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ISOLATION ANDPARTIAL CHARACTERIZATIONOFMESSENGER RNA, FROM
MURINE TCELL HYBRIDS, CODINGFOR SUPPRESSIVE IMMUNOGLOBULIN GBINDINGFACTOR'
CATHERINEVAQUERO,"WOLF
H. FRIDMAN,' JANINE MONCUIT,' MARIE-ANNICK PROVOST,'
ERNESTO FALCOFF,' MARIA JOSE GELABERT,' AND CATHERINE NEAUPORT-SAUTES'~
From the 'UniteINSERM U 196 and 'UniteINSERM U 255. Institut Curie, 26, rue d'Ulm. 75005 - Paris

Poly A RNA has been isolated from a murine T successively described.First,
the IgG-binding factor
cell hybridoma (TzD4)that spontaneously secretes (IgGBF)produced by Fcyreceptor-positive T cells (3)binds
suppressive
immunoglobulin
G-binding
factor
specifically to the Fc portion of IgG (4) and suppresses
(IgGBF). Translation products, obtainedfrom a rab- the production ofIgG antibodies in secondary in vitro
bit reticulocytelysate translation system and after antibody responses (5).Second, the IgE-binding factors
injection into Xenopus Zaeuis oocytes, contain ma- (IgEBF) produced byFct receptor-positive T cells bind
terial with the biologic
activity, the affinity,
and the specifically to IgE and, depending on theirglycosylation.
m.w. of murine IgGBF; it suppresses secondary in enhance (6)or inhibit (7) production ofIgE antibodies.
vitro IgG antibody production in a dose-dependent More recently, an IgA-binding factor (IgABF)that binds
fashion. The suppressive factor binds
to IgG but not specifically to I g A and suppresses the I g A In vitro antito IgM immunoadsorbents and, after mild NaDodSO,body response has been described (8).
Thus, these factors
treatment, dissociates in NaDodSO, polyacrylamide share common properties: they bind specifically to a
gels into two peaks at 78 and 40 kD. Translation given class of antibody and regulate the production of
productsfromtwonon-IgGBF-secreting cell lines antibodies of the corresponding class.
(BW-5147,a T lymphoma line, and Ae, a fibroblast
During these studies, it became apparent that theprocell line) fail to exert any suppressive activity. On
duction
of isotype-specific IBF could be specifically insucrose gradients, theRNA responsible for the bioduced
by
the corresponding Ig isotype. For instance, inlogic activity was found in onemajor peak located
at 11s. IgGBF synthesized in a cellfree translation cubation of T cells with IgE leads to the production of
system by using poly A RNA and sucrose gradient IgEBF (9).In an attempt to obtain a homogeneous and
fractions wasalso characterized by immunoprecip- unlimited source of IgGBF, T cell hybrids were prepared
itation withFc fragments of [35S]methionine-labeledbetween alloantigen-activated T cells and BW-5147 T
proteins. On NaDodSO, polyacrylamide gels, it mi- lymphoma cells (10). These hybrids express FcyR and
grates in one peak located at 37 kD. We conclude FcaR and produce a factor(s) that, by all criteria tested
that IgGBF is coded for by11s poly A RNA and that (biologic activity, affinity, and m.w.1, appear constituno post-translational modifications (other than
pro- tively similartoT cell-secreted IgGBF (2,10). Recent
teolytic cleavage) are necessary
to obtain a biologi- experiments have shownthat incubation of these T cell
hybrids (T2D4)in thepresence of IgGl , IgG2, or IgA moncally active factor with Ig-binding properties.
oclonal proteins induces the production of high amounts
of isotype-specific IBF that suppress IgG1, IgG2, or IgA
The production of Ig classes and subclassesby B cells antibody production,respectively (8, 11).
is regulated by T cell factors ( l ) ,among which immunoIn this paper, we present the isolation and characteriglobulin-binding factors (IBF)3may play a major role (2). zation ofmRNA coding for a suppressor IBF. We show
Produced by Fc receptor (FcR)-positiveT cells,these fac- that the poly A RNA extracted from TzD4T cell hybrids
tors bindspecifically to the Fc portion of Ig and modulate can be specifically translated, inreticulocyte lysates and
the in vitro production of the corresponding Ig isotype. in oocytes, into polypeptides having a biologic activity,
Three different isotype-specific T cell factors have been a n affinity, and a m.w. that are similar to cell-secreted
IgGBF. After separationonsucrosegradient,
IgGBF
mRNA was found in onemajor peak located at 11s.
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MATERIALS AND METHODS
payment of page charges. This article must therefore be hereby marked
aduerttsement in accordance with 18 U.S.C. Section 1734 solely to indiCell lines. Three different cell lines were used to prepare mRNA:
cate thls fact.
IgGBF-producing T hybridoma line T2D4of H-2' haplotype (10).
' This work was supported by grants from lnstitut de la Sante et de la an
and two nonproducing lines, BW-5147 used as fusion partner for
Recherche Midicale (Grant 650-79-65).
Centre National de la Recherche hybridization (10) andAg. a fibroblast cell line of H-2' (C3H)haploScientifique (Grant 60-82-501)
and Ministere de I'Industrie et de la Re- type (kfndly provided by Dr. R. Cassingena. Vlllejuif]. To prepare T
cherche (Grant 153).
cell hybrids, spleencells (95% Thy-1.2-positive. 30% FcyR-positive)
*Address correspondence and reprints requests to: Dr.C. NeauportSautes, Unite INSERM U 255, Institut CURIE, 26, rue d'Ulm, 75005- from BALB/c (H-2d) irradiated mice (850R) inoculated 5 days earlier
with thymocytes from a B10-BR(H-2*) strain were fused, in the
PA3RIS
Abbreviations used in this paper: IBF. immunoglobulin-binding fac- presence of polyethylene glycol, with hypoxanthine-aminopterintor; FcR. receptor for the Fc portion of lg: pME. 8-mercaptoethanol;kD. thymidine (HAT)-sensitive T lymphoma cells, BW-5147 (H-2'. Thy1.1. FcyR-negative). as described (10).After selection in the presence
kilodaltons; IgGBF.IgEBF.IgABF. immunoglobulin-bindingfactors for
ofHAT, FcyR-positive T cell hybrids were grown in RPMI 1640
IgG. IgE, and IgA.
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Supernatants were collected and passed on IgG immunoadsorbmedium (GIBCO. France)containingstreptomycinand
penicillin
(100U/ml) and supplemented with 10% fetal
calf serum (FCS). The ents as described (4). Acid eluates were concentrated 100-fold (as
T2D4cell line expresses FcrR andproduces suppressive IgGBF (10). compared with the starting material) on centriflow CF 25 memTzD4 and BW-5147 cells were grown in ascitic form in pristane- branes (Amicon, France), dialyzed in PBS. sterilized by passage
through 0.22-pm Millipore filters, and used as source of purified
treated Swiss Nu/Nu mice (Biotem. France).
Preparation ofIgG, Fcfragments. a n d immunoadsorbents. Rab- IgGBF.
bit IgG was isolated from normal serum by precipitation in the
Secondary In ultro antibody response. Spleen cells from mice.
presence of 40% (N&)zS04 followed by ion exchange chromatogra- inoculated i.p. 10 days before with 2 X 10' sheep red blood cells
(SRBC),were cultivated in Falcon plastic tubes at 7 X 10' cells/ml
phy on DEAE cellulose (DE 52 Whatman) in 0.02 M phosphate
in RPMI 1640 medium (GIBCO. France) containing 100U/ml penibuffer, pH 7.2.
Fc and Fab fragmentswere obtained by digestion of rabbit I g G in cillin, streptomycin, and10%fetal calf serum (FCS).Twenty microthe presence of preactivated papain (enzyme to protein ratio of 1%) liters of SRBC. 2 x 10' cells/ml. were added to the 1-ml cultures a t
day 0 as described (5). After five days of incubation in a 5%COZ.
for 2 hr at 37°C in0.1 M phosphatebuffer, pH 8. Theywere
separated from undigested I g G by chromatography on SephadexG- humidified atmosphere, indirect and directplaque-formingcells
(PFC) were measured by using the local hemolysis technique, as
100 columns and thenpurified by affinity chromatography onprotein A-coupled Sepharose (Pharmacia. France) as described (12). described (17), that makes use of guinea pig serum as a source of
lmmunoadsorbents of rabbit IgG and Fab fragmentswere prepared complement. Indirect plaques were revealed by using a rabbit antiby coupling cyanogen bromide-activated Sepharose 4B (Pharmacia) mouse IgG antiserum.Translation products. effluents,and acid
with rabbit IgG. 7 mg/ml. or Fab fragments, 3 mg/ml, as described eluates were added to cell cultures a t different dilutions a t day 0.
Reticulocyte lysates, incubated in the absence
of mRNA. and super(4).
Isolation and sucrose gradlent analysls of M A . Total RNA natants from oocytes injected with triple distilled water were used
was isolated from TaD4, BW-5147, and Ag cells by lysis in 4 M as negative controls.
guanidiumthiocyanateandcentrifugation
of the homogenate
One-dlmenslonal NaDodS04 polyacrylamide gel electrophorethrough a 5.7 M cesium chloride cushion as described (13). Poly A sls (PAGE). Electrophoresis was performed on slab gels (1.2 mm
RNA was purified on a n oligo-dT column (type 7: PL Biochemical) thick) in 0.1%NaDodS04 by using the Laemmli buffer system (18).
Milwaukee, WI, USA) (14). Poly A RNA, 250 pg, from TzD4 cells was One-hundred microliters of TzD4 poly A mRNA translation products
fractionated ona 15to 30%sucrose gradientfollowing the procedure
(obtainedfrom reticulocyte lysates)and100-timesconcentrated,
described (13). Each of the 18 fractions were ethanol-precipitated,
purified IgGBF from TzD4 cells weretreated with0.1% NaDodS04for
washed, dissolved in 20 pl of sterile triple-distilled water, and kept
20 min at 0°C.After addition of glycerol (1/3final dilution), samples
frozen in liquid nitrogen. Ribosomal RNA, tRNA, and globin mRNA were applied onto 10-cm high 12.5% polyacrylamide gels and were
were sedimented inparallel tubes andwere used as size markers.
run at3 mA/cm of gel in parallel with a mixture of '251-labeledS A .
Translatlon of W A . Total poly A RNA and poly A RNA sucrose- IgG heavy and light chains, andphenol red. After migration. vertical
gradient fractionswere translated ina micrococcal nuclease-treated bands corresponding to each sample were cut and then sliced into
reticulocyte lysate (15). Incubation wasperformed with 0.5pl (0.25 0.45-cm slices. Each slice was homogenized and incubatedfor 16 hr
%) RNA in a final volume of 12.5 pl, in the presenceof 2 to 5 pC1 of a t 0°C with 0.5 ml of RPMI supplemented with 10% FCS. After
I3Sjmethionine (specific activity, 1000 Ci/mM, Amersham, France). centrifugation, the incubation
medium was recovered and sterilized
Total incorporation into proteins was determined in 2-pl samples. through 0.22-pm Millipore filters before addition to cell cultures.
Ten microliters of the radioactive peptides were analyzed ona 0.1% Bands corresponding to thelabeled markers were cut similarly and
NaDodS04 linear (10 to 20% polyacrylamide gradient) gel under were directly countedin a gamma counter(LKB, France).
reducing conditions (16).When reticulocyte lysate translationproducts were prepared for biological tests, incubation was performed
RESULTS
with 4 p l ( 2 pg) of RNA in a final volume of 100 pl in the absenceof
[35Sjmethionine. and the translation productswere assayed directly
Presence of biologically active IgGBF in translation
or after passage on IgG immunoadsorbents.
Total and fractionated poly A RNA were also microinjected into products of poly A RNAfrom T2D4cells. Poly A RNA was
Xenopus laeuis oocytes as described (13). Approximately 50 ng of
isolated from a n IgGBF-producingT hybridoma line TzD4
RNA were microinjected into each of 20 oocytes. Oocytes were incubated for 40 hr at 20°C in Barth's solution (10 plloocyte). The and from two nonproducing lines, BW-5147, the T lymincubation medium was finally withdrawn and storedfrozen a t phoma line that was used as a fusion partner for
-70°C in 1% bovine serum albumin (BSA)until it was assayed for
hybridoma preparation, andAs, a fibroblastcell line. The
suppressive activity.
suppressive
activity of thetranslationproductswas
Imrnunopreclpltation. Twenty microliters of [35Sjmethionine-latested in secondaryin vitroanti-SRBC responses. Transbeled reticulocyte translation products were diluted in the same
volume of 1 M KCl. 0.1 M Tris. pH 8.8. 2% TritonX-100 with 2 pl of
lation products were added at day 0 of the spleen cell
phenylmethylsulfonyl fluoride (4.5 mg/ml in ethanol) and were incubated for 2 h r a t25OC in the presenceof 4 pl of Fc fragment (400 cultures, and theIgG indirect plaque response was mead m l ) with occasional agitation. Then 45a1 of protein A-Sepharose sured at day 5.
(Pharmacia CL-4B) (160 mg/ml) pre-equilibrated in the same buffer
In the first set of experiments, rabbit reticulocyte lywere added and incubated overnight at 4 T . The sediments were
sates
were used as an in vitro translation system, and
washed five times with 0.5 M KCI. 0.01 M Tris, pH 8.8. 0.5% Triton
X-100 and twice with 0.01 M Tris, pH 8.8. Occasionally, samples incubation products were tested for suppressive activity
were submitted toa protein A-Sepharoseor Fab-Sepharose clearance in a 1/100 final dilution.
As shown in Figure 1A, proteins
for 2 h r a t25°C before the addition of Fc fragments (4p l ) and were encoded by mRNA from T2D4 cells exerted a strong inhibthen processed following the same procedure. Finally, sediments
were suspended in 40 plof electrophoresis sample buffer (1%Na- itory effect on the secondary in vitro antibody response
DodS04. 250 mM 8-mercaptoethanol) (p-ME))and boiled for 5 min.
(90% inhibition of the IgG indirect plaque response). In
All supernatants were then applied to NaDodS04 polyacrylamide ( 10 contrast, proteins encoded bymRNA from BW-5147 T
to 20%) slabgels. After electrophoresis, the gels were subjected to
lymphoma cells and As cells did not significantly modify
fluorography, dried, and autoradiographed.
Isolation of IgCEF. Isolation of IgGBF was performed by affinity IgG antibody production. Reticulocyte lysates, whenused
chromatography by using a batch procedure. Translation products.
alone in a 1/100 final dilution, had no
effect on the
100 pl, were incubated with 50 plof Sepharose 4B coupled with
response.
rabbit IgG for 16 hr at
4°C. Effluents were recovered, and the
In the second set of experiments, X . laevis oocytes
immunoadsorbent was then washed
five times with 20
vol of sodium
phosphate buffer, 0.02 M. pH 7.0. Material bound was eluted by were used as a translation system and
were injected with
using threesuccessive incubations with 100pl of 0.2 M glycine-HC1
poly
A
RNA
from
T2D4
or
BW-5147
cells.
Supernatants
buffer, pH 2.8, at 4°C. and was thenneutralized with 1 M KHZPO4.
obtained after a 40 hrincubation period were added at a
Effluents and eluates were dialyzed in phosphate-buffered saline
(PBS).pH 7.2. The dilution factor due to the
elution procedures was
1/100 final dilution to spleen cell cultures. As shown in
taken into account to evaluate the finaldilution of products added Figure lB, supernatants of oocytes injected with BWto In ultro cultures. To prepare cell-secreted IgGBF, T2D4 cells CUItured in uitro were incubated a t 2 x 10' cells/ml a t 37OC in balanced 5 147 mRNA did not modify the secondary anti-SRBC
salt solution (BSS)for 2 hr.
response, whereas supernatants of oocytes injected with
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Ftgure 1 . Effect, on the secondary in vitro anti-SRBC response of translation products obtained from reticulocytelysates (panel A) and In oocytes
supernatants (panel B). Products added to cell cultures at 1/100 final dilution at day 0. Indirect I g G PFC measured at day 5 (direct PFC response:
panel A, 250 & 20 PFC/lOEcells: panel B, 280 & 32 PFC/lOs cells). Control lysate, reticulocyte lysate incubated in the absence of mRNA: control
oocyte supernatant, supernatant of water-injectedoocytes.

T2D4mRNA exerted a significant inhibition of the IgG and the starting material inhibited 100 and 46% of the
anti-SRBC plaque response (57% inhibition of the indi- response, respectively, whereas the effluent exerted no
rect PFC). Indeed, supernatants of water-injected oocytes significant suppressive effect (25% inhibition of the redid not exert any inhibitory effect (Fig. 1B).
sponse). These data show that the suppressive activity
Therefore these results show that the in vitro and in present inin vitro translation productsis dose dependent
vivo translationproducts of mRNA, isolated from an and canbe enriched after passage on IgG immunoadsorbIgGBF-producing T lymphoma line but not those from ents. When tested at the same dilutions, acid eluates of
two nonproducing cell lines, exert suppressive effects oncontrol lysates (incubated withoutmRNA) passed on IgG
secondary IgG in vitro antibody responses.
immunoadsorbents did not significantly modify the reTo investigate whether IgGBF was, at least in part,
sponse (5to 15%inhibition). In addition, when translaresponsible for this inhibition, translation
products were tion products were passed on Sepharose4B coupled with
incubated with immunoadsorbentsof Sepharose 4B cou- IgM, the suppressive activity was found in the effluent
pled with rabbitIgG, and the suppressive
activities of the (54% inhibition of the response at a 1/500 final dilution)
acid eluate, effluent, and starting material were com- but not in the eluate (no
inhibition of the response at the
pared. A s shown in Figure 2, acid eluates, which contain same dilution): these results indicate that, like cell-setranslation products binding to IgG, were found to have creted IgGBF, the translated suppressive factor(s) does
enriched suppressive activity when compared with the not bind toIgM [data not shown).
starting material. At 1/1000 final dilution, the
acid eluate
In conclusion, these results provide evidence that poly
A RNA from T2D4 cells specifically encodes for protein[s)
having biologic and affinityproperties similar toIgGBF.
The m.w. of suppressive IgGBF synthesized in reticulocytes is similar to that of cell-secreted IgGBF. The
M, of the suppressive material encoded by T2D4mRNA
was compared with that of IgGBF secreted by T2D4 cells.
For this purpose, acid eluates from IgG immunoadsorbents incubated with serum-free
supernatants ofT2D4
cells were prepared and used as a source of cell-secreted
IgGBF. Before electrophoresis, purified IgGBF and in vitro
translation products of T2D4 poly A RNA were treated by
mild NaDodSO, conditions (0.1% NaDodSO,) that did not
noticeably alter their biologic activity [Fig. 3A and B,
right lane).
After gel electrophoresis of translation products, proteins withsuppressive
activity dissociated into two
peaks, corresponding to M, 78 kD and 40 kD (Fig. 3A).
Similarly, IgGBF from TzD4 cells gave two peaks of suppressive activity located at 75 kD and 40 kD (Fig. 3B).
Indeed, no significant suppressive activity was found at
M, between 50 and 35 kD, if translation productsof BW5147 mRNA were run on gels and were tested under the
same conditions [ 1 1 % inhibition of the indirect PFC response).
Final d i l u t i o n s
Characterization of mRNA encoding for IgGBF. TO
Ftgure 2. Dose-response curveand retention, on IgG immunoadsorbbetter characterize the IgGBF mRNA, T2D4 poly A RNA
ent of the suppressive activity of T2D4 polyA RNA translation products
was fractionated by sucrose gradient centrifugation unsynthesized in reticulocyte lysates and tested on the secondary tn vitro
anti-SRBCresponse. Products added tocell cultures at day 0. Indirect IgG
der nondenaturing conditions, and thebiologic activities
PFC measured at day 5. x-x,
starting material: o”--o. acid eluate:
of each fraction were evaluated after translation into
x----x, effluent: 0. control response. (Direct PFC response: 450 2 48
oocytes (Fig. 4) andreticulocyte lysates (Fig. 5).
PFC/lOEcells).
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FLgure 5. Immunosuppressive activity associated with the secondary
in uttro anti-SRBC response of reticulocyte translation products of T2D4
poly A RNA sucrose gradient fractions. Reticulocyte products obtained
with each sucrose gradient fraction (x-x)
and acid eluates (0-0) from
reticulocyte products passed onIgG immunoadsorbents were added to cell
cultures at 1/250 finaldilution at day 0. Results are expressed as percent
inhibition of the indirect IgG PFC response measured at day 5.

M i g r a t i o nd i s t a n c e( c m )

FLgure 3. NaDcdSO, PAGE analysis undermild denaturing conditions
of the suppressive activity ofTzD, poly A RNA translation products
(obtained in reticulocyte lysates) (Fig. 3A) and of purified IgGBF (prepared
from supernatants of T2DI cells] (Fig. 38)on thesecondary In uftro antiSRBC response. Translation products and IgGBF were run on 12.5%
acrylamide slab gels. Material eluted fromeach of the 20slices was added
to cell cultures at 1/20 final dilution at day 0. Results are expressed as
percent inhibition of the indirect IgG PFC response measured at day 5.
Indirect responses: panel A, 2700 ir 540 PFC/106 cells: panel B, 3220 ir
108 PFC/lOs cells. Direct responses: panel A. 480 ir 60 PFC/106 cells:
panel B, 200 .t 2 5 PFC/106 cells. Right lanes, percent inhibition of the
indirect IgG PFC response obtained with 0.1 % NaDodS0,-treated starting
material (scaleshown onthe left of the figure). Molecular weight marker
proteins are indicated on thetop of the figure.
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ELuates from IgG
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FLgure 4. Immunosuppressive activity associated with the secondary
in uftroanti-SRBC response of oocyte translation products of TzD4 polyA
RNA sucrose gradient fractions. Supernatants
from oocytes microinjected
with each sucrose gradient fraction(x-x)
or acid eluates from supernatants passed on IgG immunoadsorbents (0- -0) were added at 1/50
dilution at day 0 to cell cultures. Results are expressed as percent inhibition of the indirect IgG PFC response measuredat day 5.

The translation products secreted in supernatants of
injected oocytes were assayed forbiologic activity at a 1/
50 final dilution. As shown in Figure 4, two peaks of
suppressive activity could be found: a) a major peak at
fraction 7 (1lS),which exerts 100%inhibition of the IgG
anti-SRBC secondary response at a 1/50 dilution and
70% inhibitionat a 1/500 dilution (data not shown),and
b) a minor peak at fraction 16, which exerts only 30%

inhibition and had no effect at higher dilutions (1/100
and 1/500; data not shown).
To test whetherIgGBF was responsible for suppressive
activity, translation products obtained
from each fraction
of mRNA were passed on IgG immunoadsorbents. When
acid eluates were tested for biologic activity at a 1/50
final dilution, the two peaks corresponding to fractions
5
to 9 and 16 were recovered. Again, the inhibition was
more pronounced in the firstpeak (80%inhibition with
fraction 7) whencompared with the second (45%inhibition with fraction 16).
Translationproductsobtained
from reticulocyte lysates, as well as from their corresponding acid eluates
from IgG immunoadsorbents, were also tested for suppressive activity, at a 1/250 final dilution, in secondary
in vitro anti-SRBC responses. A s shown in Figure 5, two
peaks of suppressive activity were found, located in fractions 6 to 9 and 14to 18. When acid eluates were tested
at a 1/1000 final dilution, the first peak still inhibited
30
to 50%of the IgG anti-SRBC response, whereas the second peak no longer exerted suppressiveactivity (data not
shown).
When considered together, these resultssuggested that
mRNA coding for biologically active IgG-binding factor is
located principally in fractions 5 to 9 that peak at 11s.
Some biologic activity that might be due to aggregates of
mRNA was also found ainlesser extentin heavier mRNA
fractions.
Immunochemicalidentification
of thetranslation
products connected to 1gGBF immunosuppressive activity. Because IgGBF binds to the Fc portion ofIgG,
attempts were made to identify translation products of
total and fractionated T2D4 mRNA by using immunoprecipitation. For this purpose, the radioactive translation
products of reticulocyte lysates incubated in
the presence
of poly A RNA from IgG-producing cells (T2D4)and nonproducing cells (BW-5147 and As) were immunoprecipitated with Fc fragments of IgG followed by protein ASepharose. The preparations were then boiled and run
on gels. When these methods were used, the products of
the three different
messengers gave bands located mainly
at M, around 45, 37 to 35, and 20to 16 kD (Fig. 6). The
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Ffgure 6. Immunoprecipitationof reticulocytes translation products
of TlD4 poly A RNA with Fc fragments as analyzed by NaDodS04 PAGE.
[35S]methionine-labeled
translation products of poly A RNA from As (lane
1 ) . BW-5147 (lane 2).and TID. cells (lanes3 and 4) were immunoprecipitated with Fc fragments followed by protein A-Sepharose. before(lanes
1-3) or after (lane 4) clearance with Fab-Sepharose andrun on 10 to 20%
acrylamide slab gels.Molecular weight marker
proteins are shown on the
right of the figure. Arrow indicates the 37-kD polypeptide.

45-kD band probably correspondedto actin, because this
band was also present in immunoprecipitates
performed
with anti-actin antiserum (data not shown).
The 45-. 35-. 20-. and 16-kD polypeptides were present
in immunoprecipitates fromT2D4. BW-5147. and As cells
Ftgure 7. NaDodSO.PAGE analysis (10 to 20%acrylamlde) of 1-1
as well: their presence probably reflects nonspecific bindmethionine-labeledreticulocyte translation products of sucrose gradient
ingtotheimmunoadsorbent.The37-kD
polypeptide, fractions of TlD4 poly A RNA, before ( A )or after (B)immunoprecipitation
Fc fragments. The first lane on the left (HaO) represents incubation
however, was only found in
the products of TZD4 messen- wlth
wlthout mRNA. lanes 5 to 18 represent translation products from the
gers. After clearance with Fab-Sepharose. only two
major corresponding sucrose gradient mRNA fractions (top to bottom).Transbands were observed in TZD4 immunoprecipitates. They lation products fromsucrose gradient fractions 1 to 4 showing very low
activity are not presented. Molecular weight markers are indiwere located a t M, 45 kD and 37 kD and thuspresumably template
cated on the right of the figure. <. indicates the 37-kD polypeptide.
correspond to actin andIgGBF. respectively (Fig. 6).
Subsequently, each fraction from the mRNA gradient direct the synthesisof proteins that, in termsof biologic
was translated reticulocyte
in
lysates, and the translationactivity, affinity,and m.w., are identical to thoseof IgGBF
products were analyzedby using NaDodS04 PAGE before secretedby the samecells: namely, translation products
A s were found to exerta profound inhibition of the secondand after immunoprecipitation with Fc fragments.
shown in Figure
7A. the m.w. of the synthesized products ary fn uftro IgG antibody response. The inhibitiory activincreases from the top tobottom
the through the gradient ity was bound to IgG immunoadsorbents and was enshowing that even large polypeptides could be efficiently riched in the corresponding acid eluates. In NaDodS04
encoded by the heavy mRNA fractions. A s illustrated in PAGE, suppressive proteins synthesized by mRNA apFigure 7B. after immunoprecipitation with the Fc frag- peared to have the same M, as those of cell-secreted
ments, various polypeptides were found the M, of which IgGBF. Finally, the suppressive activity was specifically
are similar to those
observed after Fc binding
of the T2D4 translated by mRNA isolated from TzD4 cells producing
poly A RNA products. The 37-kD polypeptide was seen IgGBF but notfrom nonproducingcells. Le.. the BW-5147
mostly in fractions 7 and 8. faintly in fraction 6, and it fusion partner and theAg fibroblast line. Thus theconwas absent in the other fractions.
Of note, these fractions clusion determined from these findings is that poly A
corresponded to those encoding for maximal immunosupmRNA from TZD4 cells encodes forIgGBF.
pressive activity (Fig. 5). Because the 37-kD polypeptide
IgGBF has beencharacterized as a glycoprotein in
of TzD4 which the sugarmoiety is apparently notinvolved in the
was a)specifically present in immunoprecipitates
translation productsand b) found only in immunoprecip-IgG-binding site (1
9).The results,
described herein, showitates corresponding tothe biologically active fractionsof
ing that IgG-binding suppressive molecules were synthethe gradient, these data
may indicatethat it corresponds
sized in rabbit reticulocyte lysates, confirm this obserto In uftro-translated IgGBF.
vation and suggest that, similar to other lymphokines,
such as interferon-/3 (19a) and -y (C. Vaquero, unpubDISCUSSION
lished data) or interleukin 2 (20) and antigen-specific
modiIn oocytes and reticulocyte lysates, poly A RNA ex- suppressor T cell factor (21). no post-translational
tracted from the T2D4 T hybridoma line was found to fications are necessarytoobtain
biologically active
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IgGBF.
Translation of fractionated poly A RNA resulted in the
biosynthesis of immunosuppressive proteins binding to
IgG. In both translation systems,i.e., reticulocyte lysates
and oocytes, the bulk of suppressive activity was
encoded
by 9 to 1 3 s mRNA. In the oocyte translation system, a
maximalsuppressiveactivitywasobtainedwith1
1s
mRNA. Some biologic activity was also encountered toa
lesser extent around 2 6 s mRNA. It cannot be excluded
that thisactivity might beencoded by a distinct messenger coding for a larger polypeptide having biologic activity
similar to IgGBF. More probably, however, it might correspond to aggregatesof the smaller messengers, as has
already been observed for other lymphokines (22, 23).
After mild treatment that does not significantly alter
biologic activity, T2D4mRNA translation products gave,
in NaDodSO,PAGE, two peaks of suppressive activity
corresponding to 78 and 40 kD. Peaks at identical m.w.
were observed after electrophoresis of TzD4-secreted
IgCBF treated with the same conditions. In another set
of experiments, radioactive translation products of TzD4,
BW-5147, and As mRNA were immunoprecipitated with
Fc fragments ofIgG and were analyzed by NaDodSO,
PAGE after denaturing treatment. The translation
products of T2D4 messengers with immunosuppressive activity revealed the presence of a 37-kD polypeptide, which
was absent in the products of BW-5147 and As mRNA
that were devoid of biologic activity, thus suggesting that
this polypeptide may correspond toIgGBF. Other polypeptides were also immunoprecipitatedby Fcfragments, but
these were also present in the products of As and BW5147 messengers anddisappeared after Fab-Sepharose
clearance indicating that they may nonspecifically bind
to immunoadsorbents. The fact
that this37-kD polypeptide is associated with IgGBF was further substantiated
by the results from a n analysis of immunoprecipitates
obtained with fractionated mRNA. Fractionated in this
manner, it was foundonly in fractions6 to 8, which exert
profound immunosuppressive effects on the in vitro antibody response.
Because, with NaDodSO,PAGE, suppressive activity
dissociates at 78 kD and 40 kD under nondenaturing
conditions and with Fc fragments, IgGBF immunoprecipitates at 37 kD after denaturing treatment, the present
results suggest that the 78
kD may correspond to dimers
of 37-kD polypeptides. These results are in accordance
with ourprevious characterization of radio-labeled IgGBF
produced by T lymphoma cells (24) and by alloantigenactivated T cells (1
9) indicating that it contained a major
chain at 40kD that associates, in the absenceof 0-ME,
into 80-kD dimers.In the human,IgGBF was found to be
composed of 43 kD and polymers with higher M, of a 23kD subunit (25).
Other isotype-specific immunoregulatory Tcell factors
have been described, namelyIgEBF that regulate the IgE
response (26)and theIgABF that suppressesIgA production (8).With respect to IgE regulators produced by T
lymphocytes, the IgE-binding activity appears,after
Sepharose G-75 filtration, around and
40 15 kD, whereas
the immunoregulatory activity (suppressive or potentiating), is found only at around 15 kD (27, 28). Moreover,
IgE-specific suppressor substances produced by a T cell
hybridoma were described as having M, in the order of
45 kD (29).

TzD4 cells secrete IgGBF and express FcyR. Whether
IBF and FcR do or do not represent distinct entities is
still a matter of debate. The fact, however, that theM, of
murine T cell FcyR ranges between 47 and 70 kD (30).
whereas the M, of immunosuppressive IgGBF is around
37 kD, suggests that they might be different molecules
or IgCBF represents part of T cell FcyR.
In conclusion, the present experiments provide evidence that mRNA coding for IgGBF has been isolated
from murine T cell hybrids and the first basis for the
cloning of this factor has
been provided. Upon interaction
with Ig classes and subclasses, the same
hybrids can be
induced to produce IgGIBF, IgG2BF,or IgABF (8,11).Thus
this model provides a useful tool to use in a n attempt a)
to clone the various IBF and b) to study, at theT cell level,
the regulation by Ig isotypes of the expression of the
genes coding for the different isotype-specific IBF.
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