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Antibody molecule is made up of two distinct types
of polypeptide chain, the light(L) chain and heavy
(H) chain. These polypeptide chains are linked toge-
ther by covalent and non-covalent forces to give a
four chain structure composed of pairs of identical
heavy and light chains(Cooper ef al, 1974). Each
heavy chain consists of two distinct regions. The car-
boxy terminal region or fatter three fourths of the
chain has a relatively constant amino acid sequence
and is called Cu(Costant s Heavy chain), whereas the
amino terminal one fourth of the chain shows much
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sequence variability and is called Va(Variable s Heavy
chain). Similarly, in the light chain, the corresponding
regions are Vi and C. for the variable and constant
regions respectively. The heavy chain variable region
is encoded by three separate germ line gene segme-
nts ; the variable region gene segments(Vy), diversity
region gene segments(D), and junctional region gene
segments(Ju) (Tonegawa, 1983) A key feature of the
generation of a functional gene for heavy chain varia-
ble regions is the recombination of the three separated
gene segments. The assembly of these gene segments



112 The Expression of Vi Gene Families in B Lymphocytes

is a highly ordered process. During the eariest stage
of B cell differentiation, D to Ju rearrangements gene-
rally occur first and on both chromosomes followed
by Vu to D-Ju rearrangement(Tonegawa, 1983, Alt ef
al, 1984, Sugiyama e! al, 1983, Brodeur ef al, 1984%).
However, the exact mechamism of the rearrangement
process and how it regulated remain unclear.

Several studies have been done to examine the nu-
mber of Vu gene segments and their structures. Bro-
deur ef. al.(Brodeur ef al, 1984*, Brodeur ¢t al, 1984")
did genomic restriction enzyme fragment analysis by
using many different Vu probes and defined the fami-
lies of related Vi gene segments and they were called
by the name of representitive probes used : VuJ538,
VuJ606, Vu36-60, Vi3609, Vull, VGAM3S, V.7183,
VuQ52, VuS107, and VuX24.

The extremely heterogeneous variable regions of
antibody molecule are responsible for binding to anti-
gen. In terms of that, it is not difficult to expect the
structural diversity of antibody variable regions and
apparently may be required to accomodate the enor-
mous number of foreign antigens. Therefore, one of
the fundamental questions at present time is how such
a wide variety of antibody binding sites or variable
regions can be generated and regulated. In this study,
to compare the diversity of the functional heavy chain
variable region genes in a large proportion of B cells
from adult spleen and bone marrow cells, the expres-
sion of Vi genes by individual, LPS induced B cells
was determined by #n situ hybridization.

MATERIALS AND METHODS

Animals
Inbred BALB/c mice were purchased from Harlan
Sprague-Dawley, Inc. and maintained at National Fi-

sheries University of Pusan. All mice are routinely te-
sted for pathogens, including mouse hepatitis, Sendai,
Mycoplasma  pulmonss, Salmenella, endoparasites, and
ectoparasites. Mice have tested negative for these pa-
thogens.

Stimulation of lymphocyte cultures with LPS

Spleen of 6~8 wks old mouse was removed, disper-
sed into single cell suspensions, and plated into 24-
well Costar(Cambridge, MA) dishes at 2X106/mf in
DME(Dulbecco’s Modified Eagle) containing 10%
FCS(Grand Island Biological, Grand Island, NY). 10
% NCTC medium(Inland Laboratories, Austin, TX),
SOug/m¢ gentamycin, 2mM glutamine, SX10°M 2ME
(2 mercaptoethanol), 1m¢ oxalacetate, 3X10°M gly-
cine, 0.2U/m¢ insulin, and 0.1mM nonessential amino
acids(M. A. Bioproducts, Walkersville, MD). This
medium was referred to as DME enriched. Cultures
were incubated in 10% CO. for 5~6 d in the presence
or absence of 10~40pg/mé bacterial LPS(Escherichia
coli 0111 * B4 phenol/water extracted + List Biological
Laboratories, Campbell, CA). Cultured cells were har-
vested, counted and cytocentrifuged onto slides for
analysis by immunocytochemical staining and in sifu
hybridization.

Panning technique

Two panning methods were utilized - direct and in-
direct. For direct panning(used for slg" cell separa-
tion), the polystyrene petri plates(Fisher, 100X [5m)
were coated with 100pg of goat anti-mouse immunog-
lobulin in a volume of 5mls for lhr at room tempera-
ture. After washing with HBSS(Hanks Balanced Salt
Solution) twice, the plates were coated with 1% BSA
/HBSS for 1hr at room temperature. After allowirig the
cells(30X 10° per plate) to adhere for 70min at 4C,
nonadherent cells were removed, placed on a second
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anti-MGG(Mouse gammaglobulin) coated plate, and
incubated for 70min at 4C. In the nonadherent cell
population, there were no detectable slg”™ cells by im-
munocytochemical staining.

For indirect panning(used with 148 monoclonal
antibody that detects B220), 30X 10° target cells were
coated with 200uf of a 1.3 dilution of concentrated
148 culture suspernatant for 20min at 4C. The cells
were washed with cold PBS and suspended in 5mf [ %
BSA/HBSS. Cells incubated with anti-B220 were then
added to petri dishes that had been coated with the
mouse anti-rat kappa light chain monoclonal anti-
body(Mar 18.5). The plates were incubated at 4C for
70min, swirling the plate once midway through the
incubation period to redistribute cells. To recover the
bound cells, the entire surface of each plate was vigo-
rously flushed with 1% BSA/HBSS using a pasteur
pipette. The recovered cells were counted in a hemac-
ylometer.

The generation of radioactive transcripts

For the preparation of radiolabeled RNA transc-
ripts, we followed the protocol of BRL(Bethesda
Research Laboratories, Inc. Gaithersburg, MD)
(Johnsion ef al, 1984, Buter ef al, 1982). 13uM of
“S-UTP(Dupont New England Nuclear, Boston.
MA) in volume of 5~7uf was incubated with 4pl
of 5x transcription bufler(200uM Tris pH 7.5, 30
uM MgClL, 10mM spermidine, S0mM NaCl), 2ué
100mM DTT, 0.8u¢ RNAsin(Promega Biotec, Ma-
dison. WD), 1pf each of 10mM ATP, CTP, GTP.
and 08¢ of 100mM UTP, and 1u¢ of 0.5~1.0mg/
m{ linearized template. The total reaction volume
was 20p¢. The reaction was started by adding 25
units of T3 or T7 RNA polymerase. After %0min
incubation at 39~4IC, addition of RNAse free
DNAse(RQ!, Promega) to a final concentration of

Sug/mé followed by incubation at 37C for 15min
was done to remove DNA template from the reac-
tion mixture. All reactions were terminated by phe-
nol/chloroform extraction which was routinely
done two times. After ethanol precipitation, the tra-
nscripts generated were resuspended in 20pé of TE
buffer(10mM Tris pH 7.5. 0.5mM EDTA).

Probes

The Cp and Vu gene family probes were kindly
provided by Drs. Hood, Brodeur, Riblet, and Riley
and subcioned into pT7/T3~18 plasmid designed for
transcription of either strand of DNA inserted into the
multiple cloning site by using either T; or Ts polyme-
rase(8). The probes used were pV 36p™ (36~60). pV14
RI(J606). pVI558(J558), pvS107(S107), pvQ52(Qs2),
pVSAPC-15(7183), and pV24(X24) and have been
described elsewhere(Table 1) (Dildrop ef al, 1984, Ri-
ley ef al, 1986. Perlmutter e al, 1985

Table 1. Probes used for in situ experiments

Vu
Family

Insert

Probes (bp) Specificities*

J558 ViJ558 370 ai, 3-DEX, ARS, NP
Q52 QUPC52 350 ai, 6-DEX, OX
36-60  TH2-36 140 ARS

X-24 X4 500 Bl 6-Galactan

7183 SAPCIS 1100 FLU HA

J606 Jo06 5000 Inulin, SACHO

S107 S107 45 PC

* DEX, dextran : ARS, arsonate : OX, phenyloxazo-
lone : FLU HA, influenza hemagglutinin ; SACHO,
streptococcal A carbohydrate s PC, phosphorylcho-

line.

In siru hybridization
The in situ hybridization technique of Harper ef al.
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(Harper ¢f al, 1986) and Berger(Berger ¢ al, 1986)
was used as modified by Sideras et al.(Sideras e al,
1988). Slight modification of this procedure were car-
ried out for the specific analysis of V. gene expres-
sion. Briefly, cells were cytocentrifuged onto preclea-
ned slides and fixed in freshly made 4% paraformal-
dehyde for Imin. Slides were transferred directly to 70
% ethanol and stored at 4C until used. Slides were
then removed from 70% ethanol and prepared for hy-
bridization by incubating successively in 2X SSC
twice for lmin, 0.IM triethanolamine, pH 8.0, contai-
ning 0.25% acetic anhydride(10min), 2X SSC(twice
for Imin), 0.IM Tris, pH 7.0, 0.IM glycine(30min). 2
X SSC(Imin), 70% ethanol(imin), 80% ethanol(l
min), and 95% ethanol(1min). The slides were then
allowed to air dry. A hybridization mixture(10p¢) was
pipetted directly onto the cell button of each slide : it
contained 5pf of deionized formamide(EM Science,
Cherry Hill, NJ), 1p€ 20X SSC/100mM DTT, 1y 10
mg/mé E. coli (RNA, Ipf denatured salmon sperm
DNA at 10mg/md, 0.4u¢ of nuclease-free BSA ar 50mg/
né and 0.6p¢ of S-labeled Vi gene family probes or
the Cyp probe(2~4X 10°cpm/slide). Cover slips pre-
viously siliconized and baked at 280°F for 16hrs were
gently placed on top of the cell buttons and sealed
with rubber cement. Slides were then incubated in a
humidified chamber overnight at 50C.

After incubation, the slides were washed by succes-
sively incubating in the following solutions : 2X S§8C
containing 40% formamide for 3min at 54C, 2X SSC
containing 40% formamide at 54C for Smin, 2X SSC
containing 40% formamide at 54C with shaking(1h),
2X SSC(twice for Imin), 2X SSC containing 100ug/mé
RNAse A(Sigma Chemical Co. St. Louis, MO) and
1pg/mé RNAse T1(Boehringer Mannheim Biochemi-
cals, Indianapolis, IN) at 37(30min, twice), 2X SSC

containing 40% formamide at 54C(3min), 2X SSC
containing 40% formamide at 54C(5min), and 2X
SSC containing 40% formamide at 54C with shaking
(1h). The slides were dipped in 2X SSC, 70% ethanol,
80% ethanol, and 95% ethanol and allowed to dry.
Finally, the slides were dipped in NTB2 emulsion(Ea-
stman Kodak Co. Rochester, NY) for autoradiogra-
phy, developed after 5~6d. and subsequently stained
with hematoxylin and cosin.

RESULTS

Optimization of in sity hybridization condi-
tions

The effect of probe concentration on signal and ba-
ckground was evaluated by using increasing concent-
rations of the probes. The probes tested were Cp
which has 100% homology with the cellular message
and J558 which is the most heterogencous Vu gene
family(Brodeur ef al, 1984°, Brodeur e al, 1984"). The
results indicate that increasing the probe above 2~4X
10°cpmy/slide or approximately 2.5~ 5ng/slide, did not
result in an increased frequency of cells labeled or al-
ter the specificity of labeling(Table 2). However, more
than 6X 106cpm/slide resulted in increased levels of
background. although it dod not alter the frequency
of positive cells detected. Thus. it was concluded that
addition of 2~4X10"cpm of RNA probe per slide was
sufficient for saturation of the hybridization reaction.

The optimal washing conditions after hybridization
was determined by varying the formamide concentra-
tion in the washing buffer(Table 3). The results indi-
cated that lower washing stringency at 30% forma-
mide in 2X SSC increased the frequency of Va expre-
ssing cells accompanied by an increase in background
grain numbers. Therefore, 40~50% formamide con-
cen-tration in the washing buffer was found to be op-
timum(Fig. 1).



Hyun Do Jeong

115

Table 2. Determination of optimal probe concentration for in sttu hybridization on LPS-stimulated adult sp-

leen cells*

Amount of probe I “ probe e I
( lO“cpm/ slide) Background cea/l%ls Oée:ggéd Background c:lgls Oge:gc[?eld
] 3+05h 434 46+ ()6 15.6
2 5406 407 43104 15.8
4 46106 RER 57+1.2 16.6
6 53104 456 100+ 04 16.2
10 9.9i 0.5 lo.1

‘ Number of grains per posmve cell is more than l’O

45]

l48+()9

" The mean grain numbert SEM of 8~16 randomly chosen areas approximatelythe size of cells

Table 3. Effect of washing conditions on grain number. background, and frequency of cells detected using

LPS sumulated adult spleen LC”S

% tormamlde
Probe in washing —
buffer lntracellular
u 50 96.5+ 04
40 103.3+ 3.5
30 1024+ 29
S107 50 707+ 9.1
40 690+ 49
30 797104
J558 50 414+ 39
40
30
(+)Cu .
strand 30

grdm number

% of total

Extmgcllular CCHS labeled
53106 45,(,
£l 534
145% 1.2 477
50106 33
56%05 36
- 13.1%£06 54
48105 16.5
9.1+04 171
114109 234

26£05 0

' The mean grain number+ SEM of 8~l6 randomly chosen posmve cclls
" The mean grain numbert SEM of 8~16 randomly chosen areas approximately the size of cell

Vu gene family expression in LPS stimulated
adult B lymphocytes

The repertoire of functional B cells in adult mice
that can be determined by the analysis of the produ-

ced mRNA of Vi genes was evaluated by using i sifu
hybridization. The expressed Vu genes in LPS stimu-
lated adult spleen B cells are presented as the percent
of cells containing detectable Cu specific RNA that
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Fig. 1. Autoradiograph of LPS-stimulated adult spleen
cells by in situ hybridization techniques.

Cells were hybridized with V. J558 probe. Slides were
exposed for 5~7 days at 4C.

are expressing each of seven important Vi gene fami-
lies(Table 4). All cell populations were routinely ana-
lyzed by immunocytochemical staining with anti-
mouse gammaglobulin or anti-mouse Cp(Fig. 2) and
compared with the proportion of cells labeled with the
control Cp probe. Under the conditions used, it was
come out that the number of cells detected by in situ
hybridization were very closed to the number of pla-
sma cells and plasmablasts, which stained more inte-
nsely than the remainder of B cell blast(data not
shown). LPS-stimulated adult spleen B cells expressed
Vu J558 predominantly as we can expect by the size
of Vu gene family. The Vy J558 is the family contai-
ning the most numbers. Also, the level of expression
of each of the other families analyzed approximated
the complexity or size of that family. Therefore, the
characteristic of adult B cells in spleen, in terms of Vu
gene family expression, is apparently random utiliza-
tion of Va gene segment.

Determination of Vi gene family expression
in B lymphocytes of various stages of differen-
tiation.

It has been proposed that the antigenic environ-

Table 4. Vu gene familly expression by LPS-stimula-
ted adult spleen B lymphocytes'

% of u RNA containing

Vu gene cells expressing each rela(l)i;/evcomé)[:zxity

familly of the following Vi familHly%%)
_o gene families o TR
1558(60)° 3712413 556
7182(12) 159108 1.1
Qs2(15) 196 1.9 13.9
36-60(3) 100+ 1.7 4.6
J606(10) 76104 93
$107(4) 44104 39

X-24(2) 35x12 19

' Spleen cells from BALB/c mice were cultured in the
presence of LPS for 5~6 days. After incubation, cell
cultures were harvested and cytocentrifuged onto sli-
des for analysis by in situ hybridizaation using »'S-
labelled Vi gene familly probes and “*S-labelled Cp.

* Number in parenthesis represent the published com-
plexity of Vi gene famililies by Brodeur(Brodeur ef
al, 1984*).

* Results reprsents the mean* SEM of 8(spleen) co-
mplete experiments with different mice.

ment, . g self tolerance, anti-idiotypic regulation, inf-
luences the B cell repentoire through the antibody re-
ceptors on the B cell surface(Kinkade ef al, 1982, Me-
wcalf ef al, 1979). Thus. it is thought that B cells spe-
cific for self antigens are deleted from the expressed
repertoire. Therefore, pre-receptor B cells(pre B cells)
that have not yet been exposed to the antigenic envi-
ronment may have a distinct Vu gene repertoire from
that of slg” B cells. To study this possibility, adult
bone marrow cells were separated into three different
differentiation stages based on cell surface markers .
1) slg". 2) slg” B220" and 3) slg” B220™ cells. This
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Fig. 2. Immunocytochemical staining of LPS-stimula-
ted adult spleen cells.

-

Cells were stained with Few» rabbit anti-mouse Ig,
biotin labeled Fer goat anti-rabbit immunoglobulin
and mixture of streptoavidin and biotin labeled horse
raddish peroxidase.

was done by the panning technique. Efficient cell se-
paration was achieved by immunocytochemical stai-
ning, in that each isolated subpopulation showed less
than 0.5% contamination by the other subpopulations.
Separated B cells were stimulated with LPS for 5~6
days for analysis of the expressed Vu gene family
using in situ hybridization. During the culture period,
slg " B cells differentiated to LPS-responsive mature B
cells. In the LPS stimulated slg® population, more
than 60% of the total cells were detected by in situ
hybridization with the Cu probe. In the LPS stimula-
ted sig” B220™ and slg” B220" cell population, the
proportion of Cy positive cells detected was 14~17%
and 10~12% respectively. Presumably these findings
reflect the frequency of LPS-responsive B cells during
the stimulation period.

B lineage cell subsets separated according to diffe-
rentiation stage were also analyzed for LPS-induced
Vu gene family expression. The results indicated no
apparent difference in Vi gene family profiles among

adult subsets slg”, B220" slg”, and B220™ slg” (Fig
3). Therefore, at this level of analysis. no evidence
was found for distinct repertoires in the pre-receptor
vs post receptor pool of B cells.

These experiments also relate to potential differen-
ces in repertoire depending upon the maturation stage
of the B cells. Thus, Malynn ef. al.(Malynn et al, 19
87) reported evidence that adult bone marrow B cells
expressed higher levels of D-proximal Vy 7183 family
compared with adult spieen B cells, when they analy-
zed and compared the amount of Vu gene family
mRNA extracted from bone marrow cells and spleen
cells. The authors proposed that D-proximal Vu gene
family usage may be a characteristic of less mature B
cells, because the bone marrow cells contain higher
numbers of immature B cells than that of spleen B
cells. However. our results indicated no differences be-
tween adult spleen and bone marrow populations(Ta-
ble 4, Fig. 3). Moreover, the results shown in Fig. 3
confirm and extend our findings since both LPS-in-
duced slg® and slg B lineage cells derived from
adult bone marrow also showed a adult spleen-like Vy
gene family expression pattern correlating with Vy
gene family size. Thus, even after enriching for imma-
ture B lineage cells from adult bone marrow cells,
there was no evidences to indicate preferential D-pro-
ximal Vi gene usage or an increased degree of prefe-
rential D-proximal Vu gene usage, respectively.

DISCUSSION

In this study, we examined the optimum conditions
for in situ hybridization using **S labeled RNA pro-
bes. Among the technical variables examined were
probe concentration and washing stringency. The re-
sults suggested that concentrations of labeled probe
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Fig. 3. The expression of Vu gene families with LPS stimulation in various stages of adult bone marrow
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Adult bone marrow cells were panned on goat anti-mouse immunoglobulin coated plates for isolation of
slg” B cells. Nonadherent cells were coated with anti-B220(14.8) monoclonal antibody and layered on
mouse anti-rat light chain monoclonal antibody(Mar 18.5) coated plated for the isolation of slg™, B220 B
cells. After 5~7 days stimulation with LPS, cell cultures were harvested for the analysis of Vu gene family

expression by in sifu hybridization.

exceeding 6X10°cpm/slide resulted in somewhat hi-
gher backgrounds without resulting in increased fre-
quencies of positively labeled cells(Table 2). In terms
of washing conditions, low stringency condition inc-
reased both the background level and the level of no-
nspecific binding(Table 3). We also tested the length
of hybridization time. Extended hybridization times
(overnight) were not shown to appreciably affect the
degree of labeling(data not shown). The specificity of
probes was also indicated by the fact that the total
proportion of Cp hybridizing cells approximated the

total proportion of cells expressing Vu genes. This lat-
ter finding suggests that the majority of Vu gene fami-
lies have been identified in agreement with previous
studies( Dildrop ef al., 1985, Perry ef al, 1981). In some
cases, the total proportion of cells expressing Vu genes
was slightly greater than [00%. The most likely expla-
nation is a small fraction of plasma cells are produ-
cing isotypes other than IgM and would not be scored
by Cp hybridization.

By the in situ hybridization technique, we can dete-
rmine the expression of each functional Vu gene fa-
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mily in the individual normal B cells without limita-
tion of analyzable cell population. It made us possible
to eliminate any possible bias resulting from transfor-
mation protocols used previously(Yancopoulos ¢t al,
1984, Alt ef al, 1981) and minimized limitations asso-
ciated with sampling size. Spleen cells from adult
mice were stimulated with the mitogen LPS. Up to
one third of splenocytes would be stimulated by this
treatment(Melchers, 1977). Considering the level of
stimulation, the majority of B cells induced would
presumably represent the functional. primary B cell
repertoire. Generally. when adult splenocytes were cul-
tured in the presence of LPS. as many as 30 w 50%
of the cells contained sufficient amount of RNA to
become labeled when hybridized with the Cp probe.
However, the normal in situ hybridization technique
used in the experiments described in this study was
not sufficiently sensitive to detect Cy-specific or Vu
gene specific RNA in uncultured splenocytes cytocent-
rifuged directly onto slides. Moreover. it was highly
unlikely that germline Vu transcripts or sterile transc-
ripts were detected s such nonfunctional transcripts
have been shown to be present at lower levels than
functional immunoglobulin transcripts.

To analyze the functional B cell repertoire of the
adult B cells in spleen were stimulated with the mito-
gen LPS. It was assumed that LPS acts as a polyclo-
nal activator and would not selectively stimulate a su-
bpopulation of B cells unique in terms of Vi gene ex-
pression. The result indicate that the LPS induced re-
pertoire of adult splenocytes appears random for the
Vi gene family utilization and is not significantly dit-
ferent from that of the bone marrow B cells(Table 4,
Fig. 3). The predominant families expressed in adult
splenocytes are Vu J558 the largest Vi gene family.
These results of our study can be interpreted that the

degree of Vu gene family expression in the population
of adult splenocytes very much approximated to the
complexity of Vi gene family and is not dependent
upon the location of Vu gene family in chromosome
as the results of Permutters analyzed by the transfor-
med B cells(Perimutter et al, 1985"). Additionally, it
would be interesting to determine if normal adult B
cells may express different way the new Vy gene fa-
mily analyzed very recently, especially VGAG 3~8§
family that has been appeared as the most D-proxi-
mal Vi gene family(Christoph ef al, 1989). However.
it would be not difficult to suspect the low expression
levels of VGAM 3~8 gene family in LPS-induced
adult splenocytes by the small size of this family, if
our results that showed the complexity. not the posi-
tionin in chromosome, dependent Vu gene utilization
in B cells of adult also can be extended to this new
family,

Processes such as tolerance, anti-idiotypic regula-
tion. and maternal antibodies could influence the
emerging the B cell repertoire through the antibody
receptors on the B cell surface(Kinkade ef al, 1982,
Metcall ef al, 1979). Therefore. it was of interest to
compare Vy gene family expression on mature slg™ B
cells with B cells that develop in culture from slg” or
B220 precursor B cells. In these experiments, no ap-
parent evidence was obtained for differences in Vu
gene family expression when the starting populations
were pre-receptor vs mature B cells(Fig. 3). If antige-
nic microenvironment plavs a major role in shaping
the B cell repertoire and self tolerance or idiotypic ne-
twork resulis in elimination or expansion of B cells
with altered Vu gene family repertoires. then differen-
ces in Vu region expression between B cells derived
from slg” vs slg  population should be observed. Ho-

wever it is possible that the negative results could re-
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lated to the sensitivity of analysis and that individual
Vu genes would have to be analyzed. Another impor-
tant aspect of these experiments is the analysis of B
cell repertoire depending upon the differentiation stage
of B cell. In the analysis of total RNA, Malynn et al.
(Malynn et al, 1987) showed some evidence of an in-
crease in Vu7183 specific RNA in bone marrow com-
pared with spleen. The authors suggested that the res-
tricted Vu gene usage of 7183 could be associated with
differentiation stage of the B cell. However, it is diffi-
cult to draw conclusions from total RNA obtained
from heterogeneous populations of cells since a small
proportion of cells containing high levels of specific
RNA could account for the differences. To analyze the
B cell repertoire in different maturational stages, im-
mature slg™ B cells were isolated and analyzed for Vu
gene family expression afer they matured in vitro and
were stimulated with LPS, The results indicated that
LPS-induced B cells derived from both the slg™ and
slg” subsets of adult bone marrow expressed comple-
xity dependent Vu gene family utilization patterns.
This suggests that the different maturational stages do
not influence for the formation of functional Vu gene
repertoire in the B cell lineage. However, it should be
noted that our experiments were measuring the expre-
ssed Vu gene family in plasmablasts or plasma cells
derived from separated slg” and slg™ B cells after in
vitro stimulation rather than directly testing mature
and immature cells. Nevertheless, the initial starting
population was highly enriched for immature B cells
in the slg™ population and no evidence for increased
usage of Vy 7183 was observed. The resuits of this
study in which hundreds of LPS-induced adult B sp-
lenocytes were analyzed indicated that the expression
of Vu gene families is random and dependent upon
the the size of Vu gene families. Moreover, this pat-

tern of random utilization of Vy gene family also ap-
peared in the B cells of bone marrow and was not
changed during maturation of the functional B cell li-
neage. Whether there is any specific contributory roles
of cellular selective regulatory mechanisms in different
lymphatic organs or special B lincage cells, like CD5

B cells, needs to be assessed further.
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Vu Gene Expression and its Regulation on Several
Different B Cell Population by using

in situ Hybridization technique
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The mechanism by which Vu region gene segments is selected in B lymphocyte is not known. Mo-
reover, evidence for both random and nonrandom expression of Vu genes in matured B cells has been
presented previously. In this report, the technique of in situ hybridization allowed us to analyze expre-
ssed Vu gene families in normal B lymphocyte at the single cell level. The analysis of normal B cells
in this study eliminated any posssible bias resulting from transformation protocols used previously and
minimized limitation associated with sampling size. Therefore, an accurate measure of the functional
and expressed Vu gene repertoire in B lymphocyte could be made.

One of the most important controls for the optimization of in situ hybridization is to establish probe
concentration and washing stringency due to the degree of nucleotide sequence similarlity between dif-
ferent families which in some cases can be as high as 70%. When the radioactive Cp and VuJ558 RNA
probes are tested on LPS-stimulated adult spieen cells, 2~4X106cpm/slide shows low background and
reasonable frequency of specific positive cells. For the washing condition, 40~50% formamide at 54C
is found to be optimum for the Cy. VuS107 and V,4J558 probes. The analyzed resulis clearly demonst-
rate that the level of each different Vi gene family expression is dependent upon the complexity or
size of that family. These findings are also extended to the level of Vu gene family expression in sepa-
rated bone marrow B cells depend upon the various stage of differentiation and conclude no preferen-
tial utilization of specific Vi gene family. Thus, the utilization of VH gene segments in B lymphocyte
of adult BALB/c mice is random and is not regulated or changed during the differentiation of B cells.
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