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Abstract

Production of B cell growth factor (BCGF) from B-chronic lym-
phocytic leukemia (B-CLL) cells was demonstrated. Freshly
isolated monoclonal B-CLL cells expressed surface A, 6, Bi, and
Leu 1, but not Ba (an antigen expressed only on activated B
cells). Upon stimulation with anti-IgM, they secreted BCGF,
which could act on anti-IgM-stimulated autologous leukemic
cells as well as anti-IgM-stimulated normal B cells. Cell lines
established from these leukemic cells also constitutively secreted
BCGF. The BCGFfrom B-CLL cells or established cell lines
induced neither proliferation nor enhanced HLA-DRexpression
in resting B cells. These results show the presence of B cell-
derived BCGF, which is distinct from BSF-1 and effective only
on activated B cells. They also suggest that an autocrine mech-
anism may operate in the growth of B-CLL cells.

Introduction

Recent studies have demonstrated the involvement of several
soluble factors with different functions in the growth and dif-
ferentiation of antigen-stimulated B cells ( 1-3). Several of these
factors have been well characterized and the gene encoding B
cell stimulatory factor-I (BSF- 1),' which was originally desig-
nated B cell growth factor-I (BCGF-I) has been cloned (4, 5).
BSF-l shows synergy with anti-IgM in the proliferation of resting
B cells. BSF- 1 is not strictly a growth factor; however, it is re-
sponsible for the activation of resting B cells (6-8). Therefore,
a growth factor for B cells comparable to interleukin 2 (IL-2)
for T cells has yet to be identified. Our previous report (9) as
well as several other studies (10-14) showed that activated B
cells or transformed B cell lines secreted B cell growth factor(s)
that could induce the proliferation of activated, but not resting
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1. Abbreviations used in this paper: anti-s, anti-IgM; BCGF, B cell growth
factor; BCDF, B cell differentiation factor; BSF-1, B cell stimulatory
factor-i; CLL, chronic lymphocytic leukemia; EBV, Epstein Barr virus;
EBNA, Epstein Barr nuclear antigen; FACS, fluorescence activated cell
sorter; FCS, fetal calf serum; FITC, fluoroisothiocyanate; y-IFN, gamma
interferon; HTLV, human T cell leukemia virus; IL-I, 2, interleukin 1
or 2; ISaIg, insoluble anti-immunoglobulin; MNC, mononuclear cells;
PBL, peripheral blood lymphocytes; PHA, phytohemagglutinin; SAC,
Staphylococcus aureus Cowan I; 6MPDR, 6-methylpurine deoxyriboside;
TdR, [3H]thymidine; TR, Texas Red.

B cells, suggesting an autocrine mechanism in B cell proliferation
as in the case for T cell growth.

In this study, we report the likelihood that a B cell-derived
B cell growth factor (B-BCGF) may be involved not only in the
regulation of normal B cells growth but also in the proliferation
of neoplastic B cells. The results show that leukemic B cells
freshly isolated from a patient with B-chronic lymphocytic leu-
kemia (B-CLL) secrete B-BCGF upon stimulation with anti-
IgM and the same leukemic B cells are responsive to their own
BCGFonly following anti-IgM stimulation. Although the study
was conducted on leukemic cells only from a single CLL patient,
such results would account for the relatively benign nature of
B-CLL, since only in vivo antigen stimulation could induce ab-
normal proliferation of those B cells. In this regard, the likely
autospecificity of Leu I B cells and B-CLL is discussed.

Methods

Patient. A patient (K.H.) with B-CLL was studied. According to the
staging classification of Rai et al. (15), the patient was in stage 0. At the
time of the study, this patient did not receive any treatment. A profile
of the blood picture extending from 22 March 1985 to 23 July 1985 is
shown in Table I.

Reagents. Staphylococcus aureus Cowan I (SAC) was obtained from
Hoechst Japan, Ltd., (Tokyo). Phytohemagglutinin-P (PHA) was pur-
chased from Difco Laboratories (Detroit, MI). F(ab')2 fragment of goat
anti-human IgM (anti-a) was purchased from Cappel Laboratories
(Cochranville, PA). Recombinant IL- I (rIL- 1) was a gift of Otsuka Phar-
maceutical Co., Ltd. (Tokushima, Japan). Recombinant IL-2 (rIL-2)
was provided from Ajinomoto Co., Ltd., Tokyo. 1 U of IL- I or IL-2 was
defined as the activity that gave 50% of the maximum proliferative re-
sponse. B cell differentiation factor (BSF-2) was purified in this laboratory
from a human T cell leukemia virus (HTLV)-transformed T cell clone,
Na-I, as previously described (16). 100 pMof purified BCDFgave max-
imum response in a BCDFassay, in which Ig secretion from EBV-trans-
formed B cell lines or SAC-activated B cells was measured (16). B-BCGF
was prepared from a B cell line, RPMI 1788, as described in a previous
report (9). PHA-conditioned medium from T cells (PHA-T supernatant)
was prepared by a method described previously (17). Biotinated anti-
HLA-DR and anti-Leu 1 monoclonal antibodies were obtained from
Becton Dickinson Monoclonal Center, Inc. (Mountain View, CA). Pu-
rified anti-Tac monoclonal antibody (18) was kindly provided by Dr. T.
Uchiyama (Kyoto University). Insoluble anti-Ig (ISaIg) was prepared by
coupling 1 mgpurified anti-IgM antibody to I ml of cyanogen bromide
(CNBr)-activated Sepharose 4B beads (Pharmacia Fine Chemicals,
Uppsala, Sweden).

Animals and cell lines. Female Balb/c mice were purchased from
Shizuoka Laboratory Animal Center (Shizuoka, Japan) and bred in our
own colony. An IL,2-dependent murine cytotoxic T cell line, MTH41.16,
was a kind gift of Dr. Hamuro (Ajinomoto Co. Ltd., Tokyo). The EBV-
transformed B cell line, RPMI 1788, was originally obtained from Dr.
P. Ralph (Cetus Co., Palo Alto, CA). Three cell lines (KHB1, KHB2,
and KHB3) were established from peripheral blood lymphocytes (PBL)
of a patient (K.H.) as described in the text, maintained in RPMI 1640
medium (Flow Laboratories, Irvine, CA) supplemented with 10% fetal
calf serum (FCS) (645, Gibco, Grand Island, NY), 100 U/ml penicillin,
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Table I. Analysis of PBL of the B-CLL Patient (KH.)

Date 3/22/85 5/1/85 7/23/85

RBC(X10-4) 548 525 518
Platelet (X104) 12.8 14.9 14.5
WBC 33,600 46,700 41,000
Lymph (%) 79 90 77
Neu(%) 19 9 22

Surface phenotypes of leukocytes (3/22/85)*
T3 8.0% Ia 91.1%
T4 6.2% is 29.2%
T8 8.0% B. 91.5%
T1 16.7%

* PBL were analyzed by FACS440 for expression of cell surface anti-
gens.

100 jg/ml streptomycin, 2 mML-glutamine, and 5 X 10-5 M2-mer-
captoethanol. The medium was replaced every 3-4 d. These cell lines
were found to be free from mycoplasma when screened by mycoplasma
detection kit (Gen-Probe, San Diego, CA) and the mycoplasma-mediated
6-methylpurine deoxyriboside (6MPDR) toxicity test desciibed by Proust
et al. (19).

Cell preparation. Peripheral blood mononuclear cells (MNC) from
the B-CLL patient (K.H.) or tonsillar MNCobtained from patients with
chronic tonsilitis were separated by standard Hypaque-Ficoll gradient
centrifugation. B cell-enriched populations (E- cells) and T cell-enriched
populations (E+ cell) were separated by rosetting MNCtwice with 2-
amino-ethylisothiouronium bromide (AET)-treated sheep red blood cells.
E- cells were further treated with anti-monocyte (M206) antibody (20)
and newborn rabbit complement. Cells recovered after such treatment
usually contained >90% sIg cells, <0.1% E+ cells and monocytes, and
were used as purified B cells. In some experiments, freshly prepared
tonsillar B cells or in vitro activated B cells that had been incubated with
either SACor anti-u antibody for 3 d were separated into high density
cells (small B cells) and low density B cells (B cell blasts) by using a
discontinuous Percoll gradient centrifugation. About 2 X I07 B cells
were layered on the top of the gradients and tubes were centrifuged at
1,280 g for 15 min at 4°C. Human B cells with low and high density
were recovered in fractions between 40/50% and 60/70%, respectively.

Cell staining and FACSanalysis. I million cells were incubated with
0.1 to I jtg of biotinated anti-HLA monoclonal antibody for 20 mm,
washed three times with staining buffer (RPMI 1640 deficient of biotin,
riboflavin, and phenol red), incubated with Texas Red (TR)-conjugated
avidin for 20 min, and washed three times with staining buffer. Two-
color fluorescence-activated cell sorter (FACS) analysis was carried out
by staining cells with fluoroisothiocyanate (FITC)-conjugated antibody
and biotinated-antibody followed by TR-avidin. Stained cells were an-
alyzed on a FACS440 (Becton Dickinson Co.) equipped with both an
argon ion laser operating at 448 nmgenerating forward scatter, fluores-
cein, propidium iodide (PI), and large angle scatter and a second argon
ion laser pumping an organic dye laser circulating rhodamine 6G tuned
to emit 595 nm light to excite TR. List mode data was collected on 20-
50 X I03 cells for each sample and analyzed on a VAX 1 1/730 computer
using programs originally developed at Stanford University (21).

Southern blotting analysis. High molecular weight DNAwas isolated
from PBL of the B-CLL patient (K.H.) or established cell lines and di-
gested with the indicated restriction enzymes. Digested DNAfragments
were size-fractionated by electrophoresis in 0.5% agarose and transferred
to nitrocellulose filters by the Southern blotting technique (22). Filter-
bound DNA fragments were then hybridized to nick-translated (32P)
probe and visualized on autoradiograms (23). The human Ig gene probe
used in this study was the Ig heavy chain joining region JH probe (3.5
kb embryonic Eco RI-Hind III JH-containing fragment) provided by T.
Honjo (Kyoto University) (24).

In vitro culture. To assay proliferation, cells (usually 105/well if not
specified) were put in 100 id of serum-free HBI01 medium (Hana Media,
Inc., Berkeley, CA) in flat-bottomed microtiter plates (2596, Costar Data
Packaging, Cambridge, MA) and 100 y1 of various concentrations of
IL-1, IL-2, SAC, anti-s, BCGF, BCDF, or test samples were added. All
cultures were incubated for 60-70 h as indicated in the legends. To assay
IL- I, thymocytes from 6-wk-old Balb/c mice were cultured for 3 d at a
cell density of 2 X 106/well with I $&g/ml PHA in the presence of test
samples. To assay IL-2, an IL-2-dependent murine T cell line,
MTH41.16, was cultured at a cell density of 2 X 103/well with test samples
for 24 h. All cultures were pulsed with I AtCi of [3H]thymidine (TdR)
(15.1 Ci/mmol: NewEngland Nuclear, Boston, MA) at various periods
as indicated in figure legends, followed by harvesting on glass filter paper
by an automated cell harvester (Labo Mash Science Co., Tokyo) and
incorporation of radioactivity was measured by a Beckman scintillation
counter (Beckman Instruments, Inc., Fullerton, CA). All assays were
performed in triplicate.

Preparation of culture supernatant. Culture supernatants from PBL
of the B-CLL patient (K.H.) were obtained after culturing the cells (106/
ml) for 48 to 72 h in medium alone, with insoluble anti-Ig (ISa Ig: anti-
Ig coupled on beads), or with control beads (CB) in I ml of serum free
HBIO1 medium in a 15.5-mm diam dish (3047, Falcon Labware). Culture
supernatants from established cell lines (KHB1, KHB2, and KHB3) were
obtained by culturing the cells (106/ml) for 48 h in HBI01 medium. The
collected supernatants were passed through a 0.45-jsm filter, followed by
dialysis against PBS. Samples were frozen at -20'C before use.

Assays for 'y-interferon (IFN). 'y-IFN activity was assayed by the
method of Yip et al. (25) with some modifications, in which inhibition
of the cytopathic effect of Sindbis virus in human FL5. 1 cells was mea-
sured.

Detection of EBNA. Epstein Barr virus nuclear antigen (EBNA) was
detected using a standard anti-EBNA sera (26). Freshly separated PBL
from K.H. was found to be negative with the anti-EBNA sera, while all
three established cell lines from PBL of the patient were found to be
positive with the anti-EBNA sera.

Results

Analysis of surface phenotypes and Ig gene configuration ofPBL
from the B-CLL patient (K.H.). The surface phenotype of the
PBL from K.H. is summarized in Table I. More than 90% of
PBL (26,500/mm3) were B cells as judged by BI expression and
the percentage of T cells was less than 10% as judged by T3
expression. Two-color FACS analysis, shown in Fig. 1, A-D,
demonstrated that >90% of PBL expressed the B1 antigen, but
did not express the Ba antigen (27). Very few cells expressed the
Tac antigen or the Leu 4 antigen. Of note is that the majority
of the cells strongly expressed both IgM and IgD on their surface,
which is unusual in the case of B-CLL. All surface IgM' cells
expressed Leu 1, which is a common feature of B-GLL (28).

In order to study the clonality of the B cells, the rearrange-
ment of Ig genes was examined. The DNAfrom patient PBL or
from human placenta was digested with Hind III or Xba I and
the fragments were hybridized with the 3.5-kb JH Hind III/Eco
RI probe (Fig. 2, lane 1 and 2). The Hind III restriction fragments
of patient PBL gave a 6.0-kb (kilobase) band (lane 2), while
those of placenta showed an expected 10.9-kb band (lane 1).
The Xba I fragments of patient PBL gave two bands of 6.6 and
6.0-kb, respectively, (lane 2), whereas those of placenta showed
the expected 6.6-kb germ line band (lane 1). The results show
the monoclonal nature of the B cells in this B-GLL
patient (K.H.).

In vitro proliferative response of the B cells from the B-CLL
patient (K.H.) to various stimuli. The B cells from the patient
(K.H.) were examined for their response to various B cell mi-
togens or lymphokines by proliferation. The B cells were cultured
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Figure 1. Two-color FACSanalysis of PBL of the B-CLL
patient (K.H.). PBL separated by Ficoll-Hypaque gradient
centrifugation from the blood of a B-CLL patient were
stained with biotinated anti-Ba and FITC-anti-Bl. (A)
Biotinated anti-Tac and FITC-anti-Leu 4; (B) biotinated
anti-IgM and FITC-anti-IgD, (C) biotinated anti-IgM and
FITC-anti-Leu 1 (D) and followed by TR-coupled avidin.
An established B cell line (KHB1) was also stained with
biotinated anti-Leu 1 and FITC-anti-IgM (E); biotinated
anti-Ba and FITC-anti-BI (F), followed by TR-coupled
avidin. Analysis was performed on a FACS440 with a
dual laser system as described in Methods. Contour plots
represent the correlated expression of two-surface antigens
by showing peak lines enclosing equal percentages of cells
within the two-parameter distribution.

with anti-it, SAC, rIL-l, rIL-2, or B cell-derived BCGF(9), and
the proliferative responses were measured. As listed in Table II,

rIL- 1, rIL-2, rIL- I plus rIL-2, SAC, and BCGFdid not induce
any significant proliferation of those B cells. Someproliferative
response was observed by anti-Ig stimulation and the addition
of B-BCGFwith anti-M synergistically augmented this prolifer-
ation. It is noteworthy that B cells freshly isolated from the patient
did not express Ba (Fig. 1 A), which is expressed on activated B
cells at GI phase, but not on resting B cells (27). These results
indicate that freshly isolated leukemic B cells are at the resting
stage and so do not respond to growth factors. However, anti-
Ig stimulation is able to activate these leukemic B cells to a stage
responsive to BCGF.

Growth factor production by leukemic B cells from the B-
CLL patient (K.H.). Anti-M stimulation of the leukemic B cells
in the absence of BCGFinduced a significant proliferation (Table
II), suggesting the possibility that these cells could secrete BCGF
upon stimulation with anti-is. To study this possibility, highly

purified B cells were cultured in serum-free medium with anti-
Ig-coupled Sepharose beads (ISaIg) and culture supernatant was

examined for the presence of the growth factor activity on au-

tologous leukemic B cells. Supernatant from such ISaIg-stim-
ulated leukemic B cells induced proliferation of anti-A-stimu-
lated autologous B cells, whereas supernatant from leukemic B
cells incubated with control beads or medium alone did not
induce any proliferation of anti-M-stimulated leukemic B cells.
Representative data of three different experiments with similar
results are shown in Fig. 3. It should be pointed out that super-

natant from ISaIg-stimulated leukemic B cells did not induce
any proliferation of nonstimulated leukemic B cells. The results
indicate that anti-M stimulation of leukemic B cells induces
BCGFproduction as well as the expression of BCGFreceptors,
thus leading to proliferation in an autocrine fashion.

In order to examine whether the supernatant from anti-Ig-
stimulated leukemic B cells induces proliferation of normal B
or T cells, purified B or T cells from tonsils were cultured with
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Figure 2. Immunoglobulin heavy-chain gene analysis of the B-CLL-
PBL and established cell lines. High molecular weight DNAisolated
from patient PBL or established cell lines was digested with Hind III
(A) or Xba I (B). Digested DNAwas size-fractionated and hybridized
with a 32P-labeled 3.5 kb Eco RI-Hind III JH probe. Lane 1, human
placenta; lane 2, B-CLL-PBL; lane 3, cell line KHB1; lane 4, cell line
KHB2; lane 5, cell line KHB3. Numbers indicate fragment sizes in
kilobases (kb). (C) Restriction map of human placental JH region. The
restriction endonuclease cleavage sites are shown as H(Hind III), X
(Xba I), and B (Bgl II).

the supernatant in the presence or absence of suboptimal con-
centrations of mitogens. The supernatant did not induce any
proliferation of nonstimulated or PHA-stimulated T cells (data
not shown). In contrast, it induced a significant proliferation of
anti-is-stimulated B cells in a dose-dependent fashion, but no
response with nonstimulated B cells (Fig. 4). The control su-
pernatant obtained from leukemic B cells that had been incu-
bated with control beads did not induce any proliferation of
anti-A-stimulated B cells. These results again demonstrate that
activated leukemic B cells secrete BCGF, which can act only on
activated B cells.

It has been reported that IL-i, IL-2, or y-IFN have significant
effect on the proliferation of B cells (29-3 1). In order to determine
whether the supernatant from anti-Ig-stimulated leukemic B
cells contained any IL-I or IL-2 activity, various concentrations
of the supernatant from the ISaIg-stimulated leukemic B cells

Table II. Effect of Mitogens and Lymphokines
on the Proliferation of Leukemic B Cells

Proliferation
Stimulant* (Stimulation Index)t
Nil 1.0
IL-l 1.6
IL-2 2.6
IL-1 + IL-2 1.6
anti-p 4.6
BCGF 1.6
anti-p + BCGF 24.0
SAC 1.6

* 1 X l05 cells were stimulated with recombinant IL-I (I U/ml), re-
combinant IL-2 (1 U/ml), anti-p antibody (10 pg/ml), BCGF(20%
vol/vol), or SAC(0.01% vol/vol).
i Cells were pulsed with 1 pCi/well of [3H]TdR over the last 16 h of a
60-h culture. Background counts per minute obtained by cells cul-
tured in medium alone was 1,230±56.
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Figure 3. Effect of the supernatant from ISaIg-stimulated leukemic B
cells on the proliferation of autologous leukemic B cells. Supernatant
was obtained by incubating B-CLL cells with ISaIg or control beads
(CB). The supernatant was added to the culture of freshly separated
autologous leukemic B cells at a concentration of 30% vol/vol in the
presence or absence of anti-p antibody (10 pg/ml). Cultures were
pulsed with I pCi [3H]TdR over 16 h of a 68-h incubation and
[3H]TdR uptake was determined. All data are shown as means±SEM
of the triplicate cultures.
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Figure 4. Effect of the supernatant from ISaIg-stimulated leukemic B
cells on the proliferation of normal B cells. Highly purified tonsillar B
cells (105/well) were cultured with (a) various concentrations of the su-
pernatant from insoluble anti-Ig-stimulated leukemic B cells in the
presence (- *) or absence (- - - A) of 10 pg/ml anti-; antibody;
(b) the supernatant obtained from control beads stimulated leukemic
B cells in the presence (o o) or absence (A - - A) of I0O g/ml
anti-p-antibody. Cultures were pulsed with 1 pCi [3H]TdR over 16 h
of a 60-h incubation and [3H]TdR uptake was measured. Results are
shown as means±SEMof the triplicate cultures.
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were added to PHA-stimulated murine thymocytes or to an IL-
2-dependent T cell line, MTH41.16 cells, and proliferative re-
sponses were measured (Fig. 5). Virtually no growth activity on
thymocytes or a T cell line was detected in the supernatant ob-
tained from the ISaIg-stimulated leukemic B cells. The super-
natant did not contain any detectable -y-interferon (data not
shown). In addition, no inhibitory activity for IL-1, IL-2, or y-
IFN was detected in the supernatant, since the addition of the
supernatant did not diminish those activity (data not shown).

Establishment of cell lines from the patient's PBL. Purified
B cells from the patient's PBL were seeded at a cell density of
106/ml in 10% FCS-containing RPMI 1640 medium in culture
flasks and maintained over several months. Although no increase
in cell number was observed in cultured cells over the first 3
wk, a population of cultured cells started to grow with doubling
time of 7-10 d hereafter. The growth rate gradually accelerated
and the doubling time reached to 48-72 h after 3 mo. Three
different cell lines, referred to as KHB1, KHB2, and KHB3,
were examined for Ig gene configuration by Southern blot anal-
ysis. The rearrangement patterns of the Ig gene in all three cell
lines were exactly identical to that of the original leukemic B
cells (Fig. 2, lanes 3-5). FACS analysis revealed that all three
cell lines expressed Bl as well as Leu 1 antigens as the original
leukemic B cells did, although the expression of IgM became
dull (Fig. 1, E and F). Of note is the fact that established B cell
lines expressed the Ba antigen, although the original leukemic
B cells did not. From these data, it could be concluded that these
cell lines were derived from the original leukemic B cells, but
at an activated stage.

Production of BCGFby the established cell lines. Cell-free
supernatants from cultures of the established cell lines (KHB1,
KHB2, and KHB3) were collected and examined for the presence
of BCGFactivity. As shown in Fig. 6, the supernatants from the
cell lines induced the proliferation of anti-j-stimulated normal
tonsillar B cells in a dose-dependent fashion. It is noteworthy
to point out that these culture supernatants did not induce sig-
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nificant proliferation of B cells in the absence of anti-M stimu-
lation. Furthermore, no IL-l or IL-2 (Fig. 4) y-IFN or BCDF
(BSF-2) activity (data not shown) was detected. These data dem-
onstrate that these established B cell lines constitutively produce
B cell growth factor, which acts on activated B cells. Stimulation
of the established B cell lines with ISaIg or SACdid not augment
the production of BCGF(data not shown).

To delineate the stage at which KHB1-derived BCGFacts
during the cell cycle of normal B cells, small resting B cells or
activated B blast cells were cultured with KHB1 supernatant
and the proliferative response was measured (Fig. 7). KHB1
supernatant induced the proliferation of B blast cells, which had
been obtained by anti-iu or SAC stimulation, but not resting B
cells, suggesting that BCGFin KHB1 supernatant served as a
progression signal in the B cell cycle. Recent studies have shown
that murine BSF-1 induces enhanced Ia expression on resting
murine B cells (6). In order to study whether BCGFin KHB1
supernatant could act on resting B cells, changes in HLA-DR
expression were investigated. Purified B cells were incubated
with KHB1 supernatant or control supernatants and HLA-DR
expression was measured by FACSanalysis (Fig. 8). There was
no increase in the expression of HLA-DR in B cells cultured
with KHB1 supernatant, whereas there was a significant en-
hancement of the HLA-DR expression on resting B cells cultured
with anti-iu or PHA-T supernatant as previously reported (9).
These data indicate that BCGFin KHB1 supernatant delivers
a progression signal for proliferation, but not a competence signal
responsible for the activation of resting B cells.

In order to study whether the established cell lines are able
to respond to autologous growth factor, KHB1 cells were cultured
with various concentrations of KHB1 supernatant and the pro-
liferative responses were measured (Fig. 9). There was no aug-
mentation of DNAsynthesis in KHB1 cells by the addition of
autologous culture supernatant, whereas the same supernatant
could induce or augment the proliferation of anti-,i-stimulated
B blast cells or that of a B lymphoblastoid cell line, RPMI 1788.

Figure 5. IL-I and IL-2 activities in
the supernatant from ISaIg-stimu-
lated leukemic B cells or KHBI
cells. (A) Balb/c thymocytes (2
X 106/well) were cultured with
0.02% PHA-P plus various concen-
trations of the supernatant from
ISaIg-stimulated patient B cells
(A A) or KHB1 cells (a *-).
Medium containing rIL- 1 (30 U/ml)
was used as a control (o o).
Cultures were pulsed with 1 ,uCi
[3H]TdR over the last 16 h of a 64-h
incubation and [3H]TdR was deter-
mined. (B) 5 X 103 of an I-2-de-
pendent T cell line, MTH41.16,

O, were cultured with various concen-
trations of the supernatant from
ISaIg-stimulated leukemic B cells
(A A) or KHBI cells (u - *).
Medium containing rIL-2 (2 U/ml)

<^ was used as a control (o o).
t- t 4.4*Cultures were pulsed with 1 MACi
¶ [3H]TdR over last 4 h of a 24-h in-

23 25 27 Sfl~,,e cubation and uptake of [3 H]dR23 25 27 c was determined. All data are repre-
sented as means±SEMof triplicate

a n t cultures.
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This study demonstrates that monoclonal leukemic B cells de- These re
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Figure 7. Effect of KHBl-supernatant on the proliferation of resting B
cells vs. activated B cells. Small resting B cells separated from tonsillar
B cell fraction (Exp A), activated blast cells which had been prepared
by incubating small resting B cells with anti-n antibody (Exp B), were
cultured with or without 50% vol/vol of KHBl-supernatant at a cell
density of 105/well. Cultures were pulsed with [3H]TdR (I gCi/well)
over last 16 h of a 64-h incubation and [3H]TdR uptake was mea-
sured. Results are shown as means±SEMof triplicate cultures.

Figure 6. Effect of the supernatants from KHB1,
KHB2, and KHB3 cells on the proliferation of normal
B cells. Purified tonsillar B cells (105/well) were cul-
tured with 12 or 25% of the supernatants from KHB1,
KHB2, or KHB3cells in the absence or presence of
anti-u antibody (10 ug/ml). Cultures were pulsed with
['H]TdR (1 gCi/well) over the last 16 h of a 60-h in-
cubation and ['H]TdR uptake was measured. Results
are shown as means±SEMof triplicate cultures.

duce the proliferation of anti-u-stimulated autologous
c B cells as well as anti-ug-stimulated normal B cells.
sults may explain the reason why anti-u stimulation
duce a significant proliferation of the leukemic B cells
addition of growth factors; anti-u induced BCGFpro-
in the leukemic B cells and also activated the cells to a
ponsive to BCGF. The freshly isolated leukemic cells
respond to any growth factors in the absence of anti-u
ion, indicating that the cells were at the Goresting stage.
Face analysis with FACSalso showed that Ba molecules,
re expressed only on activated B cells at G1 phase (27),
t detectable on these cells. This might explain the rela-
nign nature of B-CLL; it is likely that stimulation of B-
Is with the appropriate antigen might induce proliferation
cells in vivo. The present study was conducted on leu-
ells from a single patient. Therefore, while the results
rmative for the autocrine mechanism in the growth of
ells, we have to admit that it is not clear how applicable

Its are to other CLLs.
B-CLL cells in this study coexpressed B1 and Leu 1
(Fig. 1). The latter is a 65-69-kD glycoprotein that was

oly thought to be expressed only on cells of the T lineage
iwever, the presence of Leu 1 positive B cells in normal
tals (33) and the high frequency of Leu 1-positive B cells
in autoimmune patients (34) has been demonstrated.
CLL cells seem to belong to the category of Leu 1 B
). Lyl B cells in the mouse, which maybe the counterpart
in Leu 1 B cells, secrete autoantibodies in NZB mice
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Figure 8. Effect of the KHBl-supernatant on the expression of HLA-
DRantigen. Highly purified tonsillar B cells were cultured for 48 h
with medium alone ( ); 10 Ag/ml of anti-A (-- -) (A); 25% vol/vol
of PHA-stimulated T-supernatant ( - -) (B), or 25% vol/vol of
KHBl-supernatant (-- -) (C). Cultured cells were stained with biotin-
ated anti-HLA-DR monoclonal antibody, following by TR-conju-
gated avidine. Stained cells were analyzed by FACS440. Histograms
represent the relative number of cells as a function of fluorescence in-
tensity within a particular gated population.

(35), suggesting that these cells include autoantigen-reactive B
cell clones. If this should be the case for human Leu 1 B cells,
autoantigens might be responsible for the induction of prolif-
eration of B-CLL cells in an autocrine fashion; the autoantigen
activates resting B-CLL cells to the responsive stage to BCGF
and induces the production of BCGF, although this is speculative
without any evidence. McGrath and Weissman (36) proposed
a similar possibility in leukemogenesis with retrovirus; they sug-

gested that leukemic cells have antiviral specificity and the en-
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Figure 9. Effect of the KHB1 -supernatant on the growth of normal B
blast cells, RPMI 1788 cells and KHB1 cells. IO' of normal B blast
cells that had been incubated with anti-A for 48 h (A); 103 of RPMI
1788 cells, (B) or 5 x 103 of KHB1 cells, (C) were cultured with me-

dium alone (c); various concentrations of the KHBI-supernatant
(a .) or RPMI 1788-supernatant ( AA). Cultures were

pulsed with [3H]TdR (1 MCi/well) over the last 16 h of a 60-h incuba-
tion and [3H]TdR uptake was measured. Results are shown as
means±SEMof triplicate cultures.

velope of the retrovirus stimulates those lymphocytes into
growth.

In contrast to the freshly prepared leukemic B cells, the es-
tablished cell lines expressed Ba molecules and could constitu-
tively secrete BCGFwithout any stimulation. However, BCGF
did not augment the proliferation of the established cell lines.
The result does not prove but strongly suggests that the autocrine
mechanism may not operate any longer in the continuous growth
of the established cell lines. In an IL-3-dependent myeloid cell
line, it was shown that transformation with Abelson virus ab-
rogated the factor dependence of those cells (37). In this study,
leukemic B cells appear to be transformed with EBV, since EBNA
was detected in these cell lines. Therefore, the situation may be
the same as that observed with the IL-3-dependent cell lines.
Growth factor independence and autonomous growth of trans-
formed cells might be due to constitutive expression and acti-
vation of the membrane receptor that serves as a transducer of
the extracellular signal. Alternatively, it might be due to the
continuous expression of intracellular signals that eventually
leads to cell division.

The BCGFderived from the leukemic B cells appears to be
different from IL- 1 or IL-2, since there was no stimulatory effect
on PHA-stimulated murine thymocytes or IL-2-dependent cell
line, MTH41.16 cells (Fig. 5). No IL-l or IL-2 inhibitor(s) in
the supernatant was detected, since the supernatant did not in-
hibit IL-l-induced growth of PHA-stimulated thymocytes or
IL-2-dependent growth of MTH41.16 cells (data not shown).
Moreover, recombinant IL- 1 or IL-2 did not induce any prolif-
eration of B-CLL cells in the absence or presence of anti-s an-
tibody (Table I and unpublished data). A previous study (9)
demonstrated the secretion of BCGFfrom SAC-activated normal
B cells or B lymphoblastoid cell lines. It showed that B cell-
derived BCGF(B-BCGF) from those cells could induce prolif-
eration of SAC- or anti-Ig-activated B cells and sustain growth
of activated B cells. B-BCGF from these cell lines could also
augment the growth of autologous cells; it induced colony for-
mation of autologous cells in soft agar as well as augmented
DNAsynthesis of autologous cells. The present as well as pre-
vious results indicate that normal B cells, transformed B cell
lines and leukemic B cells can secrete and respond to B cell
specific growth factor(s). At present, it is not clear whether the
same molecules are secreted from normal activated B cells,
transformed B cell lines and the leukemic B cells. BCGF(s) seem
to be very heterogeneous with regard to their molecular weight
and isoelectric point (9, 1 1). It is thus unclear whether BCGF
activity is associated with a single factor or multiple factors. This
may be answered when the gene(s) for BCGF(s) is cloned. How-
ever, the immunological functions of these factors are similar;
(a) they act only on activated B cells and induce proliferation
but not Ig secretion, (b) they do not induce proliferation or Ia
expression of resting B cells, and (c) they do not show any activity
in BCLI assay.

The present as well as previous results (9) obtained with
normal and leukemic B cells show that B cells can secrete their
own growth factors and strongly support the notion that an au-
tocrine mechanism similar to the growth of T cells might be
operating in the growth of B cells.

Acknowledgments

Wewish to thank Drs. K. Nakajima and T. Hirano of this laboratory
for BCDFassay, Dr. Wadaof Shionogi Pharmaceutical Co., Osaka, for
,y-IFN assay, Dr. E. L. Barsumian for a fruitful discussion and Ms. Kyoko

B Cell Leukemia and B Cell Growth Factor 1337

ID
mE

._

z

0
0

0



Kubota, Junko Mori, and Masako Kawata for their excellent editorial
assistance.

This work was supported by the grant from the Ministry of Education,
Science, and Culture.

References

1. Howard, M., and W. E. Paul. 1983. Regulation of B-cell growth
and differentiation by soluble factors. Annu. Rev. Immunol. 1:307-333.

2. Kishimoto, T. 1985. Factors affecting B-cell growth and differ-
entiation. Annu. Rev. Immunol. 3:133-157.

3. Kehrl, J. H., A. Muraguchi, J. L. Butler, R. J. M. Falkoff, and
A. S. Fauci. 1984. HumanB cell activation, proliferation and differen-
tiation. Immunol. Rev. 78:75-79.

4. Noma, Y., P. Sideras, T. Naito, S. Bergstedt-Lindquist, C. Azuma,
E. Severinson, T. Tanabe, T. Kinashi, F. Matsuda, Y. Yaoita, and T.
Honjo. 1986. Cloning of cDNA encoding the murine IgG, induction
factor by a novel strategy using SP6 promoter. Nature (Lond.). 319:640-
645.

5. Lee, F., T. Yokota, T. Otsuka, P. Meyerson, D. Villaret, R. Coff-
man, T. Mosmann, D. Rennick, N. Roehm, C. Smith, A. Zlotnik, and
K. Arai. 1986. Isolation and characterization of a mouse interleukin
cDNA clone that expresses BSF-I activities and T cell and mast cell
stimulating activities. Proc. Nat!. Acad. Sci. USA. 83:2061-2066.

6. Noelle, R., P. H. Krammer, J. Ohara, J, W. Uhr, and E. S. Vitetta.
1984. Increased expression of Ia antigens on resting B cells: An additional
role for B-cell growth factor. Proc. Nat!. Acad. Sci. USA. 81:6149-6153.

7. Rabin, E. M., J. Ohara, and W. E. Paul. 1985. B-cell stimulatory
factor I activates resting B cells. Proc. NatL. Acad. Sci. USA. 82:2935-
2939.

8. Oliver, K., R. J. Noelle, J. W. Uhr, P. H. Krammer, and E. S.
Vitetta. 1985. B-cell growth factor is a differentiation factor for resting
B cells apd may not induce cell growth. Proc. Nat!. Acad. Sci. USA. 82:
2465-2467.

9. Muraguchi, A., H. Nishimoto, N. Kawamura, A. Hori, and T.
Kishimoto. B cell-derived BCGFfunctions as autocrine growth factors
in normal and transformed B cells. J. Immunol. 137:179-186.

10. Blazar, B. A., L. M. Sutton, and M. Strome. 1983. Self-stimulating
growth factor production by B cell lines derived from Burkitt's lympho-
mas and other lines transformed in vitro by Epstein-Barr virus. Cancer
Res. 43:4562-4569.

11. Gordon, J., S. C. Ley, M. D. Melamed, P. Aman, and N. C.
Hughes-Jones. 1984. Soluble factor requirements for the autostimulatory
growth of B lymphoblasts immortalized by Epstein-Barr virus. J. Exp.
Med. 159:1554-1559.

12. Gordon, J., S. C. Ley, M. D. Melamed, L. S. English, and N. C.
Hughes-Jones. 1984. Immortalized B lymphocytes produce B-cell growth
factor. Nature (Lond.). 310:145-147.

13. Ambrus, J. L., and A. S. Fauci. 1985. Human B lymphoma cell
line producing B cell growth factor. J. Clin. Invest. 75:732-739.

14. Ambrus, J. L., C. H. Jurgensen, E. J. Brown, and A. S. Fauci.
1985. Purification to homogeneity of a high molecular weight human B
cell growth factor, demonstration of specific binding to activated B cells
and development of a monoclonal antibody to the factor. J. Exp. Med.
162:1319-1335.

15. Rai, K. R., A. Sawitsky, E. P. Cronkite, A. D. Chanana, N. R.
Levy, and B. S. Pasternack. 1975. Clinical staging of chronic lymphocytic
leukemia. Blood. 46:219-234.

16. Hirano, T., T. Taga, N. Nakano, K. Yasukawa, S. Kashiwamura,
K. Shimizu, K. Nakajima, K. H. Pyne, and T. Kishimoto. 1985. Puri-
fication to homogeneity and characterization of human B cell differen-
tiation factor (BCDF or BSFp-2). Proc. Natl. Acad. Sci. USA. 82:5490-
5494.

17. Muraguchi, A., T. Kishimoto, Y. Miki, T. Kuritani, T. Kaieda,
K. Yoshizaki, and Y. Yamamura. 1981. T cell-replacing factor (TRF)-
induced IgG secretion in a human B blastoid cell line and demonstration
of acceptors for TRF. J. ImmunoL. 127:412-416.

18. Uchiyama, T., S. Broder, and T. A. Waldman. 1981. A mono-
clonal antibody (anti-Tac) reactive with activated and functionally mature
human T cells. I. Production of anti-Tac monoclonal antibody and dis-
tribution of Tac (+) cells. J. Immunol. 126:1393-1397.

19. Proust, J. J., M. A. Buchholz, and A. A. Nordin. 1985. A "lym-
phokine-like" soluble product that induces proliferation and maturation
of B cells appears in the serum-free supernatant of a T cell hybridoma
as a consequence of mycoplasmal contamination. J. Immunol. 134:390-
396.

20. Maruyama, S., T. Naito, H. Kakita, S. Kishimoto, Y. Yamamura,
and T. Kishimoto. 1983. Preparation of a monoclonal antibody against
human monocyte. J. Clin. Immunol. 3:57-64.

21. Parks, D. R., R. R. Hardy, and L. A. Herzenberg. 1983. Dual
immunofluorescence-new frontiers in cell analysis and sorting. Im-
munol. Today. 4:145.

22. Southern, E. M. 1975. Detection of specific sequences among
DNAgragments separated by gel electrophoresis. J. Mol. Biol. 98:503-
519.

23. Rigby, P. W., M. Dieckmann, C. Rhodes, and P. Berg. 1977.
Labelling deoxyribonucleic acid to high specific activity in vivo by nick
translation with DNApolymerase I. J. Mol. Biol. 113:237-251.

24. Nishida, Y., T. Miki, H. Hisajima, and T. Honjo. 1982. Cloning
of human immunoglobuline chain genes: Evidence for multiple Ce genes.
Proc. NatL. Acad. Sci. USA. 79:3833-3837.

25. Yip, Y. K., R. H. L. Pang, C. Urban, and J. Vilcek. 1981. Partial
purification and characterization of human y (immune) interferon. Proc.
NatL. Acad. Sci. USA. 78:1601-1605.

26. Henle, W., G. Henle, and C. A. Horwitz. 1974. Epstein-Barr
virus specific diagnostic tests in infectious mononucleosis. Hum. Pathol.
5:551-565.

27. Kikutani, H., R. Kimura, H. Nakamura, R. Sato, A. Muraguchi,
N. Kawamura, R. R. Hardy, and T. Kishimoto. 1986. Expression and
function of an early activation marker restricted to human B cells. J.
ImmunoL. 136:4019-4026.

28. Gale, R. P., and K. A. Foon. 1985. Chronic lymphocytic leukemia:
recent advances in biology and treatment. Ann. Intern. Med. 103:101-
121.

29. Muraguchi, A., J. H. Kehrl, D. L. Longo, D. J. Volkman, K. A.
Smith, and A. S. Fauci. 1985. Interleukin-2 receptors on human B cells.
Implications for the role of interleukin-2 in human B cell function. J.
Exp. Med. 161:181-197.

30. Nakagawa, T., T. Hirano, N. Nakagawa, K. Yoshizaki, and T.
Kishimoto. 1985. Effect of recombinant IL-2 and y-IFN on proliferation
and differentiation of human B cells. J. Immunol. 134:959-966.

31. Kehrl, J. H., A. Muraguchi, and A. S. Fauci. 1984. The effects
of interleukin 1, interleukin 2, and a and y interferon on human B
lymphocytes. Clin. Res. 556A.

32. Engleman, E. G., R. Warnke, R. I. Fox, J. Dilley, C. J. Benike,
and R. Levy. 1981. Studies of a human T-lymphocyte antigen recognized
by a monoclonal antibody. Proc. Nat!. Acad. Sci. USA. 78:1791-1795.

33. Caligaris-Cappio, F., M. Gobbi, M. Bofill, and G. Janossy. 1982.
Infrequent normal B lymphocytes express features of B-chronic lym-
phocytic leukemia. J. Exp. Med. 155:623-628.

34. Plater-Zyberk, C., R. N. Maini, K. Lam, T. D. Kennedy, and G.
Janossy. 1985. A rheumatoid arthritis B cell subset expresses a phenotype
similar to that in chronic lymphocytic leukemia. Arthritis Rheum. 28:
971-976.

35. Hayakawa, K., R. R. Hardy, M. Honda, L. A. Herzenberg,
A. D. Steinberg, and L. A. Heizenberg. 1984. Ly-1 B cells: functionally
distinct lymphocytes that secrete IgM autoantibodies. Proc. Natl. Acad.
Sc. USA. 81:2494-2498.

36. McGrath, M. S., and I. L. Weissman. 1979. AKRleukemogenesis:
identification and biological significance of thymic lymphoma receptors
for AKRretroviruses. Cell. 17:65-75.

37. Cook, W. D., D. Metcalf, N. A. Nicola, A. W. Burgess, and F.
Walker. 1985. Malignant transformation of a growth factor-dependent
myeloid cell line by Abelson virus without evidence of a autocrine mech-
anism. Cell. 41:677-683.

1338 Kawamura et al.


