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Germline DNA contains a group of linked Igh-C genes that encode the constant 
regions of the distinct isotypic forms of immunoglobulin (Ig). How the expression of 
each Igh-C gene is regulated in antigen stimulated B lymphocytes is currently the 
topic of intense investigation in the fields of both molecular and cellular immunology, 

Studies using myeloma cells have shown that the 5' to 3' Igh-C gene sequence on 
the 12th chromosome of the mouse is in the following order: 5' Igh-tz, Igh-6, Igh-y3, 
Igh-yl, Igh-y2b, Igh-y2a, Igh-E, and Igh-a 3' (1, 2). The secretion of each o f  these 
isotypes appears to require a genetic rearrangement, either at the DNA or RNA level, 
by which the Igh-VDJ gene complex, which codes for the variable region of the Ig 
molecule, is juxtaposed immediately 5' to the coding material for a given Ig heavy 
chain constant region (3, 4). A thorough understanding of the relationship of Igh-C 
gene order and Igh-C gene activation to the phenomenon of isotype switching within 
antigen-responsive B lymphocytes may provide approaches to the selective regulation 
of the production of the various Ig classes. 

We have studied the production of antibodies (Ab) 1 of each Ig class within B cell 
clones stimulated by the type 2 antigen, trinitrophenyl (TNP)-Ficoll (5). This antigen 
stimulates members of a B cell subpopulation (Lyb-5 + B ceils) (6) and, in vivo, can do 
so in the absence of thymus-matured T lymphocytes, i.e., in athymic nu/nu mice (7).2 
Our  results have indicated that, in the absence of added T cells, the amount  of anti- 
T N P  Ab of each IgG isotype produced in response to TNP-Ficoll directly correlates 
with the 5' to 3' Igh-C gene order (5, 7). Furthermore, results from the splenic focus 
assay revealed that the clonal frequency of precursors of ant i -TNP Ab-secreting cells 
producing IgM and the IgG isotypes also directly correlated with this gene order (5). 
These observations, plus the finding that B cell clones that secreted a given subclass 
of IgG ant i -TNP Ab tended to coexpress ant i -TNP Ab of each of the isotypes encoded 
by 5' Igh-C genes (5), suggested that Igh-C gene order strongly influences the isotype 
switching events within B cell clones responding to TNP-FicolI. We have further 

1Abbreviations used in this paper: Ab, antibody; BSA, bovine serum albumin; C, complement, PC, 
phosphorylcholine; RIA, radioimmunoassay; S, switch; TNP, trinitrophenyl. 

2 In in vitro cell suspension culture, Thy-1 ÷, Lyt-1 + cells have been shown to be necessary for Ab 
responses to TNP-Ficoll (8). 
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shown tha t  T lymphocytes  appea r  to enhance  the IgG switching mechanism within  
TNP-Ficol l - responsive  B cell clones. The  result of  such an enhancemen t  is a prefer- 
ent ia l  increase in expression of  those IgG subclasses, namely  IgG2a  and  IgG2b,  which 
are encoded by  genes at  the 3' end of  the Igh-y gene complex  and  which have the 
smallest p robab i l i t y  of  being expressed by  B cells which have been dep le ted  of  T cells 

(5, 7). 
In this report ,  we have ex tended  our  s tudy of  TNP-FicoU- induced  isotype expression 

to the  two add i t iona l  isotypes which are encoded by  genes 3' to the  Igh-¥ gene cluster,  
i.e., IgE and  IgA. The  results suggest that  switches to the IgG subclasses, to IgE, and  
to IgA are, at least in par t ,  med ia t ed  by  three  dist inct  pa thways .  

M a t e r i a l s  a n d  M e t h o d s  
Animals. C57BL/10 ScN nu/nu C57BL/10 ScN nu/+, and C57BL/10 ScN + / +  mice were 

obtained from the Small Animal Section, Division of Research Services, National Institutes of 
Health. Mice were used at 2-3 mo of age. 

Antigens. TNP-aminoethylcarbamylmethyl-Ficoll (TNP-Ficoll), described in preceding re- 
ports (5, 7), was used to stimulate anti-TNP Ab for isotype analysis. TNP-bovine serum 
albumin (TNP-BSA; 15 mol TNP/mol  BSA) was prepared as described previously (7). 

Preparation of B and T Cell-enriched Populations. B cells were purified for use in the splenic 
focus assay by methods described previously (5, 7). Briefly, nu/+ spleen cell suspensions were 
depleted of Thy-1.2-positive cells and Lyt-1-positive cells by treatment with specific monoclonal 
antibodies and complement (C). T cells were selectively enriched from nu/+ spleen cells by the 
plate-binding method described by Mage et al. (9) and used previously by this laboratory (5, 
7). T cells used in the splenic focus assay were in addition treated with 17C9 (10), a monoclonal 
anti-ThB antibody (11), and C, as described previously (5). 

Radioimmunoassay (RIA) for Measurement of Anti-TNP Antzbody. The solid-phase RIA described 
previously (7), which uses TNP-BSA-coated flexible microtiter plates and all-labeled anti- 
isotype reagents, was used to measure anti-TNP Ab of the various classes in immune serum and 
in splenic focus assay culture supernatants. 

The preparation and affinity-purification of goat anti-IgM, goat anti-IgG 1, goat anti-IgG2a, 
goat anti-IgG2b, rabbit anti-IgG3, and goat anti-IgA has been previously described (7, 12). 
Affinity-purified rabbit anti-IgE was the kind gift of Dr. David Katz, Medical Biology Institute, 
La Jolla, CA. These antibodies were tritiated by reductive formylation with NaB3H4 (13). With 
the exception of the anti-IgE Ab, these reagents have been previously shown to have comparable 
efficiencies for binding to their respective insolubilized Ig class substrates (7, 12). To analyze 
the binding efficiency of the 3H-labeled anti-IgE reagent, we have compared the binding of 
[aH]anti-IgE, [aH]anti-IgA, [3H]anti-IgG1, and [°H]anti-IgG2b to purified anti-TNP hybridoma 
or myeloma antibodies of the appropriate isotype in a TNP-specific RIA. The data in Fig. 1 
show that similar binding curves are generated when these labeled reagents are used to measure 
various concentrations of the appropriate anti-TNP antibody. These data and data presented 
elsewhere (7, 12) indicate that our isotype-specific RIA is capable of detecting approximately 
equivalent concentrations of anti-TNP Ab of each isotype. 

Splenic Focus Assay for Enumeration of Anti-TNP Ficoll-responsive B Cells. The modification of 
the splenic focus system used to analyze TNP-Ficoll specific B cells has been previously 
described (5). Briefly, limiting numbers of unprimed B cells with or without 5 X 10 a unprimed 
T cells were transferred intravenously into 1,600-rad ~87Cs-irradiated unprimed syngeneic nu/nu 
recipient mice. Approximately 15 h after cell transfer, the recipients were injected intravenously 
with 10/~g TNP-FicoI1; 1 h later, the mice were killed. The recipient spleens were sliced into l- 
mm a fragments, which were then prepared as individual organ cultures. Culture supernatants 
were changed every 3 4 d. Supernatants collected from days 10 through 17 of culture were 
tested for anti-TNP Ab of the various isotypes by the solid-phase RIA described above. To 
determine the percent of anti-isotype bound that would be used to categorize supernatants as 
positive or negative, we constructed a histogram of percent of fragments from an individual 
spleen that bound given percents of anti-isotype. When percent of fragments was plotted 
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FxG. 1. Analysis of binding of3H-labeled anti-isotype reagents to monoclonal anti-TNP antibodies 
(IgG1 hybridoma [C)], IgG2b hybridoma [0], IgE hybridoma l/x], IgA myeloma [MOPC-315] 
[&]). Various concentrations of purified monoclonal proteins were bound to TNP-BSA coated 
microtiter wells, ~H-labeled affinity-purified isotype-specific antibodies were added at 30,000 cpm/  
50 /Ll/well. The percent of added all-labeled affinity-purified antibody bound was subsequently 
determined, 
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against percent anti-isotype bound, a bimodal histogram was obtained. We utilized the 
"trough" in this histogram as the "cut-off" between positive and negative fragments. Through 
this type of analysis, occasional fragments from spleens containing B cells but no antigen were. 
classified as positive. However, supernatants from these "positive" fragments contained consid- 
erably less anti-TNP antibody than supernatants from most positive fragments obtained from 
spleens containing B cells plus antigen. 

Resul ts  

Serum Analysis of lgM, IgG3, IgG1, IgG2b, lgG2a, IgE, and IgA Anti-TNP Ab Responses 
to TNP-Ficoll in nu/nu and T Cell-reconstituted nu/nu Mice. Our  previous studies have 
shown that the amounts of  IgM ant i -TNP Ab and ant i -TNP Ab of each lgG isotype 
produced in response to TNP-Ficoll in the absence of T cells directly correlate with 
the 5' to 3' Igh-C gene order (5, 7). Thus, the isotypic hierarchy characteristically 
observed is IgM > IgG3 > IgG1 > IgG2b > IgG2a. We wished to determine whether 
the production of Ab coded for by the most 3'-encoded Igh-C genes, i.e., IgE and IgA, 
would also fit this correlation with the 5' to 3' Igh-C gene order. Furthermore, we 
wanted to determine whether the production of IgE and IgA Ab might be influenced 
strongly by the presence of T lymphocytes, like the production of the 3'-encoded IgG 
isotype, IgG2a (5, 7). 

The data in Table I show results from three experiments in which the ant i -TNP Ab 
responses of nu/nu and T cell-reconstituted nu/nu mice to TNP-Ficoll were measured. 
No IgE ant i-TNP Ab above control levels could be detected in sera from either nu/nu 
or T cell-reconstituted nu/nu mice. All groups of mice produced IgA ant i -TNP Ab to 
TNP-Ficoll. The concentrations of  serum IgA Ab were less than that of  IgG2a, the 
IgG subclass with the lowest serum ant i -TNP concentration. Mice reconstituted with 
T cells had higher serum IgA ant i -TNP titers than nonreconstituted nu/nu mice, but 
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TABLE I 
Isotypic Analysis of Serum Anti-TNP Ab Titers m TNP-FicoU-immunized nu/nu and 

T Cell-reconstituted nu/nu Mice 

Experi- Mice tested 
m e n t  

Reciprocal of peak anfi-TNP serum titer 

IgM IgG3 IgG1 I g G 2 b  IgG2a IgE IgA 

1 nu/nu 51,200 16,400 5,t20 200 40 --* 40 
nu/nu + T  30,000 12,000 10,240 800 2,000 --  120 

2 nu/nu - -  --  13,000 --  1,280 --  150 
nu/nu+T --  - -  60,000 - -  10,240 --  1,500 

3 nu/nu 55,000 35,000 25,600 --  2,200 <5 116 
nu/nu + T 150,000 55,000 80,000 --  24,000 <5 790 

Anti-TNP Ab was measured in sera obtained on days 5, 7, 10, 14, and 20 after immunization of mice with 
10 ktg TNP-Ficoll in saline. A pool of equal aliquots of sera within each group (n = 4-5) was tested from 
each day. Data shown are the peak anti-TNP titers in each isotype. Titer is defined as the serum dilution 
at which 1% of the added [aH]anti-isotype counts are bound. Reciprocal anti-TNP titers in unimmunized 
nu/nu mice were, on the average, 3,600 for IgM and <10 for IgG3, IgGl, IgG2b, Ig, G2a, IgE, and IgA. T 
cell reconstituted nu/nu mice received 5 × 106--107 C57BL/10 T cells 1 d before antigen. 

* Not tested. 

the T cell enhancement  was generally not as substant ia l  as that seen in the IgG2a Ab 

response. Because comparable  results were observed when product ion  of a n t i - T N P  
Ab of the various isotypes from i m m u n e  cells was measured with the use of an in vitro 
short-term secretion assay (12) (data not shown), the relatively low IgE and  IgA anti-  
T N P  serum titers seen when i m m u n e  sera were analyzed cannot  be a t t r ibuted  solely 
to the more rapid in vivo clearance of these Ig (14, 15). 

Analysis of the Frequency of TNP-Ficoll Responsive B Cell Clones that Produce Various 
Isotypes in the Splenic Focus Assay. O ur  recent studies of the IgM and  IgG isotypic 
responses to TNP-Ficol l  demonstrated that  the relative frequency of B cell clones that 
produce an t i -TNP Ab of each of the IgG isotypes in the splenic focus assay correlated 
with the relative titers of an t i -TNP  Ab of these isotypes observed in the sera of 
i m m u n e  mice (5). We wished to determine whether the frequency of B cell clones that  

produced IgA and IgE a n t i - T N P  Ab to TNP-Ficol l  would follow a similar pat tern  
and  thus correspond to the relatively low serum levels of a n t i - T N P  Ab of these isotypes 
produced in vivo. The  da ta  shown in Tab le  II indicate that  this is not the case. O f  all 
the fragments prepared from donors that received B cells only, none were found to 
secrete IgG2a an t i -TNP Ab. However, a considerable n u m b e r  were found to secrete 
IgE or IgA an t i -TNP Ab. In fact, the frequency of both IgE- and  IgA-positive 
fragments was found to be higher than  the frequency of IgG 1-positive fragments. This  
is in clear contradis t inct ion to the relative serum titers of a n t i - T N P  Ab of the various 
isotypes in the experiments reported in Tab le  I. Both the in vivo response, as measured 
by serum analysis, and  the in vitro splenic focus assay response show that,  in the 
absence of T cells, the relative product ion of an t i -TNP  Ab of the various IgG 
subclasses correlates with 5' to 3' Igh-C gene order. However, the splenic focus assay 
response shows that  the frequency of IgE and  IgA ant i -TNP-secret ing clones does not 
directly correlate with this gene order. 

When  the frequency of isotype expression was compared in fragments con ta in ing  
B cells only vs. those conta in ing  B cells and  T cells, it was found that  the presence of 
T cells significantly enhanced the frequency of fragments secreting IgA a n t i - T N P  Ab 
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TABLE II 

Analysis of the Frequency of Clones Secreting Anti-TNP Ab of Various Isotypes in Fragments Containing 
B Cells Only or B Cells Plus T Celts* 

Total 

num- Total 
Cells her TNP- number 
trans- Ficoll frag- B cells 
ferred ments . . 

stud- rejected 

led 

Number of fragments secreting anti-TNP Ab per 106 B cells 
injected (X +_ SE) 

IgM IgG3:~ IgG1 lgG2b IgG2a:~ IgE IgA 

× l0 s 

B - 124 5.75 0.67 0.4 0.13 0.17 0 0 0 
±0.48 +0.13 ±0.17 

B + T - 178 9.00 0.65 0,4 0,05 0 0 0 0 
±0.34 ±0.4 ±0.05 

B + 723 34.25 3.63 [.85 0.41 0.35 0 0.74 1.49 
±0.42 +_0.34 +_0.10 +_0.10 --.0.13 ±0.26 

B + T + 611 26.75 4.48 2.56 0.65 1.01 0.48 0.94 2.74 
+0.46 _+0.63 ±0.20 ±0.23 _+0.20 ±0.22 ±0.37 

P value NS§ NS NS <0.01 <0.02 NS <0.01 

* Irradiated recipients which received T cells only plus TNP-Ficoll had 0.07 + 0.07 IgM-positive fragments, 
0.07 + 0.07 IgGl-positive fragments, 0.07 ± 0.07 IgE-positive fragments, and no lgG2b- or IgA-positive 
fragments per 10 ° T cells injected. The mean and SE values are calculated from the number of positive 
fragments from individual recipient spleens within a group. 

~z The data for IgG3 and IgG2a positive fragments in the above groups were available from only one of the 
three pooled experiments. This experiment had the following dimensions (total number of fragments 
studied, total number of B cells injected): B cells, no antigen (36 fragments, 2.5 × 106 B cells injected); 
B + T cells, no antigen (82 fragments, 5 × 106 B cells injected); B cells + antigen (334 fragments, 20 × 
l0 s B ceils injected); and B + T cells + antigen (210 fragments, 12.5 X l0 s B cells injected). 

§ Not significant. P values are derived by comparing results from TNP-Ficotl-immunized groups receiving 
B cells and B cells plus T cells. 

bu t  h a d  no s igni f icant  effect on the  f r e q u e n c y  o f  f r a g m e n t s  sec re t ing  I g E  a n t i - T N P  

Ab.  As desc r ibed  p rev ious ly  (5), t he  f r e q u e n c y  o f  f r a g m e n t s  sec re t ing  I g G 2 a  a n d  

I g G 2 b  a n t i - T N P  Ab  was s ign i f i can t ly  e n h a n c e d  by  the  p resence  o f  T cells. 

Analysis of the Concentration of Ant i -TNP Ab of Each Isotype Found in Supernatants of 
Positive Fragments. It  is c o n c e i v a b l e  tha t  the  d i v e r g e n t  obse rva t ions  on r e l a t ive  IgG,  

IgE,  a n d  I g A  a n t i - T N P  A b  p r o d u c t i o n  o b t a i n e d  t h r o u g h  s e r u m  a n d  c lona l  analys is  

cou ld  be  e x p l a i n e d  by  a lower  p r o d u c t i o n  o f  I g A  a n d  I g E  a n t i - T N P  A b  t h a n  I g G  

a n t i - T N P  Ab  in i n d i v i d u a l  clones. W e  the re fo re  c o m p a r e d  the  a v e r a g e  c o n c e n t r a t i o n  

o f  IgG1,  IgG2b ,  IgE ,  a n d  I g A  a n t i - T N P  Ab  in pos i t ive  clones.  T h e  d a t a  in T a b l e  I I I  

show tha t  t he  ave r age  p r o d u c t i o n  o f  IgE  a n t i - T N P  A b  pe r  f r a g m e n t  was lower  t h a n  

the  ave r age  p r o d u c t i o n  o f  IgG1 a n d  I g G 2 b  a n t i - T N P  Ab.  T h u s ,  a lower  r e l a t ive  

p r o d u c t i o n  o f  IgE  m a y  c o n t r i b u t e  to the  fa i lure  to de tec t  subs tan t i a l  s e r u m  ti ters o f  

IgE  a n t i - T N P  Ab  in t he  s e rum o f  i m m u n e  mice .  H o w e v e r ,  because  the  d i f ferences  

b e t w e e n  IgE a n d  the  I g G  subclasses in ave r age  a n t i - T N P  A b  p r o d u c t i o n  w i t h i n  c lones  

are  not  as grea t  as the  di f ferences  in s e rum responses  b e t w e e n  these isotypes,  it is 

un l ike ly  tha t  this is the  sole e x p l a n a t i o n .  In  a d d i t i o n ,  the  d a t a  in T a b l e  I I I  show tha t  

the  a m o u n t  o f  I g A  a n t i - T N P  A b  p r o d u c e d  b y  i n d i v i d u a l  c lones  was  c o n s i d e r a b l y  

h i g h e r  t h a n  the  p r o d u c t i o n  o f  a n t i - T N P  A b  o f  e i t he r  t he  IgG1 or  I g G 2 b  subclasses. 

Thus ,  w i th  r ega rd  to synthesis  o f  IgA a n t i - T N P  Ab,  ou r  c o m b i n e d  results c lear ly  show 
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TABLE III 

Analysis of the Concentration of Anti-TNP Ab of Each Isotype Found in Supernatants of Positwe Fragments 

Fragments IgGt IgG2b IgE IgA 
containing 

B cells Mean 2.5 10.5 1,3 19.3 
Range 0.6-31 2.5-100 0.5-6 1.5-500 

B + T cells Mean 5.8 7.7 1,5 33.7 
Range 0.5-70 1-250 0,5 4 1.5-350 

* Ab in supernatants from positive fragments was quantitated through the use of standard curves obtained 
with purified IgG1, IgG2b, and lgE anti-DNP hybridoma proteins, and purified MOPC-315 IgA anti- 
TNP myeloma protein, 

TABLE IV 

Analysis of the Coexpression Of Anti- TNP Antibody of Additional Isotypes in Fragments Secreting a Given 
Isotype of Anti- TNP Antibody * 

Cells Fragments se- Percent of fragments secreting anti-TNP Ab of X number 
creting the fol- the following number of isotypes of isotypes 

trans- lowing isotype of n per frag- 
ferred anti-TNP Ab l 2 3 4 5 6 7 ment 

B IgM 68 26,5 45.6 13.2 10.3 2.9 1.5 0 2.22 
IgG3 37 0 56.8 18.9 16.2 5.4 2.7 0 2.78 
IgG1 11 0 27.3 0 45.5 18.2 9.1 0 3.82 
IgG2b 10 20.0 10.0 0 40.0 20.0 10.0 0 3.60 
IgG2a 0 . . . . . . .  
IgE 13 38.5 23.1 23.1 7.7 0 7.7 0 2.31 
IgA 29 27.6 17.2 27.6 17.2 6.9 3.4 0 2.69 

B + T  IgM 38 18.4 34.2 10.5 21.0 10.5 5.3 0 2.87 
IgG3 32 6.3 40.6 18.8 21.9 12.5 0 0 2.94 
lgGl 8 0 0 0 37.5 37.5 25.0 0 4.31 
IgG2b 16 6.3 12.5 6.3 43.8 18.8 12.5 0 3.94 
IgG2a 6 0 0 16.7 16.7 50.0 16.7 0 4.67 
IgE 5 20.0 20.0 20.0 0 20.0 20.0 0 3.40 
IgA 41 51.2 9.8 12.2 17.l 4.9 4.9 0 2.30 

* Total fragments studied in the B eel[ only group : 334; total fragments studied in the B + T group = 
210. 

tha t  the  low I g A / I g G  rat ios  obse rved  w h e n  s e r u m  a n t i - T N P  Ab  t i lers  a re  a n a l y z e d  

canno t  be  e x p l a i n e d  by e i the r  a d i m i n i s h e d  f r e q u e n c y  of  IgA-pos i t ive  a n t i - T N P  clones  

or by lower  p r o d u c t i o n  o f  IgA a n t i - T N P  Ab  w i t h i n  pos i t ive  clones. 

Appearance of Anti-TNP Ab of Several Isotypes in Individual TNP-Ficoll-responsive B Cell 
Clones. Splen ic  f r agmen t s  t ha t  a p p e a r  to h a v e  rece ived  a single an t i gen - r e spons ive  

p recursor  h a v e  been  shown to p r o d u c e  Ab of  m u l t i p l e  isotypes (5, 16-19).  T h i s  has  

been  taken  as s t rong  ev idence  for i n t r ac lona l  i sotype swi tch ing .  O u r  p rev ious  s tudies  

(5) h a v e  shown tha t  clones tha t  p r o d u c e  I g G 2 a  a n t i - T N P  Ab  in response  to T N P -  

Ficol l  t e n d  to be  ac t ive ly  swi t ch ing  clones,  i.e., they  p r o d u c e  not  on ly  I g G 2 a  bu t  m a n y  

o the r  isotypes. In  T a b l e  IV  we present  an  analysis  o f  the  c o m p l e x i t y  o f  i sotype 

expression in the  a n t i - T N P  Ab  p r o d u c e d  by T N P - F i c o l l  respons ive  splenic  f r agmen t s ,  

i n c l u d i n g  d a t a  on the  secre t ion  o f  I g E  a n d  IgA. F r a g m e n t s  secre t ing  a n t i - T N P  Ab 

were  ca t egor i zed  as those p r o d u c i n g  Ab of  the  I g M ,  IgG3,  IgG1,  IgG2b ,  IgG2a ,  IgE ,  

or  IgA isotypes. T h e  percen t  o f  these f ragments  w h i c h  secre ted  a n t i - T N P  Ab of  on ly  
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the designated isotype or of one to six additional isotypes was then evaluated. The 
data indicate that fragments which secreted IgE or IgA anti-TNP Ab appeared to 
coexpress anti-TNP Ab of fewer additional isotypes than did fragments secreting 
IgG1, IgG2b, or IgG2a. Among clones producing a given class, the frequency of clones 
that secreted anti-TNP of only that class was very low for IgG subclasses (4%), but 
considerably higher for IgM (24%), IgE (33%), and IgA (41%). Finally, the data 
shown are consistent with our previous studies (5), which demonstrated that the 
presence of T cells generally tends to increase the number of different isotypes of anti- 
TNP  Ab synthesized by TNP-Ficoll-responsive B cell clones. An exception to this was 
found in the case of IgA positive clones, in which T cells appeared to increase the 
proportion of clones that secreted only IgA anti-TNP Ab. Thus, the increase in 
frequency of IgA-positive clones in the presence of T lymphocytes (Table II) appears 
to be primarily due to an increase in the frequency of clones which secrete only IgA 
anti-TNP Ab. 

We have previously found (5) that TNP-Ficoll-stimulated clones, which produce a 
given IgG subclass of anti-TNP Ab, have a high probability of also producing IgM 
anti-TNP Ab and anti-TNP-Ab of each IgG subclass whose Igh-C gene is encoded 5' 
to the gene for the given subclass. The data in Fig. 2 and Table V show that clones 
which produce IgE and IgA anti-TNP Ab do not exhibit such a high probability of 
coexpression of 5' encoded isotypes. The data in Fig. 2 were taken from an experiment 
in which TNP-Ficoll-stimulated fragments containing B and T cells were analyzed 
for the production of anti-TNP Ab of all isotypes with the exception of IgD. The 
percent of fragments which secreted anti-TNP Ab of a designated isotype (column A) 
that coexpressed anti-TNP Ab of each additional isotype (column B) is indicated. 
The majority of fragments that secreted a designated IgG anti-TNP Ab also secreted 
all, or nearly all, the 5'-encoded isotypes. By contrast, only a small proportion of the 
fragments that secreted IgE or IgA anti-TNP Ab also secreted anti-TNP Ab of any 
given 5'-encoded IgG isotype. Comparable data were obtained when fragments 
containing B cells only were analyzed, with the exceptions that no clones secreting 
IgG2a anti-TNP Ab were detected, and that a higher proportion (69%) of the IgA 
anti-TNP Ab-producing fragments also produced IgM anti-TNP Ab (data not shown). 
When data were pooled from three experiments in which production of B and T cell- 
containing fragments were analyzed for production of IgM and IgA anti-TNP Ab, an 
average of 51% of the IgA producing fragments were also found positive for IgM--a  
slightly higher percentage than that observed in the experiment in Fig. 2. 

Teale et al. (18, 20) have suggested that a subset of surface IgM-negative, immature 
B cells can generate clones that secrete IgA Ab without IgG Ab. In our experiments, 
the reasonably large proportion of clones that secrete only IgA anti-TNP Ab may be 
derived from such progenitors. Alternatively, these clones may have arisen from 
mature B cells that had previously switched to IgA. We wished to exclude these 
populations of cells from our analysis and to ascertain whether IgA-producing clones, 
which coexpress IgM and thus probably originate from IgM-positive precursors, 
exhibit a high frequency of coexpression of all the 5'-encoded isotypes. To do so, we 
have analyzed the coexpression of anti-TNP Ab of various isotypes in clones positive 
for IgM as well as IgA anti-TNP Ab. We found the proportion of clones secreting 
IgM and IgA anti-TNP Ab that also coexpressed IgG3, IgG1, IgG2b, IgG2a, or IgE 
to be 87%, 26%, 38%, 13%, and 21%, respectively. With the exception of IgG3, these 



76 INDEPENDENT IgG, IgE, AND IgA SWITCHING 

A 

B + T Cell Containing 

Fragments Positive 
For Ant i -TNP Ab  of 

the Following Isotype 

IgM 
n - 3 8  

B 
Additional Secreted 
Isotypes of Ant i -TNP 10 20 30 40 

A b  I I t I t 

I 5' /= [" 
E 

3' c~ 

Percent of Fragments Positive for "A" Isotype 
Also Secreting " B "  Isotype 

50 60 70 80 90 100 

p 

~3 
31 

IgG1 
n = 8  

m 

IgG2b 
n = 16 "tz~ 

E 

IgG2a 
n = 6  i 
IgE 
n = 5 

IgA 
n = 4 1  

FIc. 2. Analysis of anti-TNP Ab isotype 
taining B + T cells. 

# 
73 

71 m 
"f2b 

3~a 

# 
q'3 

~ , m m  

coexpression in TNP-Ficoll stimulated fragments con- 

proportions are relatively similar to the proport ion of  total IgA positive an t i -TNP 
clones which also secreted the indicated isotypes. Thus,  clones producing IgA anti- 
T N P  Ab do not have a high propensity for coexpression of  an t i -TNP Ab of  most of  
the 5'-encoded IgG and IgE isotypes. This is true whether total IgA-positive anti- 
T N P  clones or clones secreting both IgA and IgM an t i -TNP Ab are analyzed. 

An analysis of  the frequency of  coexpression of  an t i -TNP Ab of  all 5 '-encoded 
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TABLE V 
Association of Expression of a Given lsotype of Ab in TNP-FicoU Stimulated Fragments with Coexpression 

of Ab of lsotypes Encoded by 5' or 3' Igh-C Genes 

Frequency of 
total fragments Frequency of Frequency of Cells within Designated positive for desig- coexpression of coexpression of 

fragments isotype nated isotype all 5'-encoded all 3'-encoded 
(positive/total isotypes isotypes 

tested) 

B cells 

B + T cells 

IgM 68/334 - -  0/68 (0%) 
IgG3 37/334 37/37 (100%) 0/37 (0%) 
IgGl 11/334 7/t 1 (64%) 0/ I t  (0%) 
IgG2b 10/334 5/10 (50%) 0/10 (09"0) 
IgG2a 0/334 0/0 (--) 0/0 (--) 
IgE 13/334 0/13 (0%) 4/13 (31%) 
IgA 29/334 0/29 (0%) - -  
IgM 38/2 I0 - -  0/38 (0%) 
IgG3 32/210 28/32 (88%) 0/32 (0%) 
IgG1 8/210 8/8 (100%) 0/8 (0%) 
IgG2b 16/210 6/16 (38%) 0/16 (0%) 
IgG2a 6/210 3/6 (50%) 0/6 (0%) 
IgE 5/210 0/5 (0%) 3/5 (60%) 
IgA 41/210 0/41 (0%) - -  

TABLE VI 

Coexpression of Anti-TNP Antibody of Different Isotypes in Splenic Fragments* 

Isotypes 

Number of positive fragments~ X 2 (P) for coexpression 

All fragments +, + +, - - ,  + 
(n = 1334) 

Ab-producing 
fragments 
(n = 318) 

IgGI + IgG2b 18 16 24 284 (<0.001) 52 (<0.001) 
IgGl + IgE 5 29 40 14 (<0.001) 0.01 (NS) 
IgG2b + IgE 6 36 39 16 (<0.001) 0.01 (NS) 
IgA + IgE 16 113 29 36 (<0.001) 0.6 (NS) 
IgG1 + IgA 23 11 106 134 (<0.001) 12 (<0.001) 
IgG2b + IgA 26 16 103 136 (<0.001) 9.1 (<0.005) 

* Data from three separate experiments involving fragments from donors receiving B cells only or B cells 
+ T cells were pooled. 

:~ +, + denotes fragments positive for both members of the isotypic pair; +, - denotes fragments positive 
for the first and negative for the second member of the isotypic pair; - ,  + denotes fragments negative for 
the first and positive for the second member of the isotypic pair. 

isotypes in  f r agmen t s  secret ing a n t i - T N P  A b  of  a g iven isotype is shown  in  T a b l e  V. 
Th i s  analys is  c lear ly  shows tha t ,  whereas  a cons ide rab le  p r o p o r t i o n  o f  c lones secre t ing 
a given IgG subclass  also secrete all  the  5 ' - encoded  isotypes, n o n e  secrete all  the  3'- 
encoded  isotypes. F u r t h e r m o r e ,  un l ike  these IgG-pos i t ive  f ragments ,  n o n e  of  the  IgE 
or IgA posi t ive f r agments  were found  to coexpress all  the  5 ' - encoded  isotypes. 

W e  have  pe r fo rmed  a s tat is t ical  c o m p a r i s o n  (Tab le  VI)  of  the  f r equency  of  
coexpression o f I g G 1 ,  IgG2a ,  IgE,  a n d  IgA a n t i - T N P  A b  us ing  pooled  d a t a  f rom three  
separa te  exper iments .  T h e  X 2 a n d  p r o b a b i l i t y  values  for coexpression were d e t e r m i n e d  
from the  f requency  of  f r agmen t s  posi t ive for a n t i - T N P  Ab  of  two i n d i v i d u a l  isotypes 
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among all fragments or among those fragments that were positive for ant i -TNP Ab of 
any isotype. The analysis of coexpression of each pair of isotypes based on their 
frequency among all fragments shows that the presence of any two isotypes of anti- 
TNP Ab within a single fragment is highly unlikely to be caused by chance overlap 
of two independent progenitors. The very significant X z values suggest, rather, that 
the coexpression is caused by multiple switching events occurring within daughter 
cells of a common single precursor. The purpose of analyzing the coexpression of each 
pair of  isotypes of  ant i -TNP Ab among all ant i -TNP Ab-secreting fragments was to 
determine whether the coexpression of two given isotypes within a responsive clone 
can be accounted for by independent, random events or whether the factors that lead 
to the expression of one class of ant i-TNP Ab make it more or less likely that the other 
class will be expressed in that clone. The results indicate that the switch to production 
of IgG2b ant i-TNP Ab has a very high probability of being accompanied by a switch 
to production of IgG1 ant i -TNP Ab within the same clone (X 2 ~- 52). Clones that 
produce IgE ant i -TNP Ab, however, express ant i -TNP Ab of IgG1, IgG2b, or IgA 
isotypes at essentially the same frequencies that these Ab are produced among all 
fragments producing ant i -TNP Ab. Thus, it appears that the switch to IgE ant i -TNP 
Ab production is independent of intraclonal switches to IgG or IgA in clones 
responding to TNP-Ficoll. Clones that produce IgG1 or IgG2b ant i -TNP Ab do have 
a significantly greater likelihood of producing IgA ant i -TNP Ab than would be 
expected by chance alone, although the degree of association is not as great as that for 
IgG1 and IgG2b (X z -- 12 and 9.1 for IgGl-IgA and IgG2b-IgA, respectively). 

Discussion 

Our  previous analysis (5, 7) of the IgG subclass of ant i -TNP antibodies produced 
in response to TNP-Ficoll has suggested that the 5' to 3' genomic order of  the various 
Igh-y genes influences the frequency of switching to or expression of these isotypes. 
Thus, the results of studies analyzing the serum ant i -TNP Ab levels in immunized 
nu/nu mice, the in vitro secretion of ant i -TNP Ab from spleen cells of immunized 
mice, and the frequency of clones producing ant i -TNP Ab of each IgG subclass in the 
splenic focus assay all demonstrate that the isotypic production hierarchy correlates 
directly with 5' to 3' Igh-C gene order: IgM > IgG3 > IgG 1 > IgG2b > IgG2a. 

Because of this strong association of the IgG subclass response with Igh-',[ gene order, 
we wished to determine how the gene position of the most 31-encoded isotypes, i.e., 
IgE and IgA (1, 2), affected their representation in the ant i -TNP Ab response to TNP-  
Ficoll. In an at tempt to study the isotype switch to IgE and lgA, we have analyzed 
ant i-TNP Ab titers in serum from TNP-Ficoll-immunized mice and the frequency of 
antigen-responsive B cell clones in the splenic focus assay. In this report we have 
shown that the results obtained from these two approaches differed substantially. 
Although the serum analysis revealed low titers of IgE and IgA ant i -TNP Ab in 
response to TNP-Ficoll, results from the splenic focus assay indicated that a relatively 
large proportion of TNP-Ficoll responsive B cell clones produce IgE or IgA ant i -TNP 
Ab. We believe the focus assay is the more reliable approach for a study of isotype 
switching because it allows the analysis of switching patterns within clones arising 
from individual antigen-responsive B lymphocytes. Possible reasons for the apparent  
discrepancy between data from this in vitro system and in vivo data will be considered 
at the end of this discussion. 
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Results from the splenic focus assay show that TNP-Ficoll responsive fragments 
produce a number of isotypes of anti-TNP Ab. The clonal nature of the focus assay 
strongly implies that this is due to intraclonal isotype switching events (16-19). 
Because IgM anti-TNP Ab was found in the majority of clones secreting IgG or IgE 
anti-TNP Ab and in approximately one-half of the IgA anti-TNP Ab secreting clones, 
it is likely that most clones secreting multiple isotypes of anti-TNP Ab originated 
from IgM-positive precursors. 

Hurwitz et al. (21) have recently reported that TNP-Ficoll-stimulated clones make 
IgM and IgA anti-TNP Ab but no IgG anti-TNP Ab in the splenic focus assay. This 
variation between their results and ours may be due to any of several differences in 
the culture and assay systems used: (a) In our splenic focus assay, TNP-Ficoll was 
injected intravenously 1 h before mice were killed and their spleens fragmented for in 
vitro culture; in the splenic focus assay used by Hurwitz et al., TNP-Ficoll was added 
directly to the in vitro culture. (b) We have used lethally irradiated unprimed nu/nu 
athymic recipients in the splenic focus assay, whereas Hurwitz et al. have used lethally 
irradiated unprimed + / +  euthymic recipients. (c) The aH RIA, which we used to 
detect anti-TNP Ab in splenic focus assay supernatants, was capable of detecting anti- 
TNP Ab at ~0.2 ng/ml with counts twice above background. This is considerably 
more sensitive than the 125I RIA described in the above report. It should be noted 
that we have generally found IgG anti-TNP Ab to be in lower concentration than 
IgM or IgA anti-TNP Ab in splenic focus assay clones. Thus, a decrease in assay 
sensitivity could preclude the identification of many IgG-positive clones. 

Our results suggest that three distinct switching pathways may be used during the 
expansion of TNP-Ficoll responsive B cell precursors. Whereas switches to each of the 
IgG subclass genes probably depend upon a common switching mechanism, the 
switch to IgE and the switch to IgA appear to occur independently and through 
distinct pathways. A common pathway for Igh-y gene switching is suggested by the 
high degree of 5'-encoded isotype coexpression within the group of IgG subclasses. In 
this pathway, the major controlling factor for isotype expression appears to be Igh-y 
gene order. IgE production and IgA production, on the other hand, appear to be 
mediated by distinct switching pathways. Thus, we have found that, unlike the IgG 
subclasses, the chromosomal order of the Igh-E gene and the Igh-ot gene does not 
influence the relative frequency of clones producing IgE or IgA anti-TNP Ab in 
response to TNP-Ficoll. Even in the absence of T cells, the frequency of IgE- or IgA- 
positive clones was found to be higher than the frequency of clones expressing most 
of the IgG isotypes. Furthermore, again unlike the IgG isotypes, clones that produce 
IgE or IgA do not exhibit a high degree of 5'-encoded gene coexpression. 

Whereas, statistically, the association of IgG, IgA, and IgE anti-TNP Ab synthesis 
was found to be less significant than the associated expression of the various IgG 
subclasses, IgG, IgE, and IgA were occasionally found synthesized together in the 
same clone. This is an important observation as it suggests that IgG, IgA, and IgE 
switching events are not mutually exclusive. This observation supports the results of 
Teale et al. (19), which indicated that B cells producing IgG, IgA, and IgE are not 
necessarily derived from separate precursors which are each precommitted to the 
synthesis of a given immunoglobulin class. 

The schematic in Fig. 3 summarizes our interpretation of the data presented in this 
report. Upon stimulation by the antigen, TNP-Ficoll, an IgM-positive precursor B 
cell, will proliferate. Its daughter cells will then enter one of the three main switching 
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Proposed Switching Pathways in Responses to TNP-Ficoll 

# Im, Ot 

TNP-FicoII 

Fie,. 3. Hypothetical model for the switching pathways utilized by a B cell clone responding to the 
antigen TNP-Fico|I. 

pathways, i.e., to the synthesis of IgG subclasses, to IgE synthesis, or to IgA synthesis. 
Within the IgG switching pathway, a switch from Igh-# to Igh-y3 may precede 
switches to the other Igh-y genes. This possibility is favored (a) by the fact that most 
clones that secreted IgG1, IgG2b, or IgG2a also secreted IgG3 and (b) by recent 
molecular studies indicating that the switch (S) region 5' to the Igh-# gene, i.e., S#, 
has more homology with Sy3 than with other S 7 regions (1) and, furthermore, that 
Sy3 has greater homology with the switching regions of the other Igh-y genes than 
does S/t. 3 

It should be noted that our results cannot distinguish between whether switches 
from Igh-y3 to the other Igh-y genes occur as sequential switching events within one 
lineage of daughter cells, i.e., IgG3 ~ IgG1 ~ IgG2b ~ IgG2a, or whether distinct 
IgG3 ~ IgG1, IgG3 ~ IgG2b, and IgG3 ~ IgG2a switches occur within separate 
daughter cells. The fact that a very high proportion of IgG2a-positive clones also 
secrete IgG2b and IgG 1 Ab does not necessarily favor the former possibility. Distinct 
probabilities may exist for each of the IgG3 ~ IgG1, IgG3 ~ IgG2b, and IgG3 --~ 
IgG2a events. Because Igh-y2a is the most distal Igh-y gene, switches to IgG2a may 
have the lowest probability, and clones containing cells that have undergone this 
event may thus have a high likelihood of also containing cells which have undergone 
the IgG3 ~ IgG1 and the IgG3 --0 IgG2b switches. 

Although our data support the existence of distinct IgA, IgE, and IgG switching 
pathways, it is possible that occasional switches to IgE or to IgA may occur within a 
lineage of daughter cells that have entered the IgG switching pathway. Indeed, 
Gearhart et al. (17) have evidence that supports both a direct IgM ~ IgA switch and 
a IgM ~ IgG ~ IgA switch within separate daughter cells of a B cell clone. Our  data 
do not eliminate IgM ~ IgG --* IgE, IgM ~ IgG --~ IgA, or IgM ~ IgG ~ IgE 
IgA switching pathways, but they strongly suggest that the majority of switches to 
IgA and to IgE, in the B cell response to TNP-Ficoll are not dependent upon prior 
IgM ~ IgG switching events. 

87% of clones secreting both IgM and IgA ant i -TNP Ab were found to coexpress 
IgG3 ant i-TNP Ab whereas many fewer coexpress other isotypes. This high degree of 
IgG3 coexpression could be simply due to clones that have concurrently entered the 

3 L. W. Stanton and K. B. Marcu. Nucleotide sequence and properties of the murine y3 Ig heavy chain 
gene switch region: implications for successive Cv gene switching. Manuscript submitted for publication. 
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IgA and IgG switching pathways; because IgG3 is the most likely switch within the 
IgG pathway, it would be the most highly represented. Alternatively, as illustrated in 
Fig. 3, this high degree of IgG3 coexpression could partly be caused by an IgM --~ 
IgG3 ~ IgA shunt. This latter possibility is given some support by Stanton and 
Marcu's finding that S~,8 and Sa possess the highest concentration of a particular 
switch sequence, YAGGTTG, when compared with S/t, Sy1, and Sy2b. 3 

The concept of separate IgA, IgE, and IgG switching pathways is supported by a 
number of molecular and cellular observations. Thus, molecular analyses have 
revealed an overall greater homology of Sa with S# than with any of the IgG switch 
regions (1),~ and the existence of IgA-specific switching sites that may use class-specific 
switching enzymes has been proposed (22). The observation by Teale et al. (18, 20) 
that neonatal B cells appear to acquire the ability to produce IgA before IgG (18, 20) 
is compatible with a distinct IgA switching pathway. In addition, Kuritani and 
Cooper (23) have recently presented evidence that human B cell differentiation from 
IgM production to IgG or to IgA production is largely mediated by independent 
switching events. A distinct IgE switching pathway has been previously suggested by 
the preferential induction of IgE synthesis and IgE helper factors after certain stimuli 
(24-27), by the differential sensitivity of IgG and IgE B cells to certain immuno- 
modulatory regimens (28-31), and by the capacity of mice with xid-determined 
immune defect to produce large amounts of anti-phosphorylcholine (PC) Ab of the 
IgE class but to synthesize poorly anti-PC Ab of IgG and IgM classes (32). An 
exception to this is a recent report suggesting linkage of IgE and IgA expression in 
certain rat B cell populations (33). 

It should be emphasized that although our results suggest that intraclonal switches 
to IgA, IgE, and IgG subclasses may be mediated by distinct pathways, perhaps 
controlled by distinct switching enzymes, they clearly do not indicate that IgM- 
positive B cell precursors are precommitted to one pathway or another. As mentioned 
previously, IgG, IgA, and IgE switching events could be detected within the same 
clone. 

Our data here and elsewhere (5, 7) have shown that the in vivo synthesis and in 
vitro clonal expression ofIgG2 Ab to TNP-Ficoll is strongly influenced by the presence 
of accessory T cells. We have interpreted this as an ancillary effect of T cells on the 
IgG switching pathway. When T cell effects on the clonal synthesis of IgE and IgA 
anti-TNP Ab were analyzed, we found that T cells did not significantly increase the 
clonal frequency of IgE-secreting clones but did significantly increase the frequency 
of IgA-secreting clones. It should be noted that, unlike IgG2a-positive clones, which 
were very infrequently found in the absence of T cells, IgA-positive clones did 
constitute a large proportion of total positive clones in fragments lacking T lympho- 
cytes. It appears that T cells primarily increase the incidence of clones that secrete 
IgA only. Whether they do so by enhancing the immature B cell switch to IgA (18, 
20) or by helping to trigger mature IgA-positive B cell precursors is not clear. 

A number of other investigators (34-37) have shown IgE synthesis to be a very T 
cell-dependent phenomenon. It is possible that our system fails to show this because 
(a) TNP-Ficoll is capable of directly inducing a switch to IgE in the splenic focus 
assay and (b) the population of unprimed donor T cells that we used may be devoid 
of IgE-specific helper cells or may contain a population of suppressor cells for IgE 
synthesis. 
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Although results from the splenic focus assay indicated that a considerable number  
of TNP-Ficoll-stimulated B cell clones produced IgE and IgA ant i -TNP Ab, results 
from an analysis of serum of immune mice revealed minimal or no IgA and IgE anti- 
TNP Ab. A relatively high production of IgA Ab in splenic fragment cultures has also 
been noted in other laboratories (21, 38, 39). Because the variation in results between 
serum analysis and in vitro clonal analysis is so striking, it is worth discussing some 
possible explanations. (a) Although the relatively short in vivo half-lives of IgE and 
IgA (14, 15, 40) may contribute slightly to the low IgE and IgA serum antibody levels 
measured, differential serum clearance cannot be the major explanation. This is 
shown by the fact that the in vitro secretion of IgE and IgA Ab from in vivo 
immunized spleen cells was also found to be lower than the secretion of other isotypes 
(unpublished observations). (b) The observed lower average production of IgE within 
positive clones may contribute somewhat to the fact that IgE was undetectable in 
serum of immune mice but detectable in the splenic focus assay. However, because 
the average production of IgA within positive clones was higher than that of IgG1 or 
IgG2b, such an explanation cannot be responsible for the fact that IgA Ab was so 
poorly represented in immune serum yet well represented in the splenic focus assay. 
(c) The signals that favor switches to IgE and IgA production may be more adequately 
delivered in in vitro cultured splenic fragments than in vivo. (d) In vivo, the sites of 
IgE and IgA Ab secretion vs. IgM and IgG Ab secretion may differ. Indeed, evidence 
exists that the circulatory patterns of IgE- and IgA-bearing B cells may be distinct 
from those of lgM- or IgG-bearing B cells (41-44). Thus, it is possible that, in vivo, 
progeny of TNP-Ficoll responsive splenic precursor cells which switch into IgE or IgA 
production may emigrate from the spleen, relocalize in intestinal lymphatic tissue, 
and secrete their Ab in the gut rather than into the serum. The relatively higher IgE/  
IgG and IgA/IgG ratios observed in the splenic focus assay may be explained by the 
fact that this system precludes cellular migration. 

In concluding this discussion, we should note that the response of B lymphocytes to 
TNP-Ficoll appears to involve only one of the two principal B cell subsets, Lyb-5 ÷ B 
cells. Furthermore, this response appears to be independent of carrier-specific helper 
T cells. 4 Thus, the conclusions concerning the nature of switching events within these 
clones should be limited to responses of these type. Other switching "pathways,"  of 
quite different nature, may be used in responses to classical thymus-dependent or 
type 1 antigens. 

S u m m a r y  

The IgM, IgG subclass, IgE, and IgA anti-trinitrophenyl (TNP) antibody (Ab) 
response of B cells to the type 2 antigen TNP-Ficoll was studied in athymic nude 
mice and in the in vitro splenic focus assay. Results from the splenic focus assay in 
which purified B lymphocyte preparations had been transferred to irradiated ~u/nu 
recipients indicate that many TNP-Ficoll stimulated B cell clones secrete multiple 
isotypes and hence appear to be undergoing intraclonal isotype switching. Although 
the frequency of clones secreting each of the IgG subclasses was found to correlate 
with 5' to 3' Igh-3t gene order, the frequency of IgE and IgA-secreting clones did not 

4 p. K. A. Mongini, D. Longo, and W. E. Paul. T cell regulation of immunoglobulin class expression in 
the B cell response to TNP-FicolI: characterization of the T cell responsible for the selective enhancement 
of the IgG2a response. Manuscript in preparation. 
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appear  to be influenced by the respective position of  Igh-¢ and Igh-a on the chromo- 
some. Unlike clones that  secreted an t i -TNP Ab of  the IgG subclasses, IgE and  IgA 
an t i -TNP Ab-secreting clones did not have a high propensi ty for coexpression of  
isotypes encoded by 5' Igh-C genes. These data  suggest that  three distinct switching 
pathways may  be employed by B cells responding to TNP-FicolI:  a c o m m o n  IgG 
pathway,  an IgE pathway,  and an IgA pathway.  The  presence of  T cells resulted in 
a preferential enhancement  of  the product ion of  an t i -TNP Ab of  those IgG subclasses 
which were least represented in the absence of  T cells, i.e., IgG2b and IgG2a. No 
significant enhancement  of  IgE an t i -TNP clonal frequency was found in the presence 
o f t  lymphocytes,  but  T cells were found to significantly enhance the clonal expression 
of  IgA an t i -TNP Ab. Al though a relatively large number  of  B cell clones were found 
to synthesize IgE and IgA an t i -TNP Ab in the splenic focus assay, relatively little or 
no secretion of  these isotypes was detected in immune  mice. Possible explanations for 
this apparent  discrepancy are discussed. 

Received for publication 18 August 1982. 
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