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CELL REPLACING FACTOR (TRF)!
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Murine T cell replacing factor (TRF) was purified
from a cellfree supernatant of a T cell hybridoma
(B151K12) that constitutively produces TRF. Two
assay systems for TRF activity were employed: 1)
induction of anti-DNP IgG PFC responses in cultures
of splenic B cells from DNP-KLH-primed BALB/c
mice, and 2) induction of IgM PFC in chronic B cell
leukemic cells (BCL,). The purification scheme con-
sisted of ammonium sulfate precipitation, DEAE-
cellulose chromatography, Blue-Sepharose chro-
matography, hydroxylapatite chromatography, gel
permeation with fast protein liquid chromatography
(FPLC}, and disc polyacrylamide gel electrophoresis.
Overall, TRF was purified approximately 34,000-
fold with a maximum 3.8% recovery of activity, and
the specific activity of the purified TRF was approx-
imately 9.6 x 10* U/mg. The TRF that is active in
these systems is distinct from the other lympho-
kines such as IL 1, IL 2, BCGFI (now known as
BSF;,), and y-interferon. The TRF is extremely hy-
drophobic, with an apparent m.w. of 50,000 to
60,000 on gel permeation chromatography and
18,000 on SDS-PAGE under reducing conditions.
Highly purified B151-TRF abrogated the activity by
treatment with trypsin but not with RNase. More-
over, it bound to lima bean agglutinin-Sepharose
specific for N-acetylgalactosamine residues, indi-
cating that B151-TRF is a glycosylated glycoprotein
containing N-acetylgalactosamine residues. The
role of N-acetylgalactosamine residues on TRF ac-
tivity was additionally substantiated by the fact
that the addition of appropriate amounts of N-ace-
tylgalactosamine in the assay systems for TRF pref-
erentially induced a profound suppression for TRF-
mediated PFC responses.

It has been generally postulated that B cell proliferation
and differentiation into immunoglobulin(lg)-secreting
cells are regulated by several soluble factors derived from
macrophages and T cells (1). Furthermore, there is grow-
ing evidence to support the idea that different phases of
the B cell response to antigenic stimulation are regulated
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by functionally and biochemically distinct factors (2).
Because complex cellular assay systems have usually
been used in many studies, the precise mechanisms re-
garding the observed result of increased B cell function
are not well understood.

T cell replacing factor (TRF)® has been shown to induce
terminal differentiation of late-developing B cells to an-
tibody-producing cells rather than to augment B cell pro-
liferation (3). A number of laboratories are involved in
the purification of soluble factors that exert stimulatory
effects on B cell differentiation (4-8). Progress has been
limited primarily because of the minute gquantities of
active material produced by T cells. Therefore, there is
little information available on the biochemical properties
of B cell differentiation factors such as TRF.

Of particular interest to us are the properties of TRF
that regulate the terminal differentiation of B cells, which
had been activated in vivo by immunization with antigen
or in vitro by anti-IgM antibody. We previously demon-
strated that extensively T cell-depleted splenic B cells
from mice, as well as murine chronic B cell leukemic
cells (BCL,), could differentiate into antibody-secreting
cells in response to soluble products (TRF) found in
the cellfree supernatants (CFS) of a T cell hybridoma
{B151K12) established by means of fusion of T thymoma
cells and Mycobacterium-primed T cells (9-11). Further-
more, we also demonstrated that the responsiveness of B
cells to B151-TRF was under X chromosome control, as
determined by genetic analysis of the TRF low respon-
siveness of B cells from DBA/2Ha mice (12, 13).

Because B151K12 cells constitutively produce TRF,
and because the target (BCL,) cells are monoclonal in
nature, there is little ambiguity concerning the origin of
the TRF source and the primary target of TRF. To deter-
mine the biochemical characteristics of TRF, we have
fractionated samples of B151K12-CFS by using a variety
of biochemical techniques. The resulting sets of fractions
were then tested for TRF activity that had been previ-
ously observed on antigen-activated B cells and BCL;
cells, and several other lymphokine activities were tested
as controls.

In this report, we describe the purification method used
to enrich TRF activity from the CFS of a murine T cell

3 Abbreviations used in this paper: CFS, cellfree supernatant; TRF, T
cell replacing factor; B151-TRF, TRF in CFS from B151K12 T cell
hybridoma; FS6-CFS, CFS from concanavalin A-stimulated FS6-14.13
cells; LBA, lima bean agglutinin; LcH, lentil lectin; WGA, wheat germ
agglutinin; TEMED, N.N,N’,N'-tetramethylethylenediamine: PFC, plaque

forming cell; BCGFI. anti-IgM antibody-dependent B cell growth factor:
ATS, anti-thymocyte serum.
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hybridoma (B151K12), and we discuss some of the chem-
ical and immunologic properties of the purified TRF.

MATERIALS AND METHODS

Animals. BALB/cCrSic mice were obtained from the Shizuoka
Agricultural Cooperative Association for Laboratory Animals, Ha-
mamatsu, Japan. All animals were used at 5 to 8 wk of age.

Reagents. Keyhole limpet hemocyanin (KLH; Calbiochem Corp.,
San Diego, CA) and hen egg albumin (OVA; Sigma Chemical Co., St.
Louis, MO) were used as carrier proteins. 2.4-Dinitrophenyl (DNFP)
groups were introduced into those proteins by described methods
(8). and DNPg-KLH and DNP4-OVA were prepared. Subscripts refer
to the average number of DNP groups per molecule of protein.
Various lectin-conjugated agarose gels (LBA-gel. LcH-gel, and WGA-
gel)® were obtained from E. Y. Laboratories (San Mateo, CA). Various
monosaccarides were obtained from Sigma.

Antisera. Monoclonal anti-Thy-1.2 antiserum (clone F7D5) was
obtained from Olac 1976, Bichester Oxon, England. Rabbit antibody
specific for mouse u-chain was raised by immunizing purified IgM
secreted by myeloma MOPC104E cells.

BCL, cells. BCL, tumor, originally donated by Dr. Vitetta (Univer-
sity of Texas Health Science Center at Dallas, TX}. was maintained
by in vivo passage in BALB/c mice. BCL, cells were prepared from
mice that had carried the BCL, tumor more than 4 wk, according to
the method described (11). BCL, cells were selected by discontinuous
Percoll gradient centrifugation.

Preparation of CFS of T cell hybridomas. CFS from a T cell
hybrid clone, B151K12, established by means of fusion between
Mycobacterium-primed T cells and BW5147 thymoma cells, was
prepared according to the described method (9). In brief, B151K12
cells were inoculated into Falcon plastic dishes (100 mm diameter,
Faicon No. 3001) containing 20 ml of RPMI 1640-10% fetal calf
serum (FCS) in an inoculum size of 1 to 3 X 10° cells/dish, were
cultured in a CO, incubator at 37°C for 24 to 48 hr without stimu-
lation by purified protein derivative (PPD) or by mitogen, and their
culture supernatants were collected. CFS from concanavalin A-
stimulated FS6-14.13 cells were prepared according to the method
described by Harwell et al. (14).

Ammonium sulfate precipitation. CFS derived from B151K12
cells were fractionated by ammonium sulfate precipitation at 4°C.
Sufficient (NH4).SO4 powder was slowly added to the supernatants
to achieve 50% saturation. The pH of the supernatant was then
adjusted to pH 7.0 with NaOH. Stirring was continued for 1 hr, after
which the supernatant was centrifuged at 10,000 X G for 20 min.
The precipitates were discarded. The precipitation process was then
repeated on the resulting supernatant to prepare precipitates in 50
to 85% (NH,4),SO, saturation. Samples were then either dialyzed
against phosphate-buffered saline (PBS) for biologic assay or against
10 mM Tris-HCl buffer (pH 8.5) in preparation for DE52 column
chromatography.

DEAE-cellulose column chromatography. lon exchange column
chromatography was conducted in a 22 x 450 mm DEAE-cellulose
(DE52, Whatman) column that had been equilibrated in 10 mM Tris-
HCI1 buffer (pH 8.5). The sample that had been prepared by ammo-
nium sulfate precipitation of the B151K12 culture supernatant and
dialyzed against the above buffer was applied to the column at a
flow rate 20 ml/hr. The sample was washed into the column with 5
column vol of starting buffer. A linear gradient was then initiated
by using a final buffer of 0.25 M NaCl in 10 mM Tris-HCI buffer (pH
8.5). An aliquot of each fraction was dialyzed against RPMI 1640
and was assayed for TRF activity.

Blue-Sepharose column chromatography. The concentrated
samples with TRF activity from DE52 column chromatography were
extensively dialyzed against 50 mM Tris-HCI buffer (pH 8.0} and
were applied on a Blue-Sepharose 4B {Pharmacia Fine Chemicals,
Uppsala, Sweden) column (10 x 50 mm). Nonbound fractions were
collected. After extensive washings, materials adsorbed to the col-
umn were eluted with 2 M KCl in 50 mM Tris-HCI buffer (pH 8.0).

Hydroxylapatite column chromatography. Samples containing
TRF from Blue-Sepharose column chromatography were pooled and
dialyzed against 10 mM sodium phosphate buffer (pH 6.7) containing
0.2 M NacCl, and were applied onto a hydroxylapatite (Bio Rad Labo-
ratories, Richmond, CA} column (22 x 85 mm) that was equilibrated
with the above buffer. A linear gradient was then initiated by using
a final buffer of 0.2 M sodinm phosphate buffer (pH 6.7) containing
0.2 M NaCl. A sample of each fraction was diluted in PBS containing
5% FCS, and was assayed for TRF activity.

Gel-permeation column chromatography. Samples containing
TRF from the hydroxylapatite column chromatography step were
pooled and dialyzed against 10 mM HEPES buffer (pH 7.0)in 0.15 M
NaCl, were applied onto TSK gel columns (G3000SW; Toyo Soda Co.
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Ltd., Atsugi, Japan) that were equilibrated with the above buffer,
and were eluted with the same buffer by using fast protein liquid
chromatography system (FPLC: Pharmacia).

Tris-glycine polyacrylamide gel eiectrophoresis (PAGE). Sam-
ples containing TRF after sequential ammonium precipitation, DE52
column chromatography, Blue-Sepharose column chromatography,
hydroxylapatite column chromatography. and gel permeation on
TSK columns were additionally fractionated by Tris-glycine PAGE
according to the method described by Davis (15). The sample (5 to
10 ul) was electrophoresed at 4°C with a running buffer system of
pH 8.3 Tris-glycine. The resolving 5 x 90 mm gels contained 7.5%
acrylamide, TEMED,® and 0.07% ammonium persulfate. The stack-
ing gels were 0.3 ml per tube, and consisted of 3.0% acrylamide,
TEMED, and 0.005% riboflavin. The gels were run at 2.0 mA per
tube, and the electrophoresis was terminated when the tracking dye
(bromophenol blue) was 3 mm from the anode end of the gel. The
gels were sliced into 2.0 mm slices and were then eluted into 1.0 ml
of PBS containing 0.5% bovine serum albumin (BSA) by placing the
slice into a dialysis bag and dialyzing against PBS. The eluted ma-
terial from each fraction was then assayed for TRF, BCGF1,% IL 2,
and interferon (IFN) activity, respectively, according to the methods
described below.

SDS-PAGE analysis. SDS-PAGE analysis was conducted accord-
ing to the method described by Laemmli {16). In brief, samples were
dialyzed twice with SDS sample buffer, were supplemented with 5%
2-mercaptoethanol (for reducing gels only) and 10% glycerol, and
were electrophoresed with a running buffer system of pH 8.9 on 4
cm 15% polyacrylamide slab gels in 0.1% SDS. until the tracking
dye had almost reached the bottom. Prestained m.w. standard pro-
teins (Pharmacia) were also electrophoresed. The gels were sliced
into 2.0 mm slices and were then eluted into 1.0 ml PBS containing
0.5% BSA according to the same method as described in the section
above (PAGE).

Enzyme treatment. Partially purified preparations of TRF were
treated with either insolubilized trypsin or ribonuclease (RNase). The
TRF preparation to be treated was obtained by ammonium sulfate
precipitation, DE52 column chromatography, Blue-Sepharose col-
umn chromatography, hydroxylapatite chromatography, and gel per-
meation chromatography. The sample contained over 200 U/ml of
TRF and no detectable IL 2 activity. The sample was dialyzed against
PBS (pH 7.2) and was treated with either 30 U/ml of insolubilized
trypsin or 12.5 U/ml of insolubilized RNase (Sigma) that had been
washed in PBS. The reaction mixture was incubated at 37°C for 1
hr on a slowly rotating wheel to prevent the insolubilized enzymes
from setting. The factors were harvested by centrifugation, and FCS
was added to 1%. The samples were then dialyzed against RPMI
1640 medium overnight, and were assayed for TRF activity as
described below.

TRF assay. Two assay systems for TRF activity were employed
in the present study: 1) induction of anti-DNP IgG PFC responses in
cell cultures of B cells from DNP-KLH-primed BALB/¢ mice, and 2)
induction of IgM PFC in BCL, cell culture. as described (8, 13). First,
spleen cells from DNP-KLH-primed and boosted mice that had re-
ceived an injection of anti-thymocyte serum (ATS) 2 days before
sacrifice were serially treated with anti-Thy-1.2 antibody plus com-
plement and anti-Lyt-1.2 antiserum plus complement (extensively T
cell depleted), and were used as a B cell source. Those DNP-KLH-
primed B cells (6 x 10%/culture} were co-cultivated with various
concentrations of TRF-containing CFS in the presence of DNP-OVA
(12 ng/culture). The cultures were set up in triplicate. The numbers
of DNP-specific plaque-forming cells (PFC}] were enumerated by a
medification of the method of Jerne and Nordin (17). Because mainly
the IgG class of the anti-DNP PFC response was detected under the
conditions employed, only the number of anti-DNP IgG PFC is listed
in the Results.

Secondly, spleen cells from BCL,-bearing mice, which had re-
ceived an ATS injection 2 days before sacrifice, were treated in vitro
with anti-Thy-1.2 plus complement and anti-Lyt-1.2 plus comple-
ment. The recovered cells were layered on discontinuous Percoll
gradients (20, 30, and 40%) and were centrifuged at 1800 rpm for
20 min. BCL, cells were recovered in the interphase between the 30
and 40% Percoll gradients. The BCL, cells (1.5 x 105%/culture) were
cultured with the appropriate concentrations of CFS of B151K12 in
microtiter plates for 8 days. After washing the cultured cells with
Hanks’ balanced salt solution, the cell suspension was mixed in
0.5% agarose containing SRBC sensitized with protein A. The num-
bers of IgM-producing cells were enumerated by a reverse PFC assay
by using rabbit anti-mouse IgM for the facilitating antibody, as
described (8).

An arbitrarily chosen unfractioned B151K12-CFS was defined as
containing 20 U/ml and was used as a standard in every assay. This
standard TRF preparation induced maximal PFC responses up to
dilutions of 1/6 to 1/3, as measured by using DNP-primed B cells,
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and 1/10 and 1/20, as measured by using BCL, cells. In each
experiment, a dose-response titration of unfractionated B151K12
supernatant was also performed. A unit of TRF activity in each
fraction was defined as the reciprocal dilution yielding a PFC re-
sponse that was 50% of the maximal response to a standard TRF
preparation.

Anti-IgM-dependent B cell growth factor (BCGFI)assay. Samples
were assayed for BCGFI (now known as BSFy,) in a co-stimulator
assay with anti-IgM, as described {18}, Purified B cells were prepared
from BALB/c mice by modification of the procedures described by
Leibson et al. (19) as well as Howard et al. (18). The cells were plated
at a final concentration of 2.5 X 10° cells/ml (5 X 10* cells/0.2 ml
culture) and were stimulated with rabbit IgG anti-mouse g-chain at
a final concentration of 2 ug/ml, with or without BCGFI, for 3 days.
The cells were pulsed with tritiated thymidine (3H-TdR) for the last
18 hr of the incubation period, and were assayed for H-TdR incor-
poration as described (9). A unit of BCGFl is defined as the reciprocal
of the dilution yielding a response, in counts per minute (cpm), that
is 50% of the maximal response to a standard BCGFI preparation.

IL 2 assay. IL 2 activity was determined by a modified microassay
method with the use of IL 2-dependent murine cloned cytotoxic T
cells (GY 1 cell line) according to the method described by Stadler et
al. (20). A unit of IL 2 is defined as the reciprocal of the dilution
yielding a cpm response that is 50% of the maximal response to a
standard IL 2 preparation.

IFN assay. IFN activity was assayed on mouse L929 cells by the
50% plaque reduction method, as described by Epstein et al. (21).
The CFS of PPD-stimulated, mouse Mycobacterium-primed spleen
cells were used as the standard IFN preparation (17 U/ml).

Statistical analysis. Individual experiments were repeated at
least four times. The numbers of PFC/culture were logarithmically
transformed. and the geometric means and standard errors were
calculated. Group comparisons were made by employing Student’s ¢
test.

RESULTS

The CFS derived from a T cell hybridoma (B151K12)
that had been established by means of fusion between
Mycobacterium-primed T cells with BW5147 thymoma
cells was used as a source of TRF, because B151K12 cells
constitutively produce TRF without secreting measurable
amounts of IL 2 or BCGFI (9, 22). The biochemical char-
acterization of TRF is based on two assay systems: 1)
induction of anti-DNP IgG PFC responses in cell cultures
of B cells from DNP-KLH-primed mice, and 2) induction
of IgM PFC in BCL, cell cultures. In each experiment, a
dose-response curve titration of unfractionated CFS of
B151K12 cells was performed. One of the representative
results for the TRF assay is shown in Figure 1. First,
spleen B cells from DNP-KLH-primed mice that had been
pretreated with ATS 2 days before sacrifice, followed by
sequential treatment in vitro with anti-Thy-1 antibody
plus complement and anti-Lyt-1 antibody plus comple-
ment, were tested for the ability to respond to the CFS of
B151K12, resulting in anti-DNP IgG PFC. As it is evident
from Figure 1A, the addition of CFS of B151K12 alone to
the culture of DNP-primed B cells in the presence of DNP-
OVA gave rise to a significant number of PFC in a dose-
dependent manner after 5 days of culture. Under these
conditions, Con A-stimulated, FS6-14.13-derived CFS
alone (which contains at least IL 2 and BCGFI) was not
sufficient to reconsitute the PFC response.

Secondly, Percoll-purified BCL; cells were cultured
with CFS from various T cell hybridomas for 3 days, and
then the number of IgM PFC was enumerated by a reverse
PFC assay. As shown in Figure 1B, the addition of
B151K12-CFS induced polyclonal IgM secretion by Per-
coll-purified neoplastic B cells from the BCL, tumor with-
out any anti-Ig stimulation. In contrast, the supernatant
from FS6-14.13 did not induce any polyclonal IgM secre-
tion under the same conditions. These results are in

PURIFICATION OF TRF

400 A

aQo

200

100

Anti-DNP I1gG-PFC/culture

2000 B
1500
1000

5001

IgM PFC 7 culture

o, Cell free Supernatant (v/v)

Figure 1. Representative dose-response curves for the TRF activity by
using unfractionated CFS of B151K12 cells (@——@) or of FS6-14.13 cells
(O——0). A. Anti-DNP IgG PFC responses of DNP-KLH-primed B cells: B.
IgM PFC responses of BCL, cells.

agreement with our previous observations (9, 11), and
also indicate that the addition of unfractionated
B151K12 supernatant, but not FS6-14.13 supernatant,
could induce differentiation of both DNP-primed B cells
and neoplastic B leukemic {BCL,) cells into antibody-
secreting cells in a dose-dependent manner. Moreover,
assay systems with the use of BCL, cells for TRF activi-
ties are more suitable than those with the use of DNP-
primed B cells to obtain positive responses in short pe-
riods of time (2 days). An arbitrarily chosen unfraction-
ated B151K12-CFS was defined as containing 20 U/ml,
because a 1/20 dilution of a test sample gave approxi-
mately 50% of the maximal response when using the
BCL, assay (Figure 1B).

Purification of B151-TRF. The B151K12 cells were
cultured in RPMI 1640 medium containing 10% FCS and
5 X 107° M 2-mercaptoethanol for 2 days, and 2 to 3 liters
of CFS were harvested per week. CFS of B151K12 was
salted out with (NH,).SO, in the range of 50 to 85%
saturation. Most of the TRF activity was recovered in this
fraction. After extensive dialysis against 10 mM Tris-HC1
buffer (pH 8.5), samples were applied to a DE52 column
and were eluted with a O to 0.25 M NaCl linear gradient
in 10 mM Tris-HCI buffer (pH 8.5). The TRF activity at
each fraction was determined by using DNP-primed B
cells or BCL, cells. One of the representative results is
shown in Figure 2. A single peak of TRF activity was
observed that eluted at approximately 75 mM NaCl. Be-
cause TRF activity was recovered from fractions before
elution of major protein peaks, TRF-active fractions rep-
resented a 340-fold increase in specific activity, with a
67% recovery.

Because TRF activities titrated by using DNP-primed B
cells were detected at the same fractions as those assayed
by using BCL, cells, the following assay for TRF activity
at various purification steps was conducted by using
BCL; cells alone, and the results are expressed as units
of TRF activity per milliliter, calculated as described in
Materials and Methods.
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Figure 2. lon exchange chromatography of TRF activities. Fifty milli-
liters of dialyzed samples that had been obtained from ammonium sulfate
precipitation (50 to 85% saturation) from 3000 ml of B151K12 superna-
tant were fractionated by DEAE-cellulose chromatography, as described
in Materials and Methods, and both TRF activity (@——@) and absorb-
ance at 280 nm {--——- }at each fraction were assessed. TRF activity at each
fraction was assayed on DNP-KLH-primed B cells (A) and BCL, cells (B),
respectively. Arrows indicate the starting and ending points of the elution
gradient, which was linear from O to 250 mM NaCl in 10 mM Tris-HCI
buffer, pH 8.5.
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Figure 3. Blue-Sepharose column chromatography of TRF activities.
The results are expressed as units of TRF activity per fraction. Ten
milliliters of concentrated samples after DE52 chromatography were
applied on a Blue-Sepharose column, as described in Materials and
Methods, and both TRF activity (@§——@) and absorbance at 280 mm
(-----) at each fraction were assessed. Materials bound to Blue-Sepharose
were eluted with 2 M KCI in 50 mM Tris-HCl buffer, pH 8.0. The TRF
activity of each fraction was titrated by using BCL, cells.

The TRF-active fraction from the DEAE column step
was concentrated, dialyzed, and applied to a Blue-Seph-
arose column. Nonbound materials to the Blue-Sepharose
column were recovered, and bound materials were eluted
with 2 M KCl in 50 mM Tris-HCI buffer (pH 8.0). The TRF
activity and protein profile obtained are shown in Figure
3. Most of the TRF activity was recovered from nonad-
sorbed fractions to Blue-Sepharose.

The TRF-active fractions from the Blue-Sepharose col-
umn were dialyzed against 10 mM sodium phosphate
buffer (pH 6.7) containing 0.2 M NaCl, and were then
applied to a hydroxylapatite column and were eluted with
a 10 to 200 mM linear gradient of sodium phosphate
buffer at pH 6.7 in 0.2 M NaCl. TRF activity of each
fraction was tested by using BCL, cells. Most of the TRF
activity was recovered in the fractions eluted with ap-
proximately 70 mM sodium phosphate buffer (pH 6.7)
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Figure 4. Hydroxylapatite column chromatography. The dialyzed sam-
ple of the Blue-Sepharose eluate was additonally fractionated on a hy-
droxylapatite column, as described in Materials and Methods, and both
TRF activity (@——®) and absorbance at 280 nm (----- ) at each fraction
were assessed. The TRF activity was determined by BCL, cells. Arrows
indicate the starting points of the elution gradient, which was linear from
10 to 200 mM sodium phosphate buffer, pH 6.7 in 0.2 M NaCl.
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Figure 5. Gel permeation chromatography. The active fraction from
the hydroxylapatite column were concentrated and additonally fraction-
ated on a TSK column (G3000 SW), as described in Materials and
Methods. The positions of apparant m.w. of reference proteins BSA
(67,000), OVA (43,000), and soybean trypsin inhibitor (20,000} are shown
by arrows. Shown are TRF activity (§——@) and absorbance at 280 nm
(===

(Fig. 4).

To examine the hydrophobicity of partially purified
B151-TRF at this stage, the TRF-active fractions from
the hydroxylapatite column step were dialyzed against
0.1% trifluoroacetic acid (TFA) and were applied on a
ProRPC HR5/10 column (Pharmacia) connected with
FPLC and eluted with a O to 80% acetonitrile linear
gradient in 0.1% TFA. After extensive dialysis against
RPMI medium, the TRF activity at each fraction was
determined. The TRF activities were recovered at the
fraction between 44 to 48% of acetonitrile in 0.1% TFA,
suggesting that B151-TRF is extremely hydrophobic in
nature (data not shown).

To purify B151-TRF by gel permeation chromatogra-
phy, TRF-active fractions from the hydroxylapatite col-
umn step were concentrated, dialyzed, and applied on a
TSK (G3000 SW) column connected with FPLC. The re-
sults of TSK-FPLCrun in 10 mM HEPES buffer at pH 7.0
in 0.15 M NaCl showed one major and one minor 280 nm
absorbing peak. The TRF activity was recovered at the
fractions behind the major 280 nm absorbing peak, and
it corresponded to an apparent m.w. of 50,000 to 60,000
(at peak 54,000), as shown in Figure 5.

The TRF-active fraction from the gel permeation col-
umn step was concentrated and applied to disc polyacryl-
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amide gel electrophoresis. After electrophoresis, the gels
were sliced at every 2 mm, were eluted in PBS containing
0.5% BSA overnight, and were assayed for TRF activity
by using BCL, cells. The results are shown in Figure 6.
Two bands, one major and one minor, were observed by
staining the gels with Coomassie Brilliant Blue. More
than 65% of the applied TRF activity was recovered in
association with the minor band. In this step, recovery of
the protein was arbitrarily calculated by the method
based on the ratio of each area corresponding to absorb-
ing patterns at 550 nm. Overall, B151-TRF was purified
approximately 34,000-fold, with a maximum 3.8% recov-
ery of activity (Table I). The materials at this point were
used for characterization of TRF.

To estimate the apparent m.w. under the reducing
conditions, we ran the samples of the five-step-purified
B151-TRF on SDS-PAGE. After electrophoresis, portions
of the resulting gels were used for silver staining to detect
protein, and rest of the gels were sliced every 2 mm, were
eluted in PBS containing 0.5% BSA overnight, and were
assayed for TRF activity. As shown in Figure 7, the
biologic activity of B151-TRF resides at apparent m.w. of
48,000, 36,000, and 18,000 under nonreducing condi-
tions, and it migrates at approximately 18,000 under
reducing conditions. At least three bands were visible in
the silver-stained gel (under reducing conditions), includ-
ing one compatible (approximately 18,000 daltons) with
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Figure 6. Polyacrylamide gel electrophoresis. The active fractions
from the gel permeation chromatography were concentrated and addition-
ally fractionated by polyacrylamide gel electrophoresis, as described in
Materials and Methods. After electrophoresis, a portion of the gels were
stained with Coomassie Brilliant Blue and were monitored by a densitom-
eter at 550 nm (----- ). The TRF activity (@§——@) in eluted materials from
each gel slice was determined by BCL, cells.
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the TRF activities demonstrated in Figure 7 (Fig. 8). By
contrast, at least two bands (apparently 48,000 and
36,000 daltons) were visible under nonreducing condi-
tions, each of which is compatible with the TRF activities
in Figure 7 (data not shown). Comparison of the staining
intensities of these bands with a series of tracks contain-
ing known amounts of marker proteins allowed rough
calculations of the amounts of protein present. If one
assumes that the indicated bands in Figure 8 are indeed
B151-TRF, BCL, assays would detect TRF activity at
concentrations of about 107" M.

Characterization of B151-TRF. To confirm that puri-
fied material from B151K12-CFS exerts only TRF activ-
ity, other nominal lymphokine activities of highly puri-
fied B151-TRF were analyzed. BCGFI activity was mea-
sured by co-stimulating assay by using purified B cells
with suboptimal doses of soluble anti-IgM antibody. IL 2
activity was determined by using the IL 2-dependent long-
term-cultured CTLL line. IFN activity was determined by
a standard blocking effect on virus replication in a cul-
tured murine fibroblast cell line (L929) (20). As can be
seen in Table I, BCGFI, IL 2, and IFN activities were not
detectable in highly purified B151-TRF preparations, in-
dicating that B151-TRF is a distinct molecule from
BCGFI, IL 2, and IFN.

To characterize the molecular nature of B151-TRF,
TRF was treated with protease and nuclease, respec-
tively, and the remaining TRF activity was measured. As
can be seen in Table III, TRF activity was abolished by
the treatment with trypsin, whereas RNase treatment did
not affect the TRF activity, indicating that B151-TRF is
protein in nature. The stability of B151-TRF to acid
treatment or heat treatment was also examined. B151-
TRF was stable to dialysis against glycine-HCl buffer at
pH 2.0 for 18 hr, and was also stable to heat treatment
(56°C, 30 min).

Functional characterization of B151-TRF. Because it
is reported that various lymphokines have binding affin-
ity to plant lectin, the TRF-adsorbing activity of insolu-
bilized lectin was examined. The partially purified B151-
TRF was applied to LBA-, LcH-, or WGA-coupled-agarose
gel columns. Effluent fractions from each gel were col-
lected, and the adsorbed materials were eluted with the
relevant monosaccharide from each column. TRF activity
in each fraction from each column was tested. One of the
representative results is shown in Table IV. Most of the
TRF activity was recovered in effluents from both the
LcH-gel and the WGA-gel, whereas little TRF activity was

TABLE 1
Purification of mouse TRF from B151K12 T cell hybrid cell culture®

Total

TRF Specific Purification

P“”Sfica“"" Protein® Activity Activity (fold Rec(';v)ery
€p {mg) (1 X 10% units) (units/mg) increase) i
Starting material 21.000 6.00 2.86 1 100
Ammeoniam sulfate fraction 10.120 5.67 5.60 1.96 94.5
DEAE-cellulose chroma- 40.5 4.02 9.93 x 10? 347 67
tography
Blue-Sepharose column 16.2 3.68 2.27 x 10° 794 61
Hydroxylapatite column 1.51 2.09 1.38 x 10* 4,839 35
Gel permeation on 0.24 1.01 4.21 x 10* 14,714 16
TSK(G3000 SW)
Polyacrylamide gel 0.024 0.23 9.58 x 10* 33.508 3.8

electrophoresis

2 Supernatant was prepared with 10% FCS and was 3000 ml in vol.
b protein concentrations were determined relative to BSA standards by using the Bio-Rad protein assay.
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Figure 7. SDS-PAGE analysis of partially purified B151-TRF. The
TRF active sample from gel permeation column chromatography was
analyzed with SDS-PAGE under nonreducing (upper panel) or reducing
conditions (lower panel)., according to the methods described in Materials
and Methods. TRF activity in eluted materials from each gel slice was

assayed by using BCL, cells.
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Figure 8. SDS-PAGE followed by silver staining of partially purified
B151-TRF. A. The sample of partially purified B151-TRF under the
reduced conditions in Figure 7; B. Standard marker proteins.

TABLE 11
Lymphokine activities in highly purified B151-TRF

Lymphokine Activities (units/ml)

Factors
TRF BCGFI IL2 IFN
B151-TRF 200.0 <0.5 <0.5 <1.0
FS6-CFS <0.5 18.0 8.0 ND?
PPD-CFS* 16.0 <0.5 12.0 17.0

@ CFS of purified protein derivative-stimulated Mycobacterium-primed
spleen cells.
? Not done.

detected in effluent from the LBA-gel. Moreover, more
than 60% of the original TRF activity was recovered from
the LBA-gel by eluting with 0.2 M N-acetylgalactosamine.
By contrast, eluates from the LcH gel with 0.2 M a-
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TABLE 111
Abolishment of TRF activity by digestion with trypsin but not with
RNase®
B Percent
SIRF Treatment ATllff‘ Loss of
ureg VY Activity
Expt. 1. B151K12 None 200 0
Trypsin 6 98
RNase 208 -4
Expt. 2. B151K12  None 200 0
Acid dialysis 180 10
(PH 2.0)
Heat treatment 184 8
(56°C. 30 min)

“In experiment 1, the B151-TRF (200 U/ml) was treated with trypsin
or RNase according to the method described in Materials and Methods.
In experiment 2, the same batches of B151-TRF were dialyzed against 50
mM glycine-HCI (pH 2.0) for 18 hr or were treated with heat at 56°C for
30 min. The residual TRF activity was measured by using BCL, cells. The
results are expressed as geometric means of TRF activity (units/milliliter).

TABLE 1V
Binding of TRF to various insolubilized lectin gels®

TRF Activities (units/

Lectin ml) Percent
Agarose Binding
Effluent Eluate
LBA 26 128 59
LcH 196 18 7
WGA 182 21 16

@ TRF-active fractions (250 U/ml) from gel permeation chromatography
were applied to various lectin-conjugated agarose gels (4 ml gel) and the
effluent fractions were collected. The materials adsorbed on LBA-gel,
LcH-gel, and WGA-gel were eluted with 0.2 M N-acetylgalactosamine, 0.2
M a-p-mannose or 0.1 M N-acetylglucosamine, respectively. After exten-
sive dialysis of each sample. the TRF activity was measured by using
BCL, cells, and total TRF activities recovered at each fraction were
calculated.

methylmannoside or from the WGA-gel with N-acetylglu-
cosamine did not show significant TRF activity. Taking
all of the results together, it is most likely that B151-TRF
contains N-acetylgalactosamine residues in the molecule.

Because B151-TRF contains N-acetylgalactosamine
residues, it is worthwhile to test whether the N-acetyl-
galactosamine residue plays an important role in the
expression of TRF activity. One of the approaches em-
ployed here was to investigate the blocking effect of
various monosaccharides on B151-TRF-induced PFC re-
sponses. As a control, the effect of monosaccharides on
the anti-2,4,6-trinitrophenyl (TNP) IgM PFC response in-
duced by TNP-LPS was also examined. One of the repre-
sentative results is shown in Table V. The addition of 10
mM N-acetylgalactosamine to the cultures for TRF assay
induced profound suppression of anti-DNP IgG PFC re-
sponses mediated by B151-TRF, whereas neither N-ace-
tylglucosamine nor fucose inhibited TRF-induced PFC
responses. However, the same concentrations of N-ace-
tylgalactosamine did not inhibit anti-TNP PFC responses
induced by TNP-LPS, suggesting that N-acetylgalactosa-
mine residues of B151-TRF may play an important role
in the expression of TRF activity.

DISCUSSION

The present experiments defined a molecule (TRF) that
induces differentiation and/or maturation of B cells from
DNP-KLH-primed mice, as well as chronic B leukemic
cells, to antibody-secreting cells. Because the B151K12
cells, when grown in a RPMI 1640 medium containing 2
to 10% FCS and 5 X 107® M 2-mercaptoethanol, produce
constitutively TRF (10), we chose CFS of B151K12 cells
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TABLE V
Blocking effect of various monosaccharides on in vitro PFC responses

Anti-DNP IgG PFC Anti-TNP IgM PFC

Stimulants Monosaccharide per Culture per Culture

None — 68 (1.02)

B151°® None 548 (1.09)
N-acetylgalactosamine 79(1.11) ND*¢
N-acetylglucosamine 596 (1.06)

Fucose 502 (1.11)

None — 28(1.14)

TNP-LPS? None 363 (1.04)
N-acetylgalactosamine ND 274 (1.02})
N-acetylglucosamine 382 (1.05)
Fucose 302 (1.09)

@ Concentrations of monosaccharides were N-acetylgalactosamine, 10
mM: N-acetylglucosamine, 10 mM; and fucose, 10 mM.

® DNP-primed B cells were cultured with highly purified B151-TRF (20
U/ml) (after gel permeation step) in the presence of or in the absence of
various monosaccharides. All of the cultures were stimulated with DNP-
OVA (12 ng/culture) and were assayed for anti-DNP IgG PFC at day 5.

¢ Not done.

4 Normal B cells were stimulated with TNP-LPS (1 ug/ml) in the pres-
ence or absence of various monosaccharides and were assayed for anti-
TNP IgM PFC at day 4.

as a starting material for TRF purification. The TRF has
been sequentially purified from CFS by DEAE-cellulose
chromatography, a Blue-Sepharose column, hydroxylap-
atite chromatography, gel permeation column chroma-
tography on a TSK column (G3000 SW) with a FPLC
system, and disc polyacrylamide gel electrophoresis.
Starting from 3 liters of B151K12-CFS, the B151-TRF
was purified approximately 34,000-fold, with a final re-
covery of approximately 3.8% (Table I). This purified
materials exerted only TRF activity, without any other
known lymphokine activities such as BCGFI, IL 2, and
IFN (Table II). Because the TRF activity was abrogated by
treatment with trypsin but not RNase (Table III), B151-
TRF is protein in nature.

The purified B151-TRF isolated in the present study
has an apparant m.w. of 50,000 to 60,000, as determined
by gel permeation chromatography (Fig. 5) and by Ultrogel
AcA 54 column chromatography, as described previously
(9). in salt solution. The TRF-active molecules at this
purification step are mildly acidic (pI 4.9 to 5.1) (9) and
extremely hydrophobic according to our recent analysis
by using reverse phase column chromatography with
high pressure liquid chromatography.

As shown in Figure 7, the biologic activity of purified
B151-TRF after the gel permeation column step residues
at an apparent m.w. of both species of 48,000 (a minor
peak) and 36,000 (a major peak) in SDS-PAGE analysis
under nonreducing conditions, and it migrates as an
approximate 18,000 dalton molecule under reducing con-
ditions. These results may imply that native B151-TRF
has an apparent m.w. of 50,000 to 60,000 (peak at
54,000) on gel filtration, and dissociates to an 18,000
m.w. species by SDS under reducing conditions. There-
fore, we believe the molecule of 18,000 daltons to be a
monomer.

Concerning the biologic properties of TRF, the obser-
vations that B151-TRF could bind to the LBA-conjugated
agarose gel and that the activity was recovered in the
fraction eluted with 0.2 M N-acetylgalactosamine (Table
1V) should be stressed. These results indicate that B151-
TRF contains N-acetylgalactosamine residues. Further-
more, the addition of N-acetylgalactosamine into the as-
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say system for TRF by using DNP-primed B cells induced
a profound suppression of TRF-mediated anti-DNP IgG
PFC responses (Table V), indicating that N-acetylgalac-
tosamine residues in the B151-TRF molecule may play
an important role for the expression of TRF activity and/
or binding of TRF to the acceptor site(s) on target cells.

It is clear that we are far from a complete understand-
ing of the molecular mechanism of T cell-derived factors
that govern B cell proliferation and differentiation into
antibody-forming cells. Many soluble factors have been
reported to affect the later stages of B cell differentiation,
as reviewed by Howard and Paul (2). Isakson et al. (5)
described the existence of two kinds of B cell differentia-
tion factors, termed BCDFy and BCDFy. These lympho-
kines appear to act directly on activated normal B cells
(or in the case of BCDFy, on BCL, cells) to induce the
synthesis and secretion of IgM or IgG, respectively. Ac-
cording to their results, B151-TRF could only induce
secretion of IgM from normal B cells, as well as BCL,
cells. Therefore, B151-TRF belongs to BCDFu but not to
BCDFy (5). However, as we reported in preceding papers
and also in the present study, B151-TRF induces re-
markable IgG PFC responses. The reasons for the discor-
dant results between ourselves and the other investiga-
tors may be due to different assay systems, and addi-
tional analysis of mechanisms for class-switching from
IgM to IgG by using highly purified B151-TRF may con-
tribute to understanding the functional differences be-
tween B151-TRF and BCDFy.

Leibson, et al. (19, 23) reported that IFN+y could induce
terminal differentiation of B cells in combination with IL
2. Our results distinguish B151-TRF from a number of
previously described lymphokines (IL 1, IL 2, BCGFI, and
IFN), because the highly purified B151-TRF material did
not show any significant BCGFI, IL 2, or IFN activity
(Table II). Furthermore, the addition of CFS containing IL
2 and BCGFI to the assay systems for TRF employed in
the present study did not induce PFC responses (Fig. 1).
Moreover, the addition of IFNy produced by recombinant
DNA technology does not trigger BCL, cells for IgM-se-
creting cells (unpublished observation). These results
strongly indicate that the TRF distinct from IL 2 and IFN
can induce terminal differentiation of B cells into anti-
body-forming cells. However, this does not exclude the
possibility that IFN«y exerts its activity to B cells in com-
bination with IL 2, giving rise to antibody-secreting cells.
It is possible that the B cell population responsive to
B151-TRF is distinct from that responsive to IFNy, be-
cause B cells that were activated by anti-IgM antibody
and BCGFI responded to B151-TRF and EL-TRF with
synergism (22).

Melchers and his associates (4) described antigen-non-
specific helper factors from helper T cell lines inducing
the replication and maturation of B cells. They provision-
ally named those factors as B cell replication and matu-
ration factors (BRMF). According to their results, BRMF
act on B blastoid cells that have been activated with
helper T cells and antigen in a major histocompatibility
complex-restricted fashion. It is too early to compare our
B151-TRF with their factors on a molecular basis.

Recently, Sidman and his collaborators (7) reported the
initial biochemical characterization and purification of B
cell maturation factors (BMF), which is a lymphokine or
family of lymphokines promoting the maturation of some
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tumor lines of B cell lineage, as well as normal B cells.
According to their results, BMF molecules are distinct
lymphokine from IL 1, IL 2, granulocyte-macrophage-
CSF, IFN and BCGFI, and are probably heterogeneously
glycosylated glycoproteins with an apparent m.w. of
50,000 to 55,000 by gel permeation chromatography and
16,000 by SDS-PAGE. As judged from the apparent m.w.
of B151-TRF, BMF has very similar features to B151-
TRF.

Swain, Dutton, et al. (24, 25) recently found B cell
growth factor (BCGFI]) in CFS from antigen-activated T
cell clones or T cell hybridomas. According to their find-
ings, BCGFII activity can be assayed in a co-stimulator
assay with normal B cells and dextran sulfate or with the
BCL, in vivo line. Moreover, CFS of B151K12 exerted
potent BCGFII activities on BCL, cells. Therefore, the
question arose in our mind as to whether partially puri-
fied B151-TRF exerts BCGFII activity on the BCL, in vivo
line. During the course of the purification procedure,
BCGFII activity was also tested. BCGFII activities always
resided in the same fraction in which TRF activity was
detected. The highly-purified B151-TRF preparation (ap-
parently 18,000 daltons) after SDS-PAGE (under reduc-
ing conditions) also showed BCGFII activity (unpublished
observation). Therefore, it appears that the B151-TRF
analyzed in the present study may exert growth and
differentiation signals on B cells. To clarify this point
further, the stimulatory effect of purified B151-TRF on
the growth and differentiation of B blastoid cells, as well
as resting B cells, is under investigation.

Besides the possible existence of various T cell factors
responsible for B cell differentiation, we have to locate
the functional site of various T cell factors at the sequen-
tial steps of B cell differentiation. Only this may enable
us to define the real functions of the T cell factors. When
a cloned B cell line is available in which the differentia-
tion stage is functionally defined, we will be in a position
to determine what kinds of helper T cell factors are
required in the process of B cell differentiation. As judged
from our results described here, we speculate that B151-
TRF acts on at least mature B cells at their terminal
differentiation stage to antibody-forming cells.

The studies reported herein provide first step purifica-
tion of sufficient quantities of TRF to distinguish the
active molecule responsible for B cell differentiation. At
present, studies are in progress to additionally character-
ize the molecule with respect to its primary structure, as
well as its role for B cell differentiation and/or matura-
tion.
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