
sue-specific mRNAs to be sequenced from 
at least some and possibly all tissues, and the 
conservation of sequence through evolution 
allows mRNAs from other species to be 
sequenced without cloning. In addition, the 
transcript can be translated in vitro, thereby 
allowing the intact protein or any desired 
segment to be produced. 
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Expression of H i g h - m i t y  Binding of Human 
Immunoglobulin E by Transfected Cells 
LARRY MILLER, ULRICH BLANK, HENRY METZGER, 
JEAN-PIERRE KINET 

The receptor with high afiinity for immunoglobulin E (IgE) on mast cells and 
basophils is critical in initiating allergic reactions. It is composed of an IgE-binding a 
subunit, a 0 subunit, and two y subunits. The human a subunit was expressed on 
transfected cells in the presence of rat and y subunits or in the presence of the y 
subunit alone. The IgE binding properties of the expressed human a were characteris- 
tic of receptors on normal human cells. These results now permit a systematic analysis 
of human IgE binding and a search for therapeutically useful inhibitors of that 
binding. 

T HE HIGH-AFFINITY RECEPTOR FOR 

IgE (Fc,RI) plays a central role in 
initiating allergic reactions by cou- 

pling the presence of allergen to the release 
of mediators by mast cells and basophils. 
Using basophilic leukemia (RBL) cells, we 
showed that Fc,RI in the rat is a tetramer 
consisting of a single IgE-binding a sub- 
unit, a single P subunit, and two disulfide- 
linked y subunits (1). Little is known about 
the human Fc,RI because obtaining suffi- 
cient numbers of normal mast cells and 
basophils is impractical and because no sta- 
ble cell lines expressing high-affinity recep- 
tors for human IgE exist as yet. Knowledge 
about the structure and function of the 
human receptor will be critical for determin- 
ing whether this protein can serve as an 
appropriate target for new therapeutic ap- 
proaches to allergy, for example, by inhibit- 
ing IgE binding or the earliest steps in 
receptor activation. 

Our aim therefore was to obtain expres- 
sion of human IgE binding by transfected 
cells. The cDNA for the IgE-binding human 
a subunit has been cloned but could not be 
expressed in transfection experiments (2, 3). 
Possibly, as with the homologous rat a ,  
expression requires cotransfection with the 
cDNA for the P (4) and y subunits (5 ) .  
However, the library from which the cDNA 

for human a was obtained has not yet 
yielded cDNA clones for human P and y (6 ) ,  
and indeed the cell line used to construct 
that library fails to bind IgE (7). We there- 
fore attempted to express human IgE bind- 
ing by cotransfecting cells with the cDNA 
for the human a subunit together with the 
cDNA for rat P or y subunits, or both. 

A 907-bp Sfa NI fragment was excised 
from the cDNA that codes for the a subunit 
of the human IgE receptor and subcloned 
into the vector pSVL for expression by 
transfected COS 7 cells. This fragment in- 
cludes the entire sequence coding for a plus 
a minimal amount of 5' and 3' untranslated 
sequence. The pSVL-human a cDNA was 
cotransfected along with separate pSVL 
plasmids containing cDNAs coding for the 
rat p and y subunits. When these transfec- 
tants [aH(py)R cells] were reacted with 
mouse monoclonal IgE (specific for dinitro- 
phenyl), 5% to 7% of cells formed rosettes 
with trinitrophenylated red blood cells. 
Cells cotransfected with a~ and PR failed to 
form rosettes, but ( Y H ~ R  transfectants 
showed rosetting (Table 1). The latter result 
was unexpected because we had found earli- 
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er that ex~ression of transfected cDNA for 
the rat a required cotransfection with both 
rat p and y (5)  (Table 1).  

Both a H ( P y ) ~  and a ~ y ~  transfectants 
failed to form rosettes when non-antigen- " 
specific rat or human IgE was added in 
excess before the cells were incubated with 
the hapten-specific mouse IgE. These results 
are consistent with the species specificity for 
IgE expressed by the human high-at?inity 
receptor (8). 

Binding of human IgE to hybrid human- 
rat receptors was also studied directly by 
adding '25~-labeled human IgE to the trans- 
fected cells. By dividing the total number of 
receptors binding '25~-labeled IgE by the 
number of rosette-forming cells in each 
transfected cell preparation< one could de- 
termine that cells transfected with either 
aH(py)R or ( Y H ~ R  expressed as many as 
1 x lo6 to 1.5 x lo6 cell surface receDtors. 
This calculation is based on the assumption 
that rosetting cells were the only ones to 
express any receptors (an assumption that 
may not be literally true). Binding was 
completely inhibited by the presence of un- 
labeled human or rodent IgE. No direct IgE 
binding was observed with cells transfected 
with only a~ or with aHPR, thus confirming 
the results obtained in the rosetting assay. 

The association rate constant (k+i) for the 
binding of human IgE was estimated by 
monitoring the initial rate of interaction of 
'2S~-labeled human IaE with the transfected " 
cells. The rate of association with receptors 
on cells and CXHYR cells was similar 
(Fig. 1A). Using the equation k+' = 

V~[I~EIO[RIO,  where [IgEIo, [RIo, and VO 
refer to the starting concentrations and to 
the initial rate, we estimated k+' 2 SD to be 
(0.9 * 0.07) x 1 0 ' ~ - '  s-' at 25°C. 

We also measured the dissociation rate 
constant (k-'). The dissociation rate of 
bound IgE from both transfected a H ( P 7 ) ~  
and a ~ y ~  cells resembled the dissociation 
rate of '25~-labeled mouse IgE from the 
endogenous receptors on @L cells (Fig. 
1B). From the slopes of the plots shown in 
Fig. lB, we estimated k-'  * SD to be 
(1 t 0.17') x lo-' s-' under the condi- 
tions used. The equilibrium association con- 
stant (k+ 'Ik- ') calculated from our data is in 
the range 0.83 x 1 0 ' 0 ~ - '  to 1.0 x 
1 0 ' O ~ - ' .  Together these data show that 
transfected hybrid human-rat receptors ex- 
hibit binding properties charactiristic of 
high-affinity Fc, receptors (8, 9) (Table 1). 

The studies discussed so far indicated that 
cotransfection with the cDNAs for rat sub- 
units was required for expression of the 
cDNA for a ~ ,  but did not prove that the 
human and rat subunits weie actuallv ex- 
pressed as a hybrid oligomeric receptor. To 
determine this, we first incubated cells with 

excess 125~-labeled human IgE, then washed 
and solubilized them. The centrifuged ex- 
tract was immunoprecipitated with a mono- 
clonal antibody (JRK) that reacts specifical- 
ly with the P chain of the rat high-affinity 
receptor (10). In cells transfected with 
aH(py), we were able to precipitate at most 
20% of receptor-bound IgE with the anti- 
body to the P chain (anti-p), whereas in 

control experiments run in parallel on RBL 
cell extracts, 80% of receptor-bound 12'1- 
labeled mouse IgE was precipitated. 

We performed various experiments to dis- 
cover the basis for this difference. It was 
possible that an excess of P chains, or some 
other change in the transfected cells, pre- 
vented effective irnmunoprecipitation of chi- 
meric receptors. We explored this possibility 

labeled h ~ r n a n ~ 1 ~ ~  (2.5 k&ml) for 1 hour at 25°C. 
RBL cells (A) were loaded with 1251-labeled mouse 

0.7 
4 12 9n 

Fig. 1. Association and dissociation kinetics for 
the interaction of IgE with transfected cells and 
RBL cells. (A) Rate of association of human IgE 0.4 -- 

- -" 
IgE (2.5 'k&ml). At various times, cells were 
pelleted through phthalate oil ( 17 ) ,  and the cell- Time (lo3 s) 

bound IgE was assayed. Nonspecific b iding of 
IgE, estimated by addition of unlabeled human or mouse IgE to the cells before addition of the appropriate 
labeled IgE, represented 0.1% to 0.3% of the added IZ5I-labeled IgE and was subtracted from the total 
binding. Data points represent the mean of at least duplicate measurements. Error bars represent standard 
deviations of individual data points. Error bars for the RBL cell data have been omitted for clarity but were 
comparable to those presented for the transfected cells. The line drawn through the data points represents a 
first-order regression analysis for the entire data set. 

A 

Table 1. Binding characteristics of transfected and endogenous receptors. COS 7 cells were transfected 
with 80 kg of DNA by electroporation with a Bio-Rad Gene Pulser apparatus by the method 
recommended by the manufacturer or with 40 kg of DNA by a standard Capo4 precipitation technique 
(15). After 48 hours, transfected cells were sensitized with anti-dinitrophenyl IgE as described 
previously (5)  and rosetted with ox red blood cells modified with 2,4,6-trinitrobenzene sulfonic acid as 
described by Rittenberg et al. (16). All of the binding constant data are for human IgE except for 
experiments with RBL cells in which rat IgE was used. The values are for binding at 25°C. Values in the 
table for k+ and k- I represent the mean of calculated values from two to four experiments t SD. For 
K,, the SD was propagated from the standard deviations for the ratio of the two rate constants (k+ 
kkl). Abbreviations: H, human; R, rat; Ro, rodent; a dash indicates that no binding was observed; NA, 
not assayed. 

with a~(@?) ,  and a ~ ? ,  cells. The binding ability 
and initial rate of association of 1251-labeled human 
IgE (2.5 P W )  with ~ H ( P ? ) R  (@) and ~ H ? R  ( 0 )  
cells (5 x lo6 cells per milliliter) were measured at 0.2 -- 
25°C (9). Values are the means of mplicate mea- 
surements, and error bars represent standard devi- 5 
ations of individual data points. Data points corre- 
spond to the amount of IgE bound at each time, 3 

divided by the amount bound after 2 hours of 
incubation. Nonspecific binding of IgE, estimated - 0.2 0.6 1 .O 

by incubating cells with unlabeled human IgE (200 
pgiml) and then with 1251-labeled IgE, was sub- % 
tracted from total binding at each time point. The 2 
line drawn through the data represents a first-order 
regression analysis for the entire data set. (B) 0.9 
Dissociation of receptor-bound IgE from transfect- 
ed cells and RBL cells. The dissociation reaction 
was measured basically as described by Kulqcki  0.8 
and Memger (9). a ~ ( ? d ~  ( 0 )  or ~ H Y R  (0) cells 
(5 x lo6 cells per milulter) were loaded with IZ5I- 

!gE 
Percent- Binding constants 

Cell age of 
bind- ing rosetting k + l  k- I K, 

cells ( l o 5 ~ - '  S - I )  (lo-5 S-I) ( ~ o ~ o M - ' )  

a H  

~ H P R  
~ H ? R  

a ~ ( P ? ) ~  
a, 

RBL* 
Human basophilst 

*Data for RBL are from (9) .  tData for human basophils (8) have been corrected for temperature with the same 
temperature factor determined in (9) .  
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by performing immunoprecipitation experi- 
ments with mixtures of extracts from RBL 
and transfected cells, in which only one or 
the other cell type had been preloaded with 
'25~-labeled IgE. The results showed that the 
presence of extract from COS 7 cells trans- 
fected with aH(py)R did not prevent or 
reduce the precipitation by anti-p of recep- 
tor-bound IgE derived from RBL cells (Fig. 
2A), and the presence of extract from RBL 
cells did not enhance the precipitability of 
receptor-bound IgE in extracts from the 

Fig. 2. Coimrnunoprecipitation of receptor- 
bound IgE by anti-p. (A) Coimmunoprecipita- 
tion of receptor-bound IgE from mixtures of 
( Y ~ ( P Y ) ~  and RBL cells. (A), Transfected COS 
cells (1 x lo7 in 1 ml) were loaded with Iz5I- 
labeled human IgE (5 pglml) for 1 hour at 25"C, 
washed in complete medium, mixed with 2 x lo6 
RBL cells loaded with unlabeled mouse IgE, 
washed again, and solubilized with 10 mM 
CHAPS (15 min on ice) (18). The extracts were 
centrifuged 15 min at 4°C in an Eppendod 
microfuge and then reacted for 2 hours (4°C) 
with varying concentrations of monoclonal anti+ 
(JRK). After an additional 2-hour incubation 
with a fivefold molar excess of rabbit antibody 
directed against mouse IgG-Fc (Jackson Irnrnuno- 
chemicals, West Grove, Pennsylvania), treated 
extracts were immunoprecipitated with Pansorbin 
(Calbiochem). Data points correspond to the 
fraction of receptor-bound IgE precipitated at 
each concentration of anti-P. ( e )  RBL cells (2 x 
lo6 in 1 ml) were loaded with '251-labeled mouse 
IgE (5 pglml), mixed with transfected COS cells 
loaded with unlabeled human IgE, and treated as 
described above. (9) Coimmunoprecipitation of 
receptor-bound IgE from mixtures of COS cells 
transfected with ((Ypy)R and RBL cells. (A) 
Transfected cells (1 x lo7 in 1 ml) were loaded 
with '251-labeled mouse IgE (5 pglml), mixed 
with 2 x lo6 RBL cells loaded with unlabeled 
mouse IgE, and treated as described in (A). ( e )  
RBL cells (2 x lo6 in 1 ml) were loaded with 
'2s~-labeled mouse IgE (5 pgiml), mixed with 
1 x lo7 transfected cells loaded with unlabeled 
mouse IgE, and treated as described. Data are 
individual precipitations from single transfected 
cell preparations. Precipitation profiles from at 
least one additional preparation were comparable. 

a H ( P y ) ~  cells. That the transfection proce- 
dure itself is not the critical factor is shown 
by the data in Fig. 2B; that is, receptor- 
bound IgE in extracts from cells transfected 
with all three rat subunits, (apy)R, was as 
precipitable (Fig. 2B) as the analogous IgE 
bound to the endogenous receptors from 
RBL cells (Fig. 2B). 

Oligomeric rat receptors are rela- 
tively unstable in the detergents required to 
solubilize them (11, 12). Chimeric receptors 
such as a H ( P y ) ~  or (YHYR might be even 
more unstable. If so, one would anticipate 
that compared to native rat receptors, aiYR 
would be poorly precipitable by anti-y be- 
cause p and y always dissociate equivalently 
from (apy)R (10, 12). However, IgE bound 
to cells transfected with CXHYR was as precip- 
itable as that bound to (spy), (Fig. 3) and 
therefore appears to be as stable as the native 
rat receptor. Thus the poor precipitability 
by anti-p of 1251-labeled IgE bound to cells 
transfected with aH(py)R is likely due to a~ 
being expressed as u H ( P y ) ~  and-aHyR alter- 
natively on such cells (13). 

The unexpected finding that a~ can be 
expressed without P, whereas aR--wh0se 
transmembrane segment in particular is sub- 
stantially homologous to aH--can only be 
expressed as (apylR (S), may prove useful. If 
analyzed in detail, it may provide further 
insights into how the subunits interact with 
each other to form the complete receptor. 

With respect to the assembly of the recep- 
tor we note a curious finding. We recently 
detected a substantial homology between 
the ~utative transmembrane and-&mediate- 
ly surrounding segment (but not elsewhere) 
of the y chain of Fc,RI and the 5 (zeta) 
chain of the CD3 complex on T lympho- 
cytes; 17 of 29 amino acids (49 of 87 
nucleotides) are identical between the two 
and notably the transmembrane aspartic acid 
residue is preserved (5, 14). Like y of Fc,RI, 
two 5 chains are thought to be disulfide- 
linked to each other via transmembrane 
cysteines and appear to promote the expres- 
sion of the other subunits of the CD3 
complex. It would be interesting to explore 
whether, because of its homologous trans- 
membrane segment, the 5 chain could sub- 
stitute for y in assisting the expression of the 
a chain of Fc.RI. 

From the perspective of allergic phenom- 
ena, the most important aspect of our ex- 
~erimental results is that & ability to ex- 
press human IgE-binding receptors now 
permits the development of in vitro assay 
systems to screen for possible inhibitors of 
binding of human IgE. Production of a 
stably transfected cell line would be most 
useful for such studies, and we have isolated 
at least one such cloned line by transfecting 
CHO cells. However, surface expression of 

Anti-y (yglml) 

Fig. 3. Coimrnunoprecipitation of receptor- 
bound IgE by anti-y. a ~ y ~  cells (1 x lo7 in 1 ml) 
were loaded with '251-labeled human IgE (5 
p,g/ml) for 1 hour at 25°C and mixed with 
0.75 x lo6 RBL cells loaded with mouse IgE (5 
p,g/ml). A second set of cells were loaded and 
mixed at the same concentrations with '''1-la- 
beled mouse IgE for RBL and unlabeled human 
IgE for the transfected cells. Cell mixtures were 
washed and solubilized at 2 x lo7 cells per millili- 
ter as described in Fig. 2. Centrifuged extracts 
were reacted with a polyclonal antibody prepared 
against a synthetic peptide corresponding to resi- 
dues 41 to 47 of the rat y sequence (5). $A) 
Coimrnunoprecipitation of receptor-bound ' 'I- 
labeled human IgE from a,yR cells in presence of 
mouse IgE-loaded RBL cells. (e) Coimmuno- 
precipitation of receptor-bound 1251-labeled 
mouse IgE in extracts from RBL cells in the 
presence of extracts of a ~ y ~  cells loaded with 
unlabeled human IgE. The data points presented 
in this figure are single precipitation points from 
one transfected cell preparation. 

receptors in this particular clone has been 
hiahlv variable. The transient transfection " ,  
system can be used for screening inhibitors 
on a laboratory scale and for studying site- 
s~ecific mutants of rece~tor subunits. ~ u t a -  
genesis of the a chain, for example, may help 
to establish points of contact between hu- 
man IgE &d a, thereby assisting in the 
rational design of inhibitors of binding. 
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Activation of an Excluded Immunoglobulin 
Allele in a Human B Lymphoma Cell Line 

Mature B cells that express surface immunoglobulin (Ig) are usually committed to 
their original Ig product. I t  was shown that such a cell can replace its light chain by 
rearranging and expressing a new light chain from the other allele. Anti-idiotype 
antibodies were used to isolate idiotypic variants from a surface IgM+A+ human B cell 
tumor line. The variants expressed a new A light chain. Both the original and the new A 
transcripts were present in the variant cells, but only the new one was expressed as a 
protein on the cell surface. Therefore, although the cell exhibited allelic exclusion and 
had only one Ig receptor at a time, the commitment to  a particular light chain gene was 
reversible. 

F UNCTIONAL IG GENES ARE CREATED 

during B cell differentiation by the 
rearrangement of discrete germ line 

gene segments (1). Once formed, these rear- 
ranged Ig genes can be further altered dur- 
ing clonal evolution to give rise to a diverse 
repertoire of antibody-producing cells. 
Three different mechanisms have been de- 
scribed by which the combining site of the 
Ig product of a B cell may be modified. 
These include ongoing Ig gene rearrange- 
ment (2) and replacement of the variable 
(V) region of previously rearranged Ig genes 
(3) in pre-B cells and point mutation in B 
cells (4).  We now report an additional ge- 
netic mechanism of variation occurring in a 
human B lymphoma cell line, the activation 
and expression of the other allele. 

We isolated rare variants of a surface 
IgM'h' cell line derived from a patient 
with a dif ise large cell lymphoma (5) that 
had altered idiotypic structures. Three phe- 
notypic groups of clonally related variants 
were isolated by two-color cell sorting. Vari- 
ants showed either a complete loss of reac- 
tivity, a partial loss of reactivity, or varied 
reactivity with a panel of different anti- 
idiotype antibodies. To confirm that these 
variants were indeed unique, their Igs were 
examined by two-dimensional gel electro- 

phoresis. A representative clone from each 
of the three groups expressed heavy chains 
that were indistinguishable, but light chains 
of slightly different apparent molecular size 
and isoelectric mobility (Fig. 1A). Variation 
in the A light chain gene was also documented 
by DNA blot analysis of wild-type and variant 
DNA with a CA probe. The three variants 
shared a rearranged band not present in the 
DNA of the parental cell (Fig. 1B). 

To understand the molecular basis for this 
light chain heterogeneity, we cloned and 
sequenced the V-region cDNA from the 
parental cell and from two idiotype-negative 
variants. A transcript (T l )  was expressed by 
the parental cell that coded for an unusual A 
light chain protein, in that position 88 
contained aspartic acid rather than the in- 
variant cvsteine residue. An identical tran- 
script was also found in each of the variants. 
However, the variant cells expressed, in 
addition, a second transcript (T2). The V 
and joining (J) regions of T l  and T2 were 
different (Fig. 2). In addition, the constant 
(C) region of T2 differed at amino acid 119 
from the C region of T1  by one nucleotide 
of the 80 bases sequenced (CCA instead of 
CCG) . 

To determine whether a T2 was expressed 
in the parental cell, we made probes from V- 

region fragments unique to each transcript 
(indicated in Fig. 2). These probes distin- 
guished between V regions when tested on 
phage DNA containing these genes. Mes- 
senger RNA from the parental cell and from 
three idiotype-negative clones was examined 
by RNA blot analysis with T1- and T2- 
specific probes and with a human actin 
control probe (Fig. 3). T 1  was expressed by 
all three idiotype-negative clones, as well as 
by the parental cell. When corrected for 
differences in mRNA loaded on the gel, as 
indicated by the actin probe, no differences 
were seen in T 1  expression in the variants as 
compared to the parental cell. In contrast, a 
T2 was expressed only by the idiotype- 
negative variants and not by the parental 
cell. 

Further evidence that the variants were 
expressing a A Ig transcript different from 
that of the parental cell was obtained by a 
serological analysis of the protein. Flow 
cytometry was performed on the parental 
cell and on variants C5 and C14 with mono- 
clonal antibody 14 D l ,  which differentiates 
between AC region allotypes Kern-Oz- and 
Kern-Oz' ( 6 ) .  The two variants both react- 
ed with 14D1, which indicated that they 
used AC region Oz-, whereas the parental 
cells were unreactive (Fig. 4). 

All idiotype-negative clones expressed T2 
even though the variants were phenotypical- 
ly distinct and produced light chain proteins 
that migrated differently on two-dimension- 
al gels. We compared the sequences of T2 
from idiotype-negative variants C14 and C5 
(Fig. 2). The two clones had identical V, J, 
and C regions. The sequences differed from 
each other by seven nucleotides at the V-J 
junction, resulting in two amino acid differ- 
ences between the two uroteins. Exceut for 
this junctional difference, the V-region se- 
quences of the T2 transcripts were identical. 
Likewise, V-region sequences of T 1  tran- 
scripts from the parental cells, from an idio- 
type-positive clone, and from the two vari- 
ants were all identical. Therefore. there was 
no evidence for somatic hypermutation in 
this cell line. 

We have shown that a mature B cell can 
rearrange a second light gene at a different 
allele even though it had originally produced 
a functional surface Ig product. Although 
rearrangements often occur during B cell 
development on both Ig alleles, the ex- 
pressed Ig protein is usually produced from 
only one allele (7) .  This phenomenon has 
been referred to as allelic exclusion (8). In 
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