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The expression of interferon-y (IFN-y) receptors on normal human B cells and four 
B cell lines was studied. Recombinant human IFN-y was labeled with [y- 32P]ATP 
using the catalytic subunit of a cAMPdependent protein kinase. All four B cell lines, 
although differing in their responsiveness to IFN-7, were found to express high- 
affinity receptors (1,000-1 1,OOO receptors/cell). Normal unactivated B lymphocytes 
were also found to express constitutively high-affinity receptors, approximately 1,400 
receptors per cell with an estimated affinity of 295 pM. Activation of the normal B 
cells in vitro with the polyclonal B cell activator, Staphylococcus aureus Cowan 
strain I (SAC), resulted in a slight decline in receptor number and a more pro- 
nounced fall in receptor density. One of the B cell lines and unactivated normal B 
cells were shown to internalize labeled IFN-y rapidly. Chemical cross-linking of 
"P-IF"-y to the CB B cell line and to freshly isolated B lymphocytes revealed one 
major cross-linked receptor-ligand complex which had an estimated molecular 
weight of approximately 110 kilodaltons. This complex corresponded to a 93 kD 
receptor cross-linked to recombinant IFN-y. Our data indicate that normal B 
lymphocytes constitutively express an approximately 93 kD IFN-y receptor which is 
similar to the receptor present on Epstein-Barr virus-transformed B cell lines. 

Key words: y-interferon, receptors, B lymphocytes internabtion 

The interferons (IFN) are a family of proteins (a, p, and y) classically defined by 
their antiviral activity [I] .  IFN-y is a product of activated lymphocytes, is structurally 
and functionally different from IFN-a and IFN-p, and is known to bind to a distinct 
receptor [2-lo]. In addition to its antiviral activity, IF'N-y modulates a variety of 
immunological processes including in vitro B lymphocyte function. 
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Models of mature B cell function propose that B cells reside in distinct states- 
resting, activated, proliferating, and immunoglobulin (Ig) secreting. Transitions between 
these states are thought to be controlled by a variety of signals, including soluble factors 
secreted by T cells [ 1 1-1 31. Functional studies of IFN-y effects on human B cells have 
demonstrated a potential role for it in regulating B cells in each of these phases. For 
example, the preincubation of resting B cells with IFN-y for 24 h enhances their 
subsequent proliferative response to anti-Ig stimulation [ 141. Furthermore, although 
IFN-y is traditionally considered to be an antiproliferative factor, it has been shown to 
costimulate with anti-p in the induction of B cell proliferation and to maintain weakly the 
proliferation of B cells previously stimulated by Staphylococcus aureus Cowan strain I 
(SAC). Thus, an effect of IFN-.y has been demonstrated on both activated and 
proliferating B cells [15,16]. Finally, the addition of IFN-y to interleukin-2 (IL-2) has 
been shown to enhance significantly Ig secretion by both SAC-activated B cells and an 
Epstein-Barr virus (EBV)-transformed B cell line when compared to the enhancement 
with IL-2 alone [ 17-19]. IFN-y has also been shown to modulate murine B cell function, 
including the regulation of Ig isotype production [20-221. 

These findings of multiple effects of IFN? on human B cell function led us to 
examine the expression of IFN-y receptors on normal B cells and various B cell lines, 
including a cell line previously shown to be responsive to IFN-y. Additionally, we have 
partially characterized the receptor on normal B cek and B cell lines by ligand-receptor 
cross-linking studies. 

MATERIALS AND METHODS 
Chemicals and Reagents 

Dithiothreitol was purchased from Calbiochem-Behring (La Jolla, CA). Acryla- 
mide, N,N-methylenebis-acrylamide, and sodium dodecyl sulfate (SDS) were ob 
tained from Bio-Rad (Richmond, CA). [T-~’P]ATP with a specific activity of 5,000 
Ci/mmol (185 TBq/mmol) was purchased from Amersham Co. (Arlington Heights, 
IL). The catalytic subunit of cyclic AMP-dependent protein kinase from bovine heart 
muscle with a specific activity of 20,000 U/ml was obtained from Sigma Chemical Co. 
(St. Louis, MO). SAC was purchased from Bethesda Research laboratories (Gaithers- 
burg, MD), and disuccinimidyl suberate (DSS) was obtained from Pierce Chemical Co. 
(Rockford, IL). Ficoll-Paque and Sephadex G- 10 were purchased from Pharmacia 
(Piscataway, NJ). 

Cell Lines 
The EBV-immortalized cells lines-CB, CESS, and SKW6.4-were maintained 

in RPMI 1640 with 10% fetal calf serum (FCS) (GIBCO, Grand Island, NY) at a cell 
density of 1 x lo5 to 1 x 106/ml. CB was established in this laboratory from a normal 
individual as described [23]. It expresses Tac-Antigen (30-40%), surface IgG (30-  
60%), and Epstein-Barr virus (EBV) nuclear antigen, but does not express p19 (human 
T cell leukemia virus- 1 -associated surface antigen) [ 241. CB differentiates in response to 
IL-2 and I F N y  synergistically [ 181. CESS and SKW6.4 are cell lines which are able to 
differentiate in response to B cell stimulatory factor-2 (BSF,) [25,26]. The human 
Burkitt lymphoma cell line Raji and U937 which was originally established from a 
patient with histiocytic lymphoma, were maintained as above. 
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Normal Human B and T Cell Preparation 
Venous blood was obtained from normal volunteers, and mononuclear cells (MNC) 

were isolated by the standard Ficoll-Paque density gradient centrifugation method. 
2-Aminoethylisothiouronium bromide-treated sheep red blood cells (AET-SRBC) rosette- 
negative cells were separated from MNC by Ficoll-Paque centrifugation. Macrophages 
were depleted by passage over Sephadex G- 10 columns. These B cell preparations were 
72% f 9% sIg+, consistently less than 2% esterase positive, and less than 1% OKT3 
positive. To obtain SAC-activated B cells, these B cells were cultured with SAC 
(1:25,OOO) for 3 or 5 days, and viable cells were obtained by Ficoll-Paque centrifugation. 
Tonsillar B cells were prepared as previously described [ 271. The tonsillar B cells were 
greater than 95% sIg+, less than 1% OKT3+, and less than 1% esterase positive. AET 
positive cells were used as T cells and activated with phytohemagglutinin for 2 days. 

Labeling of Human IFN-y With [y3*P]ATP 

Recombinant human IFN-y was a generous gift from Genentech Inc. (South San 
Francisco, CA). The phosphorylation of IFN-y was performed according to the method 
described by Rashidbaigi et al. [28]. In brief, 2 pg of IFN-y, were incubated at 37OC for 
15 min with 1 mCi of [T-~,P]ATP and 10 U of the catalytic subunit of CAMP-dependent 
protein kinase from bovine heart muscle in 30 pl of 20 mM Tris HCl (pH 7.4), 1 mM 
dithiothreitol, 100 mM NaC1, and 12 mM MgCl,. The reaction was stopped by the 
addition of 1.0 ml of 1 mg/ml bovine serum albumin (BSA) (Sigma) in a buffer 
containing 10 mM EDTA, 10 mM sodium phosphate, 10 mM sodium pyrophosphate, 
pH 7.0 (PPE). The ',P-labeled IFN-y was dialyzed against 3 liters of PPE overnight at 
4"C, and then against 1 liter of PPE for 4 h. The specific activity of 247.7 pCi/pg was 
calculated based on an estimated 10% loss of IFN-y during dialysis. [32P]IFN-y v w  
apportioned into 100 pl fractions, frozen, and stored at - 7OOC. SDS-PAGE of [ 32P] IF N- 
y was performed on a 15% slab gel by the method of Laemmli [29]. 

Binding Assay of [32P]IFN-y 
The IFN-y binding assay was performed according to the methods described by 

Rashidbaighi et al. [28], and Robb et al. [30], although slightly modified. A total of 1 x 
lo6 cells were preincubated in the presence or absence of 5 x lo-* M unlabeled IFN-y 
for 30 min at 4°C in a total volume of 100 p1 of medium (RPMI 1640 supplemented with 
10% FCS) in 1.5 ml of Eppendorf microtest tubes (Brinkman Instrument, Westbury, 
NY). After preincubation, serial dilution of [32P]IFN-y were added to the cells and they 
were incubated at 4OC for 120 min. Subsequently, 1 ml of ice-cold medium was added to 
each tube, and the cells were spun down at 10,OOOg for 30 sec in an Eppendorf model 
5414 centrifuge (Brinkman instrument). The cell pellet was resuspended in 100 p1 of 
medium and centrifuged at 10,OOOg for 90 sec through a 200 pl layer of mixture of 84% 
silicon oil and 16% paraffin oil (Fischer Scientific Co., Philadelphia, PA) in a 0.4 ml 
polyethylene tube (Bio-Rad). The tips of the tubes containing the cell pellet were cut off, 
resuspended in 100 p1 of 1% SDS, and counted in a scintillation counter. Specific binding 
was calculated by subtracting the amount of nonspecific binding. The affinity and 
number of binding sites were calculated by Scatchard analysis of the binding curves 
[3 11. The molecular weight of monomeric IFN-y was used in the calculations. 
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Internalization of Surface-Bound [32P]-IFN-y 

The internalization procedure was performed according to methods described by 
Anderson et al. [32] and Klausner et al. [33], with slight modification. Cells (1 x lo7/ 
ml) were incubated in the presence or absence of 5 x lop8 M unlabeled IFN-y for 30 
min at 4°C in RPMI 1640-BSA (25 mM Hepes, pH 7.2,5 mg/ml BSA). [32P]IFN-y 
was added to the cells at a final concentration of 1 x 10-'oM, and after a 2 h incubation 
at 4OC, the cells were washed with ice-cold RPMI 1640-BSA. The cells were resus- 
pended with prewarmed RPMI 1640-BSA containing chloroquine at 200 pM, and 
incubated at 37OC. After various lengths of incubation (0-60 min), 1 x 1 O6 cells (100 p1) 
were removed from the culture and added to 100 pl of 0.25 M acetic acid/0.5 M NaCl 
(pH 2.3). After 5 sec, 50 pM of 1 M sodium acetate was added, to return the pH to 6.0, 
and the cells were immediately spun through the silicon/paraffin mixture. Cell recovery 
was unaffected by the exposure to acid, and the incubation with the acid for longer times 
did not alter the amount of ligand released. In parallel 150 pl RPMI 1640 was added to 
the cells instead of acid treatment and the cells spun through the silicon/parafin mixture. 
Data shown in Table I1 were calculated by subtracting nonspecific binding (cpm in the 
presence of cold IFN-7) from each of the samples. 

Cross-Linking of [32P]IFN-y to the Cell Membrane and SDS-PAGE 
Analysis 

A total of 2.0 x lo7 cells (CB cells or normal tonsil B cells) were washed with 
ice-cold RPMI 1640 supplemented with 2% FCS, 25 mM Hepes, pH 7.4 (binding 
medium). Then the cells were incubated in 1 ml of this media with 500 pM [32P]IFN-y 
for 2 hr at 4°C on a rotor. In parallel, control cells were incubated with a 100-fold excess 
of unlabeled IFN-7. Following the incubation, the cells were washed with cold media, 
resuspended in 1 ml of cross-link buffer (PBS, 1 mM MgCI,, 0.02% NaN, pH 8.3), and 
10 pl of 10 mg/ml DSS in dimethylsulfoxide (DMSO) was added. The cells were 
rotated for 30 min at room temperature and then washed 3 times with cold PBS. The 
cross-linked cells were lysed with a 1 % Nonidet P-40 (NP40) buffer containing 1 50 mM 
NaCl, 10 mM Tris pH 7.4, and 1 mM phenylmethylsultonylfluoride (PMSF). The cell 
lysates were immunoprecipitated with a polyclonal anti-IFN-y (Interferon Sciences, 
New Brunswick, NJ) antibody coupled to protein A-Sepharose. The immunoprecipi- 
tates were washed twice with the lysis buffer resuspended in SDS sample buffer, boiled 
for 5 min, and subjected to SDS-PAGE [29]. 

RESULTS 
Characterization of [32P]IFN-y and Its Binding to U937 Cells 

Recombinant IFN-y was phosphorylated with [Y-~~P]ATP and a bovine heart 
protein kinase according to the method described by Rashidbaigi et al. [28]. This method 
allows the preparation of radiolabeled interferon of very high specific activity yet without 
loss of biologic activity. Analysis of the phosphorylated interferon by SDS-PAGE and 
autoradiography revealed a single band with an estimated molecular size of 17 kD (Fig. 
1). Longer exposure revealed a band at 34 kD corresponding to the dimeric form of IFN 
(data not shown). 

Next control experiments were performed with U937 cells, a cell line previously 
used in IFN binding studies. U937 cells were incubated with increasing concentrations 
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Fig. 1.  SDS-PAGE of [3zP]IFN-y. Human recombinant IFN-y was labeled with "P and analyzed by 
SDS-PAGE as described in Materials and Methods. 

of [32P]IFN-y varying from 6 x M. Nonspecific binding was 
determined in the presence of 5 x lo-' M unlabeled IFN-y. Scatchard analysis of the 
binding data revealed 2,200 binding sites per cell with an estimated affinity of 173 pM 
(Fig. 2). These results are in agreement with binding data from U937 cells reported by 
Rashidbaigi et al. (1,800 sites per cell with a kd of 150 pM) [28]. In order to assess the 
binding ability of the [32]IFN-y, an increasing number of U937 were incubated with a 
constant amount of [32P]IFN-y (8 x 10-"M). Specific binding increased with increas- 
ing cell number until saturation occurred, at which point 80% of the added [32P]-IFN-y 
was observed to be bound to the cells (data not shown). 

Equilibrium Binding of [32P]IFN-y to Human B Cell Lines and Normal B 
Cells 

Four B cell lines-CB, CESS, SKW6.4, and Raji-were examined for the 
expression of IFN-y receptors. The CESS and SKW6.4 B cell lines have been shown to 
respond to a B cell differentiation factor, BSF2, by increased Ig secretion [25,26]. The 
CESS cell line is unresponsive to either IL-2, IFN-y, or the combination, while the 
SKW6.4 cell line responds to IL-2, but only when IL-2 is present at high concentrations 
[ 17,341. The CB cell line expresses low levels of the Tac antigen, one component of the 
IL-2 receptor, and responds to IL-2 with increased Ig secretion which can be further 
augmented by the addition of IFN-y [18]. Finally the Raji cell line is unresponsive to 
IL-2, IFN-y, and BSF2 (J. Kehrl, unpublished observation). Scatchard analysis of the 
binding data obtained with CESS and CB cells is shown in Figure 3 and the results of the 

M to 6 x 
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Fig. 2. Equilibrium binding of [32P]IFN-y to U937 cells. The binding assay was performed as outlined in 
Materials and Methods. The broken line (open triangles) is the specific binding calculated by subtracting 
nonspecific binding (open circles) from total binding (closed circles). Each pints represents the mean of 
duplicate determination. Inset: Scatchard analysis of the binding data. 

Scatchard analysis of the binding data with SKW6.4 cells and Raji cell are presented in 
Table I .  CESS and SKW6.4 have approximately 1,000 receptors per cell while Raji cells 
and CB cells have tenfold more receptors. All the cell lines have similar affinities for the 
radiolabeled interferon, although somewhat surprisingly, the CB cell line has the lowest 
affinity of the four cell lines examined. 

We next examined the expression of IFN-y receptors on normal peripheral blood 
B cells. Previous functional studies had shown an effect of IFN-y on unactivated B cells, 
suggesting that the receptor should be constitutively expressed on them [14]. A [32P]- 
I FN-y binding assay demonstrated the presence of IFN-y receptors on purified periph- 
eral blood B cells, and Scatchard analysis of the data revealed a similar number of 
receptors per cell and estimated affinity as was observed with SKW6.4 and CESS cells. 
Since the density of many receptors is increased following B cell activation, the effects of 
SAC-activation upon receptor levels was examined. Following 3 and 5 days of culture in 
the presence of SAC, the B cells were harvested and [32P]-IFN-y binding assays were 
performed (Fig. 4; Table I). Activation with SAC did not increase the number of 
receptors present. Rather, there was a slight reduction in receptor numbers per cell, and 
since the cells enlarge following activation, a more pronounced fall in receptor density. 
These experiments were performed three times with consistent results. We also observed 
a decline in IFN-y receptor density following T cell activation (Table I). These latter 
results are in agreement with previously reported observations [35]. 
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Fig. 3. Equilibrium binding of ['*P]IFN-y to CB and CESS cells. The binding assay was performed as 
outlined in Materials and Methods. The broken line (open triangles) is the specific binding calculated by 
subtracting nonspedic binding (open circles) from total binding (closed circles). Im& Scatchard analysis of 
the binding data. 

Internalization of Surface Bound IFN-y 

Internalization and degradation of IFN-y was first demonstrated with trisomic 
fibroblasts [2]. We studied the internalization of IFN-y by the interferon responsive B 
cell line, CB. Cells were incubated with a 1 x lo-'' M concentration of [32P]-IFN-y in 
the presence or the absence of unlabeled IFN-y at 4OC. The cells were resuspended in 
37OC medium and surface-bound labeled IFN-y was removed at various time points by a 
brief exposure to pH 2.3 media and the remaining cell associated [32P]-IFN-y was then 
determined (Table 11). Approximately 80% of the cell-associated radioactivity was 

TABLE I. Summary of B- Assays 

Cells U P M )  Receptors/cell 

u937 173 2,180 
CB 750 11,400 
CESS 393 1,220 
SKW6.4 423 1,100 
W I  160 1 1,700 
Resting B 295 1,360 
3DSAC-activated B 330 1,280 
SDSAC-activated B 242 1,020 
Resting T 215 630 
2DPHA activated T 240 540 
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Fig. 4. Equilibrium binding of ["P]IFN-y to resting and 3 day SAC-activated B cells. The binding assay 
was performed as outlined in Materials and Methods. The broken line (open triangles) is the specific binding 
calculated by subtracting nonspecific binding (open circles) from total binding (closed circles). W 
Scatchard analysis of the binding data. 

eluted with acid treatment at the beginning of the incubation. Within 5 min there was a 
significant increase in acid-resistant cell-associated radioactivity, and by 15 min there 
was no further increase in acid-resistant CPMs. The internalization was done in the 
presence of chloroquine to prevent dissociation of the IFN-y receptor complex and its 
subsequent degradation. Similar results were found with the normal B cells (data not 
shown). 

C e l l - d a t e d  cpm following 
Time (cprn/lO6ceh) 
(mid Acid wash RPMI wash 

% acid-resistant 
counts 

0 1514 f 41 8149 * 321 19.0 
5 2156 k 41 8313 2 132 33.0 
10 2143 k 51 1452 k 119 36.8 
15 3412 k 14 6653 * 49 52.1 
30 2813 5 202 5945 + 26 48.0 
60 3142 k 21 5865 ? 108 53.0 

*The procedure to detect the internalization of surface-bound [''PlIFN-r was performed according to the 
method outlined in the Materials and Methods. Percentage of acid-resistant counts was calculated by 
dividing the cell-associated cpm following acid wash by d a t e d  cpm following RPMI wash. 
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Fig. 5. [32P]-IFN-ycross-linking to CB cells. 20 x lo6 CB cells were cross-linked to [32P]-IFN-y at a final 
concentration of 500 pM in the presence or absence of a lOOfold molar excess of unlabeled IFN-7 with 
dissuccinimydyl suberate (DSS). The cross-linked cells were solubilized in a 1% NP40 lysis buffer, 
immunoprecipitated with a plyclonal anti-IFN-y antibody, and analyzed on SDS polyacrylamide gels. 
I4C-labeled proteins were used as molecular weight markers. 

Cross-linking of [32PEIFN-y to CB Cells and Normal B Cells 
In order to characterize the IFN-y receptor on human B cells, [32P]-IFN-y was 

chemically cross-linked to the cell surface membranes of CB cells and normal B cells 
using the homobifunctional cross-linker disuccinimidyl suberate. Following cross-linking 
the cells were solubilized in a NP-40 lysis buffer, immunoprecipitated with an anti- 
IFN-y antibody, and analyzed by SDS-PAGE. One major receptor IFN-y complex was 
identified with CB cells which migrated with an estimated molecular size of 1 10 kD (Fig. 
5). Similar results were obtained when the crw-linked complexes were directly analyzed 
by SDS-PAGE however, the resolution of the complexes was improved by immunopre- 
cipitation with the anti-IFN-y antibody (data not shown). The identified receptor 1FN-y 
complex corresponded to a protein of approximately 93 kD cross-linked to IFN-y. Using 
a similar approach, we examined the IFN-y binding proteins present on normal B cells. 
Unactivated or 2 day SAC-activated B cells were cross-linked to [32P]-IFN-y and 
immunoprecipitated with the anti-IFN-y antibody (Fig. 6). Again, one major band was 
identified. The ligand-receptor complex had an estimated molecular weight of approxi- 
mately 110 kD, which again corresponded to an 93 kD protein complexed to IFN-y. A 
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Fig. 6. [32P]-IFN-r cross-linking to normal B cells. 20 x lo6 tonsillar B cells or 20 x lo6 SAC-activated B 
cells were cross-linked to [32P]-IFN-y at a final concentration of 500 pM in the presence or absence of a 
100-fold molar ex- of unlabeled IFN-7 with DSS. The cross-linked cells were solubilized, immunoprecipi- 
tated, and analyzed by SDS-PAGE. *4C-labeled molecular weight markers were used as standards. 

less prominent band was present at approximately 127 kD, which may represent the 93 
kD protein cross-linked to the dimeric form of IFN-y. 

DISCUSSION 

In this study we demonstrate the presence of IFN-y receptors on four B cell lines 
and normal B lymphocytes isolated from either peripheral blood or tonsils. The four B 
cell lines differed in their responsiveness to IF"-?., yet all expressed receptors. Unacti- 
vated peripheral blood B cells were found to have approximately 1,400 receptors per cell 
with an estimated affinity of 295 pM. Activation of the B cells with the polyclonal B cell 
activator SAC did not significantly modulate the number of receptors per cell nor its 
affinity for IF"-y. The CB cells, an IFN-y-responsive cell line, were shown to 
internalize [32P]-IFN-y as were normal B cells. Finally, the receptor was studied on the 
CB cell line and normal B cells by [32P]-IFN-y chemical cross-linking. A prominent 
interferon binding protein of approximately 93 kD was identified on both normal B cells 
and the CB cell line. 

The existence of a specific IFN-y receptor was first identified by binding experi- 
ments with [12sI]-IFN-y using trisomic fibroblasts [2]. Subsequently, receptors have 
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been identified on a variety of normal and transformed cells, including fibroblasts, 
epithelial cells, T lymphocytes, NK cells, and various cell lines of hematopoietic origin 
[3-lo]. Although there are some exceptions, Scatchard analysis of the binding data has 
revealed a single high-affinity binding site. Scatchard analysis of binding data derived 
from normal human B cells also revealed a single affinity binding site which varied from 
250 to 330 pM. Studies with normal T cells revealed approximately 600 receptors per 
cell with an estimated affinity of 180 pM. Thus, normal B cells appear to have 
approximately twofold more receptors per cell than T cells, although a similar affinity for 
IFN-y. This difference may be important, since the occupancy of only a small percent- 
age of the available receptors appears to be necessary for most biological effects [ 361. At 
low concentrations of ligand, likely to be the case in vivo, a twofold increase in receptors 
will result in a twofold increase in the occupied receptors per cell, and a twofold increase 
in cell response. B cell activation is accompanied by the upregulation of a variety of 
membrane proteins, including HLA-DR, transfenin, and IL-2 receptors; however, B cell 
activation had no significant effect on the number or the affinity of the IFN-y receptor. 
Since B cells enlarge during activation, there is an actual decline in the density of 
receptors following in vitro activation. 

Other studies have reported IFN-y binding afiities tenfold lower to tenfold 
higher than reported here [2-lo]. Most of those studies used iodinated rather than 
phosphorylated IFN-y. The use of 32P-IFN-y has certain advantages over iodinated 
material. For example, the spedic activity of the "P-IFN-y is 10-100-fold greater than 
iodinated preparations. Also, the phosphorylation of IFN-y does not interfere with its 
biologic activity [28], and the majority of the 32P-IFN-y can bind to cells (as high as 80% 
in some experiments). The high specific activity and specificity of binding permits 
accurate equilibrium binding studies. Our studies with U937 cells are in close agreement 
with results previously published by Rashidbaigi et al. [28], who also examined the 
binding of 32P-IFN-y to U937 cells. While the 32P-IFN-y was an excellent reagent for 
binding studies, it may have some disadvantages when used in ligand internalization 
studies. For example, we found a higher percentage of acid-resistant counts at the 
initiation of the 37OC incubation (time = 0 min) than is usually found with iodinated 
interferon. Additionally, the decrease in cell-associated radioactivity during the 37OC 
incubation may be secondary to dephosphorylation of the 32P-IFN-y by endogenous 
phosphatases. 

Ucer et al. [37] have recently reported their results analyzing the binding of 
IFN-y to normal T and B lymphocytes and several different B cell lines. Their 

binding studies with Raji cells revealed 3,900 receptors per cell with an estimated affinity 
of 20 pM. These results differ significantly from our results with Raji cells (1 1,400 
receptors per cell with an estimated affinity of 160 pM). Part of the difference in the 
calculated number of receptors per cell and estimated affinity is accounted for by our use 
of the monomeric molecular weight of IFN-y, while Ucer et al. [37] used the dimeric 
molecular weight in their calculations. However, if our data are recalculated using the 
dimeric molecular weight, there remains a significant difference, particularly in esti- 
mated receptor affinity. The reasons for this difference are unclear. Our results with Raji 
cells are in relatively close agreement with those recently reported by Aguet and Merlin 
[38], who found an estimated binding affinity of IFN-y for its receptor on Raji cells of 
100 pM with approximately 10,OOO sites per cell. 

125- 
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The presence of IFN-y receptors on resting B cells suggests a potential role for 
IFN-y in the regulation of B cell activation. Although the addition of IF"-y to resting B 
cells has no effect on B cell HLA-DR expression, RNA synthesis, cell size, DNA 
synthesis, or Ig secretion [39], preincubation of resting B cell with I F N y  results in a 
subsequent enhanced proliferative response to anti-Ig mediated signals [ 141. This 
suggests a direct effect of IFN-y on resting B cells. In other cell systems the effect of 
IFN-.y on cellular activation has been studied in more detail. For example, exposure of 
monocytes to IFN-y results in a slow rise in intracellular Ca++ levels and increased 
activity of protein kinase C [40-41]. Similar events may occur in B cells to account for 
their increased proliferative response following exposure to IFN-y. 

IFN-.y has also been reported to have BCGF activity in the anti-p costimulation 
assay and the SAC assay [ 15,161. Additionally, IFN-y has been shown to enhance B cell 
differentiation when present with other differentiation signals [ 17,181. We have previ- 
ously described an EBV-transformed B cell line CB whose differentiation to an Ig- 
secreting cell is stimulated by IL-2 and have shown that this response can be amplified by 
the addition of IFN-y [ 181. A kinetic study revealed that IFN-y was required late in 
culture rather than early [ 181. These results in conjunction with the binding data suggest 
that the different effects of IFN-y on B cell function are dependent upon the activation or 
differentiation of the B cell and upon the other cytokines present rather than altered 
levels of receptors. 

Several reports have included analysis of ligand receptor complexes. Rubenstein et 
al. [35] have identified two molecular forms of the receptor. Monocytes and several lines 
of hematopoietic origin expressed a receptor of approximately 140 kD while fibroblast 
expressed a receptor of approximately 95 kD. Ucer et al. 1371 identified three ligand 
receptor complexes on a variety of cell lines, including K562 and a colon carcinoma- 
derived cell line with estimated molecular weights of 70, 92, and 160 kD. These 
complexes correspond to three species with estimated molecular weights of 50,72, and 
140 kD, respectively. Whether these represent subunits of the receptor or split products 
of the receptor remain to be established. More recently, Aguet and Merlin have 
described the development of an antireceptor monoclonal antibody which has been used 
in conjunction with affinity chromatography partially to purify the IFN-.y receptor from 
Raji cells [38]. They have identified two proteins with molecular weights of 90 (p90) and 
50 (p50) kD. The p50 protein was the more prominent, with p90 never exceeding 30% of 
the total [38]. In contrast, our results suggest that the p90 protein is the predominant 
receptor expressed on CB cells. A band which would correspond to p50 was only 
visualized when the complex was immunoprecipitated and the autoradiograph overex- 
posed (data not shown). We have also immunoprecipitated [32P]-IFN-y cross-linked to 
Raji cells and found similar results as with CB cells (J. Kehrl, unpublished observation). 
This data suggests that the p50 protein may be a degradation product of the p90 protein 
that retains the IFN-y binding site. The 160 kD ligand-receptor complex present on 
monocytes was not observed with the CB cells. 

Analysis of [32P]-IFN-ycross-linked protein on unactivated normal B cell revealed 
a band at 110 kD which presumably corresponded to p90. Immunoprecipitation of 
cross-linked proteins from the activated B cells also revealed a prominent band at 
approximately 1 10 kD. A second band at approximately 127 kD was also present on the 
normal B cell. Although more evident on the SAC-activated B cells, longer exposures 
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revealed its presence on the unactivated B cells. This band may correspond to dimeric 
interferon cross-linked to p90. 

In conclusion, we have demonstrated the expression of IFN-y receptor on resting B 
cell and a reduction in receptor density following B cell activation. Both the CB cell line 
and normal B cells were found to internalize IFN-y rapidly. Chemical cross-linking 
studies with [32P]-IFN-y revealed a predominant binding protein of 93 kD present on 
both normal B cells and CB cells. Knowledge of the expression and the modulation of 
IFN-y receptors on normal B cells will assist in our understanding the role of IFN-y in 
the regulation of human B cell function. 

ACKNOWLEDGMENTS 

Rust for her editorial assistance. 
We thank Dr. A.S. Fauci for his support and for many helpful discussions and M. 

REFERENCES 

1. Stewart WE, 11, Blalock JE, Burke DC, Chang C, Dunnick JK, Falcoff E, Friedman RM, Galasso GJ, 

2. Anderson P, Yip YK, Vilcek J: J Biol Chem 257:11301,1982. 
3. Orchansky P, Novick D, Fischer DG, Rubinstein M: J Interferon Res 4:275,1984. 
4. Sarkar FH, Gupta SL: Proc Natl Acad Sci USA 8 1:5 160,1984. 
5. Celada A, Gray PW, Rinderknecht E, Schreiber R D  J Exp Med 1m55.1984. 
6. LittmanSJ, FaltynekCR,BaglioniC: JBiolChem260:1191,1985. 
7. Faltynek CR, Princler GL, Ortaldo J R  J Immunol1364134,1986. 
8. Finbloom DS, Hoover DL, Wahl LM: J Immunol135:300,1985. 
9. Celada A, Allen R, Espam I, Gray PW, Schreiber R D  J Clin Invest 76:2196,1985. 

10. Orchansky P, Rubinstein M, Fisher DG: J Immunol 136:169,1986. 
1 1. Kehrl JH, Muraguchi A, Butler JL, Falkoff RJM, Fauci AS: Immunol Rev 78:75,1984. 
12. Kishimoto T, Yoshizaki K, Kimoto M, Okada M, Kuritani T, Kikutani H, Shimizu K, Nakagawa T, 

13. Howard M, Paul W E  Annu Rev Immunol1:307,1983. 
14. Boyd AW, Tedder TF, Griffin JD, Freedman AS: Cell Immunol106:355,1987. 
15. Romagnani S, Giudizi MG, Biagiotti R, Aimerigogna F, Mingari C, Maggi E, Liang C-M, Moretta L: J 

16. Kehrl JH, Miller A, Fauci A S  J Exp Med 166786,1987. 
17. Nakagawa T, Hirano T, Nakagawa N, Yoshizaki K, Kishimoto T: J Immunoll34959,1985. 
18. Nakagawa T, Nakagawa N, Volkman DJ, Fauci A S  J Immunol136:164,1986. 
19. Jelinek DF, Splawski JB, Lipsky P E  Eur J Immunoll6925,1986. 
20. Leibson HJ, Gefter M, Zlotnik A, Marrack P, Kappler JW: Nature 309799,1984. 
21. Sidman CL, Marshall JD, Shultz LD, Graym PW, Johnson HM: Nature 309:801,1984. 
22. Snapper CM, Paul W E  Science 236:944,1987. 
23. Volkman DJ, Buescher ES, Gallin JI, Fauci A S  J Immunoll33:3006,1984. 
24. MuraguchiA,Kehrl JH, LongoDL,Volkman DJ, Fauci A S  J ExpMed 161:181,1985. 
25. Muraguchi A, Kishimoto T, Miki Y, Kuritani T, Kaieda T, Yoshmki K, Yamamura Y J Immunol 

26. Saiki 0, Ralph P Eur J Immunol 13:31,1983. 
27. Muraguchi A, Butler JL, Kehrl JH, Fauci A S  J Exp Med 157:530,1983. 
28. Rashidbaigi A, Kung H, Pestka S: J Biol Chem 260:8514,1985. 
29. Laemmli UK. Nature 227:680,1970. 
30. RobbRJ,MunckA,SmithKA: JExpMed 1541455,1981. 
31. ScatchardG:AnnNYAcadSci51:660,1949. 
32. Anderson P, YipYK, Vilcek J: J Biol Chem 2586497,1983. 

Joklik WK, Vilcek JT, Younger JS, Zoon DC: J Immunol125:2353,1980. 

Nakagawa N, Miki Y, F ~ k u ~ g a  K, Yoshikubo T, Taga T: Immunol Rev 78:97,1984. 

Immunol1363513,1986. 

127:412,1981. 



4WJCB Nakagawaetal 

33. Klausner RD, Renswoude JV, Ashwell G, Kempf C, Schechter AN, Dean A, Bridges D R  J Biol Chem 

34. Ralph P, Jeong G, Welte E, Mertelsmann R, Rabin H, Henderson LE, Souza LM, Boone TC, Robb RJ: 

35. FaltynekCR, Princler G L  J Interferon Res 6639,1986. 
36. Rubmtein M, Novick D, Fischer DG: Immunol Rev 97:29,1987. 
37. Ucer U, Bartsch H, Scherurich P, Berkovic D, Ertel C, Pfizenmaier K Cancer Res 465339,1986. 
38. Aguet M, Merlin G: J Exp Med 165:988,1987. 
39. Kehrl JH, Muraguchi A, Goldsmith PK, Fauci AS Cell Immunol96:38,1985. 
40. Somers SD, Weiel JE, Hamilton TA, Adam Do: J Immunol136:4199,1986. 
41. Hamilton TA, Becton D, Somers SD, Gray PA, Adam Do: J Biol Chem 260:1378,1985. 

258:6497,1983. 

J Immunol133:2442,1984. 




