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The Ia antigens, coded for by the I region within the major histocompatibility 
complex H-2, have been identified on lymphocytes, macrophages, spermatozoa, 
epidermis, and undefined fetal liver cells (1, 2). Lymphoid cells that express 
surface Ia are predominantly B cells (3), although subpopulations ofT cells may 
also express I region-determined antigens (4). It has recently been shown that Ia 
antigens as well as surface immunoglobulins may be involved in the regulation 
of T-cell and B-cell interactions in the immune response (5-7). 

The relative frequencies and rates of appearance of Ia-positive cells and of Ig- 
bearing cells appear to coincide during ontogeny, and the majority of immuno- 
globulin(Ig)-bearing cells in adult spleen also express Ia (8). On the other hand, 
the studies of Hammerling et al (9) suggest the presence in adult mice of Ig + Ia- 
lymphocytes which may give rise to Ig ÷ Ia ÷ cells. It is also known that in 
perinatal mice, B cells lack several surface markers, such as Fc and C3 receptors 
and IgD, which are found on mature B cells in peripheral tissues of adults (10, 
11). The absence of such membrane receptors on recently formed or young B cells 
may relate to their greater susceptibility to tolerance induction by multivalent 
antigens (12, 13), ease of suppression by anti-immunoglobulin antibodies (14- 
16), and a tendency to make more IgM than IgG antibodies in clonal assays (17). 

Since expression of Ia and IgD on B cells may be important in determining 
response patterns to antigens, we have used double immunofluorescent staining 
techniques to define the ontogenetic sequence of these markers on individual 
lymphocytes. 

Mater ia ls  and Methods 
Animals. Inbred CBA/J and SJL/J  mice, obtained from The Jackson Laboratories, Bar 

Harbor, Maine, were used at  2-3 mo of age for study or breeding. The first day of gestat ion was 
est imated to be the day on which a vaginal  plug was found. 

Cell Preparations and Tissue Culture. Cell suspensions for cul ture or fluorescent s ta in ing  
were cleared of nonviable cells and cultured with or without  lipopolysaccharide (LPS) as previ- 
ously described (16). 
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Antiser9. Anti-H-2K k (K-603) was produced by immunization of (C3H.OH × 129/Sv)Fz hybrids 
with C3H/HeJ cells. This antisera had a titer in cytotoxic tests of 1:1024 with CBA/J (H-2 k) cells. 
The anti-la k serum (K-492) was made by immunization of A.TH mice with spleen cells from 
congenic A.TL animals. This antiserum contained predominantly anti-laA k antibodies and had a 
titer of 1:500 in cytotoxic tests with H-2 k cells. An anti-la s antiserum (K-463) was made by 
immunizing (A.TL x B10)FI mice with spleen cells from (A.TH × B10)F~ spleen cells and had a 
titer of 1:128 against B10.S spleen cells. 

Immunofluorescence Assays. An indirect fluorescence method was used to detect surface 
alloantigens. 1,000,000 viable cells were incubated at 4°C with 20 pl of neat alloantiserum, washed 
twice, and then stained with 20 ~I of rhodamine (RITC) conjugated goat anti-mouse Tl-chain. 
Cells were then stained for surface IgM by incubating the cells at 4°C in 20 pl of fluorescein 
(FITC) conjugated goat anti-mouse p-chain. The preparations, characterization, and specificity of 
these goat anti-mouse immunoglobulin reagents have been described elsewhere (16). IgD was de- 
tected on the surface of lymphocytes by incubating cells first with rabbit anti-mouse IgD (18). 
The cells were washed twice and stained with goat FITC anti-rabbit IgG under capping condi- 
tions. The cells were then stained with goat RITC anti-mouse IgM at 4°C, washed, layered onto 
slides with a cytocentrifuge, and fixed for 15 rain in 5% acetic acid in ethanol at -20°C. After 
washing the slides in phosphate-buffered saline, pH 7.4, fixed cells were sometimes stained for 
cytoplasmic IgM, before mounting with coverslips and Elvanol for examination by fluorescence 
microscopy (16). 

Results and Discussion 

Of the slgM + B lymphocytes in fetal spleen and liver I day before birth only a 
very small fraction expressed surface la. As shown in Fig. 1, after birth there 
was a linear increase in the percentage of slgM + cells which expressed la. By 9 

days 95-100% of splenic sIgM + cells also stained for la as is the case for adult 
splenic B cells. The frequency of slgM + cells expressed as a percentage of total 
nucleated spleen cells increased from 1 to 2% at birth and from 8 to 11% by 9 
days of age. We also studied the appearance of Ia s antigens on slgM + B lympho- 
cytes in spleens of developing SJL/J (H-2 s) mice. The rate of expression of la 
antigens in this strain was similar to that of Ia k in CBAJJ mice and results are 
not shown. Also shown in Fig. i is the ontogenetic appearance of H-2K k anti- 
gens on B cells as a function of age. A proportion of the earliest B cells did not 
carry detectable H-2 k antigens. These observations are similar to earlier results 
which showed that appearance of H-2 antigens on erythrocytes of I to 2-day old 
mice was delayed in some strains (19, 20). IgD-bearing cells first appeared in low 
numbers at 3 days after birth and by 9 days -60% of surface (s)IgM + cells also 
expressed IgD. Adult percentages were not obtained until later (Fig. 1). 

In adult bone marrow and perinatal liver, pre-B cells, identified by small 
amounts of cytoplasmic IgM within lymphoid cells lacking sIgM (21, 22), did not 
express surface la determinants. As in perinatal liver and spleen, a proportion 
(50-60%) of slgM + B cells in adult marrow were la-. It has been shown by both 
immunochemical (11) and direct staining techniques (22) that a large fraction of 
adult marrow slgM + lymphocytes lack slgD. 

Tissue culture experiments suggested that la expression is a programmed 
differentiation event. Suspensions of spleen or liver cells from mice 1-9 days of 
age were cultured in medium containing fetal calf serum but no other mitogen. 
After 6 days in culture all slgM + cells expressed la whatever the age of the 
animal used to establish the culture. Expression of la on slgM + cells was studied 
serially in cultures of 15 h neonatal liver. The rate of appearance of la closely 
approximated that observed for splenic B cells in situ (results not shown). 
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FIO. I. Developmental relationships of H-2K k, la k, and IgD on splenic and liver B lympho- 
cytes of fetal and neonatal CBA/J mice. Results are expressed as percentage of surface IgM- 
positive cells in spleen which stained with either anti-H-2K k, --b--; anti-Ia k, --0--; or 
anti-IgD, --l--. Adult values are given on the right of the graph in open symbols. Fetal 
liver B lymphocytes stained with anti-la k are represented by the dashed line, --0--. IgM + B 
lymphocytes in liver were also examined for IgD but up until 2 days of age no surface IgD + 
cells were detected. When adult CBA/J spleen cells were incubated with normal mouse 
serum or anti-la • antiserum followed by RITC anti-T1 or with RITC anti--/1 alone, <0.5% of 
cells were stained. 
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Fro. 2. Effects of normal CBA serum, (A) or A.TH anti-A.TL antiserum, (B) on the LPS 
induced differentiation of 1-day-old spleen cells to plasma cells synthesizing cytoplasmic 
IgM, --D--; IgG2, --©--; and IgG3 --A--. Anti-la serum and normal mouse serum were 
present at the indicated concentrations for the duration of culture. 

Similarly, bone marrow from anti-/z suppressed mice, which contains pre-B cells 
but no sIgM ÷ cells, gave rise to sIgM ÷ Ia + cells after 4 days in culture (Burrows, 
P. Personal communication). 

It has been reported that  anti-Ia suppressed the proliferative response of adult 
mouse spleen cells to LPS (23). We have confirmed this, and have also found that 
LPS-induced development of IgG as well as IgM plasma cells is markedly 
inhibited by anti-Ia (data not shown). The results in Fig. 2 indicate that  
continuous exposure to anti-Ia also inhibits the LPS-dependent differentiation of 
newborn spleen B lymphocytes to cells containing cytoplasmic IgM and IgG. 
This observation together with the finding that plasma cells developing in 
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nonsuppressed cultures all have cell surface Ia, suggests obligate expression of 
Ia in LPS-induced differentiation of sIgM + lymphocytes to plasma cells. Other 
experiments have indicated that  Ia antigens play a critical role in induction of 
IgG responses to thymus-dependent antigens, but  may not be expressed on all 
virgin IgM precursors (6-7). Our results suggest that  Ia-negative precursors for 
IgM responses to thymus-dependent antigens are either not triggerable by LPS 
or acquire Ia after antigenic stimulation. 

The present results demonstrating the existence in newborn tissues of a 
population of sIgM + Ia- B lymphocytes, may be related to the many functional 
differences between newborn and adult  B cells (12, 13). The rate at which B cells 
from young mice lose susceptibility to tolerance induction and to inhibition by 
anti-g antibodies (14-16) is strikingly parallel to the rate at which baby B cells 
acquire Ia. The relative predominance of precursors from neonatal tissues which 
give rise to clones synthesizing only IgM antibodies, the frequency of which 
decreases with age, might also be related to the sIgM ÷ Ia- population of neonatal 
spleen cells (17). Because the ontogenetic appearance of Ia correlates more 
closely with functional changes occurring in B lymphocytes during the lst-wk of 
life, we have stressed these relationships. However, either IgD or other B-cell 
receptors (e.g., C3 and Fc) may be related to these functional changes. 

S u m m a r y  

We used immunofluorescence to examine the developmental relationship of Ia 
and IgD on B cells. Pre-B cells in fetal liver did not express Ia. Only very few 
surface IgM-positive (sIgM +) B cells in fetal spleen were found to be Ia ÷ and 
were weakly stained for Ia. After birth there was a linear increase in the 
proportion of sIgM + spleen cells which expressed Ia, reaching ~95% by 9 days. 
Adult bone marrow also contains a sizeable proportion of sIgM + Ia- cells. 
Unstimulated cells from fetal or newborn liver and spleen expressed Ia at the 
same rate in culture. Anti-Ia antisera suppressed the LPS-induced differentia- 
tion of IgM and IgG plasma cells in cultures of neonatal lymphocytes. Ia was 
also detected on IgM and IgG plasma cells in vitro suggesting that  lipopolysac- 
charide (LPS)-stimulated B cells may express Ia antigens, induced by LPS, or 
appearing as part  of normal differentiation. IgD did not appear on sIgM ÷ cells 
until 3 days of age and then rose slowly to reach adult levels later than Ia 
antigens. 
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