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Abstract

In the present report we demonstrate that the IL-6 gene is
expressed in anti-Ig-activated and neoplastic B cells. After ac-
tivation with anti-Ig, splenic B cells rapidly expressed IL-6
mRNAwith peak expression occurring at 4 h and declining
rapidly thereafter. In an attempt to exclude that the IL-6
mRNAexpression was in non-B cells, T cells and monocytes
were extensively depleted. In this highly purified B cell popu-
lation, IL-6 mRNAwas retained, whereas the expression of
the T cell- and monocyte-restricted CD2and CD14 genes was
nearly undetectable. These results are consistent with the con-
clusion that activated B cells express IL-6 mRNA.Because we
found IL-6 mRNAexpression in normal activated B lympho-
cytes, we examined the expression of IL-6 mRNAin B cell
neoplasms. 11 of 25 non-Hodgkins B cell lymphomas and 4 of
4 myelomas and plasma cell leukemias expressed IL-6 mRNA,
whereas only 1 of 19 B cell leukemias was positive. To exclude
that IL-6 mRNAexpression in neoplastic B cells was the re-
sult of contaminating non-B cells, T cells and monocytes were
extensively depleted from the tumor specimens. In the three
IL-6-positive tumor samples depleted of T cells and mono-
cytes, IL-6 mRNAexpression was retained in all cases. These
observations provide support for the idea that the IL-6 gene is
expressed in normal activated and neoplastic B cells.

Introduction

A number of soluble factors have been shown to regulate the
growth and differentiation of murine and human B lympho-
cytes. Recently, several of these factors have been molecularly
and functionally characterized and their genes have been
cloned (1-5). Functional studies using recombinant factors
demonstrate that individual cytokines can activate resting B
cells (6), induce proliferation of activated B cells (5, 7), regulate
isotype expression (8), or induce Ig secretion (9).

One of these cytokines, termed IL-6, was shown to be one
of the major factors necessary for the terminal differentiation
of activated B cells into Ig-secreting cells (9). IL-6 was first
identified in the culture supernatant of PHA-stimulated PBL
(10). Although initially isolated from a transformed T cell line
(11), increasing evidence demonstrated that IL-6 is also se-

Address correspondence to Dr. Gordon Freeman, Department of
Tumor Immunology, Dana-Farber Cancer Institute, 44 Binney Street,
Boston, MA02115.

Receivedfor publication 7 September 1988 and in revisedform 30
November 1988.

creted by other cell types (12-14). Within the hematopoietic
system, monocytes appear to be the major producer (14).
Moreover, recent studies demonstrate that fibroblasts, endo-
thelial cells, and some epithelial tumors have the capacity to
secrete IL-6. In addition to its ability to induce activated B cells
to secrete Ig, human IL-6 has been shown to induce the growth
of murine plasmacytomas (15), hybridomas (14), and EBV-
infected human B lymphocytes (16). Although initially
thought to be a B cell-restricted cytokine, it has become in-
creasingly clear that IL-6 has a multitude of additional effects
on hematopoietic and nonhematopoietic cells. To date, these
include antiviral activity (12) (cloned as IFN p2), granulocyte/
macrophage CSA(17), cytotoxic T cell differentiation activity
(18), and induction of acute phase protein expression by the
liver ( 19). IL-6 also has several IL- l-like activities that include
costimulation of thymocyte proliferation (20), activation of T
lymphocytes (21), and induction of fever.

In addition to its production by normal cells, preliminary
evidence suggested that IL-6 could also be produced by neo-
plastic cells. Hirano et al. initially demonstrated that some
cardiac myxomas produce IL-6, and suggested that many of
the autoimmune characteristics of this disease might be sec-
ondary to IL-6 secretion (4). Recently, Kawano and his col-
leagues have demonstrated that IL-6 is produced by human
myelomas (22). These tumors appear to proliferate in response
to IL-6; moreover, this proliferation is specifically inhibited by
antibodies directed against IL-6. The production of IL-6 by
myelomas suggests that IL-6 is involved in the growth of these
terminally differentiated neoplastic B cells.

Malignant transformation leading to unrestricted cell
growth may occur when a cell acquires the ability to produce
and respond to endogenous factors via cell surface or intracy-
toplasmic receptors. This process has been termed autocrine
stimulation (23). The evidence that IL-6 is important in the
differentiation of activated B lymphocytes and in the growth of
myelomas suggests that IL-6 might function as a growth factor
for neoplastic B cells. To address this question, we have exam-
ined whether the IL-6 gene is expressed in a variety of B cell
tumors and after activation of resting B lymphocytes in vitro.
In the studies to be reported below, we demonstrate that anti-
Ig-activated B cells and B cell neoplasms that correspond to
mid- to later stages of differentiation appear to express this
gene.

Methods

Adult human tissues. Normal spleen was obtained from operative spec-
imens of patients not known to have any systemic or malignant dis-
ease, according to appropriate HumanProtections Committee valida-
tion and informed consent. Single cell suspensions of spleen tissue
were prepared by dissolution in HBSSwith forceps and scissors and
extrusion through a stainless steel mesh. Mononuclear cells, isolated by
Ficoll-Hypaque density gradient centrifugation, were enriched for B
cells by E-rosetting to deplete T cells. Cells were either used fresh or
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cryopreserved in 10% DMSOand 20% FCS at - 196OC in the vapor
phase of liquid nitrogen until the time of study. Cells were recovered at
viabilities of 70-90%.

Patients' samples. Tumor cells were obtained from untreated pa-
tients with non-Hodgkin's lymphoma (NHL)' after appropriate
HumanProtection Committee validation and informed consent. Sam-
ples contained > 75% neoplastic cells by Wright-Giemsa stain mor-
phology and were classified according to a modified Rappaport system
(24). However, nodular lymphoma samples generally had < 75% neo-
plastic cells and myeloma samples had 20-40% neoplastic cells.
Plasma cell leukemia samples had > 95% neoplastic cells. Tumor spec-
imens were prepared similarly to normal spleen but were not E-roset-
ted, and were studied either fresh or after cryopreservation. B cell
lineage was established by the presence of monoclonal surface Ig and/
or the pan B cell antigen B I (CD20) as determined by indirect immu-
nofluorescence with the use of anti-kappa, -lambda, -IgG, -IgM, and
-B I MAbs (25).

In vitro stimulation. Splenic B cells were activated by incubation
with anti-Ig coupled beads as described (25).

Immunomagnetic depletion of T cells and monocytes. Splenic sheep
erythrocyte receptor negative (E-) cells or tumor cell suspensions were
incubated with anti-T cell and anti-monocyte MAbT4 (CD4), T8
(CD8), My8 (CDl lb), and My4 (CD 14). MAbs were used as ascites at
saturating binding conditions. Cells were incubated for 30 min at 4°C
and washed twice. Immunomagnetic beads in the form of affinity-puri-
fied sheep anti-mouse IgG coupled to monodisperse magnetizable
polymer particles (Dynabeads M-450, prod. no. 11002; Dynal, Oslo,
Norway) were added at a bead to cell ratio of 8:1. The suspension was
mixed gently for 30 min at 4°C and cells binding beads were removed
by the application of a magnetic field.

RNAisolation. RNAwas isolated by the guanidine thiocyanate-ce-
sium chloride density gradient centrifugation procedure of Chirgwin et
al. (26). After centrifugation of the RNAthrough cesium chloride, the
supernatant was aspirated and the bottom 0.5 cm of the tube, contain-
ing the clear RNApellet, was excised with a razor blade. Pellets were
dissolved thoroughly in 10 mMTris-HCI, pH 7.5, 1 mMEDTA, 5%
sarkosyl, 5%phenol, adjusted to 0.4 MNaCl, and extracted with 2 vol
of phenol/chloroform/isoamyl alcohol, 50:49:1 (vol/vol/vol). RNA
was ethanol precipitated twice and the concentration determined by
the ODat 260 nm.

RNAblot analysis. RNA(15 /ig whole cell RNA) was electropho-
resed in 1.2% agarose/formaldehyde gels (27) and blotted onto nitro
cellulose filters (NitroPlus; Micron Separations, Inc., Westborough,
MA). The integrity and amount of each RNAwas assessed by staining
the gel with ethidium bromide. Hybridization was in 50% formamide,
0.75 MNaCl, 0.15 MTris-HCI (pH 8), 5 mMEDTA, 0.1 MNaPO4,
(pH 7), 0.1% Na pyrophosphate, 0.1% SDS, IX Denhardt's, 50 g/ml
salmon sperm DNA, and 10% dextran sulfate at 42°C for 24 h. Blots
were washed in three changes of 15 mMNaCl, 0.1 mMEDTA, 2 mM
Tris (pH 8), 0.1 %Na pyrophosphate, 10 mMNaPO4(pH 7), and 0.1%
SDSfor 20 min at 60°C. Specific hybridization signals were visualized
by autoradiography using film with intensifying screens (XAR-5;
Eastman Kodak Co., Rochester, NY). For rehybridizations, blots were

stripped of 32P-labeled probe by incubation at 100°C for 1.5 min in 10
mMNaPO4(pH 7), 0.1% SDS.

Probe preparation. Probes were purified for hybridization by re-
striction enzyme digestion and two cycles of agarose gel electrophoresis
to remove vector sequences. DNAwas eluted from agarose by the
Nal/glass powder method (28) and labeled by random oligonucleotide

1. Abbreviations used in this paper: ALL, B acute lymphocytic leuke-
mia; Burkitt's, Burkitt's lymphoma; CLL, chronic lymphocytic leuke-
mia; DLCL, diffuse large cell lymphoma; DPDL, diffuse poorly differ-
entiated lymphoma; E-, sheep erythrocyte receptor negative; HCL,
hairy cell leukemia; NHL, non-Hodgkin's lymphoma; NPDL, nodu-
lar poorly differentiated lymphoma; PCL, plasma cell leukemia;
ProLL, prolymphocytic leukemia.

priming using a-32P-labeled deoxyribonucleotides and Klenow frag-
ment of DNApolymerase 1 (29).

DNAprobes. A full-length cDNA encoding IL-6 was isolated by
oligonucleotide hybridization (nucleotides 330-357 of reference 4) of
an activated PBL cDNA library in the eukaryotic expression vector,
pcD (30). The identity of the clone was confirmed by restriction en-
zyme digest, partial sequencing, and bioassay. After transfection of
IL-6 cDNA-pcD DNAinto cos cells, the supernatant was harvested at
72 h and assayed for stimulation of Ig production by anti-Ig activated
B cells.

When the full-length IL-6 cDNA insert was used as a probe in
Northern blot analyses of total cellular RNA, cross-hybridization was
seen to I8s rRNA as well as to the authentic 1,300-nucleotide IL-6
mRNA.This result was also seen using a full-length IL-6 cDNAkindly
provided by Steve Clark of the Genetics Institute (Cambridge, MA). A
probe consisting of the Ban II-Xho I fragment (nucleotides 657-3' end
of reference 4) did not show this cross-hybridization to 1 8s rRNA and
was used thereafter.

Full-length cDNA clones encoding CD14 (My4) and CD2 (TI 1)
were generously provided by David Simmons and Brian Seed (Massa-
chusetts General Hospital, Boston, MA). Probes for c-myc and IL-2R
were generously provided by Robert Gallo (National Cancer Institute,
Bethesda, MD) and Warner Greene (Duke University Medical Center,
Durham, NC), respectively.

Results
IL-6 gene expression after B cell activation. After activation of
splenic E- cells (> 80%CD20+) for various times with anti-Ig,
total cellular RNAwas extracted and expression of IL-6,
IL-2R, and c-myc mRNAswas determined by Northern blot
analysis. Steady-state levels of gene expression were examined
by loading equal amounts (15 ug) of total cellular RNApre-
pared at distinct times points after activation. Fig. 1 demon-
strates that equal amounts of RNAwere studied, as evidenced
by the equal staining intensity of the ribosomal RNAs with
ethidium bromide.

The level of IL-6 mRNAwas extremely low in unstimu-
lated B cells (Fig. 1). After activation with anti-Ig, IL-6 mRNA
was rapidly induced with 1.3- and 2.3-fold increases observed
at 10 and 30 min, respectively. Initially, two closely spaced
bands (1.3 and 1.4 kb) could be discerned. By 4 h, expression
was maximal (21.4-fold increase), with only an intense 1.3-kb
band observed. Expression declined rapidly after 8 h, with
minimal mRNAbeing detected at 24 h (0.7-fold) and none
detected thereafter. When protein synthesis was blocked with
cycloheximide, an additional 3.2-fold increase in IL-6 mRNA
expression at 8 h was seen. Similar data was observed for cells
from three different spleens and a representative experiment is
shown in Fig. 1.

Because splenic E- cells are contaminated with < 5% T
cells and < 10% monocytes, it was important to demonstrate
that the IL-6 mRNAdetected after anti-Ig stimulation was
derived from B cells and not a contaminating cell population.
Splenic E- cells were activated with anti-Ig and after 8 h, the
cells were treated with MAbs specific for T cells (CD4 and
CD8) and monocytes (CDl lb and CD14). Contaminating T
cells and monocytes expressing these antigens were then re-
moved by the addition of sheep anti-mouse Ig coupled to
magnetic beads. After depletion of non-B cells, RNAwas pre-
pared, Northern blotted, and probed with an IL-6 probe. Fig. 2
(left) demonstrates that the level of IL-6 mRNAexpression in
highly purified, activated B cells was not altered by the re-
moval of T cells and monocytes. The extent of monocyte de-
pletion was assessed by rehybridizing the blot with a probe for
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the monocyte-specific gene, CD14 (My4). Fig. 2 (middle)
shows that the splenic E- population was contaminated with
CD14+ cells, but that these cells were reduced to undetectable
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s -2 3 Figure 1. IL-6 mRNAexpression after activation of
- * normal B cells. Splenic E- cells were activated with

* anti-Ig coupled beads and cells were harvested at the
indicated hours thereafter. 8CHXindicates that cells
were activated in the presence of 1O ug/ml cyclohexi-
mide and harvested at 8 h. RNAwas isolated and 15
,ug of total cellular RNAwas fractionated on agarose

* 3 5 gels, transferred to nitrocellulose, and hybridized se-
quentially with 32P-labeled probes for IL-6, c-myc,
and IL-2R (p55) as indicated. The RNAsize (in kilo-
bases) is indicated at the right. Before transfer, the gel
was stained with ethidium bromide and photo-
graphed. The top panel shows that equal amounts of

1 .5 RNAwere loaded on each lane. A darker autoradio-
gram was used for scanning early time points.

levels by immunomagnetic depletion. The blot was also rehy-
bridized with the T cell-specific probe, CD2 (T 11). Fig. 2
(right) shows that the level of CD2+ cells is greatly reduced
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Figure 2. Anti-Ig activation induces IL-6 mRNAexpression in activated B cells but not in contaminating T cells or monocytes. Splenic E- cells
were activated with anti-Ig coupled beads and harvested after 4 h. The sample was divided in two and RNAwas prepared from one aliquot
(lane a). The other aliquot was treated with a cocktail of anti-T cell and anti-monocyte antibodies. Cells expressing these antigens were re-
moved by the addition of sheep anti-mouse Ig coupled to magnetic beads, followed by the application of a magnetic field. RNAwas prepared
from the purified B cells (lane b). 15 Mg of total cellular RNAwas fractionated on an agarose gel, transferred to nitrocellulose, and hybridized
sequentially with 32P-labeled probes for IL-6, CD1 4, and CD2as indicated. RNAsize (in kilobases) is indicated to the left.
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after depletion of T cells and monocytes. These studies support
the idea that IL-6 is produced by activated B cells.

Because IL-6 was expressed very rapidly after B cell activa-
tion, it was of interest to compare the kinetics of IL-6 mRNA
expression with that of other genes expressed after B cell acti-
vation. The proto-oncogene c-myc and the IL-2R gene were
examined for expression after in vitro activation of unstimu-
lated B cells with anti-Ig (Fig. 1). The level of c-myc expression
was extremely low in the unstimulated splenic E- population.
After activation, c-myc mRNAlevels increased threefold
within the period between 10 and 30 min. At 4 h after activa-
tion the level of c-myc expression had increased 153-fold, as
compared with the unstimulated population. After 4 h the
level of c-myc mRNAdeclined rapidly, reaching low levels by
48 h. Cycloheximide treatment led to an additional 12-fold
increase in the levels of c-myc mRNAat 8 h. Like c-myc
mRNA, the level of IL-2R mRNAwas extremely low in un-
stimulated splenic E- cells and demonstrated no increase
within the first 30 min after activation with anti-Ig. However,
by 4 h the level had increased 40-fold. The maximal expression
was seen at 8 h with both the 1.5- and 3.5-kb mRNAsex-
pressed and peaking with a 78-fold increase. The IL-2R 3.5-kb
mRNAwas 3-4-fold more intense than the 1.5-kb mRNA
band. In activated T cells the 1.5-kb mRNAis usually more
intense (31). In contrast to IL-6 and c-myc, the decrease in
IL-2R mRNAwas gradual and was still - 25% of maximal
levels at 72 h. Cycloheximide treatment led to an additional
2.4-fold increase in the level of IL-2-R mRNAat 8 h.

IL-6 mRNAexpression in neoplastic B cells. Previous stud-
ies have suggested that neoplastic B cells correspond to sub-
populations of B cells at distinct stages of differentiation due to
their cell surface expression of B cell restricted and associated

activation antigens. It was, therefore, of interest to determine
whether subgroups of B cell tumors also expressed IL-6
mRNA. To examine IL-6 expression in malignant B cells,
RNAwas prepared from a representative panel of B cell ma-
lignancies, including tumors corresponding to early, middle,
and late stages of normal B cell ontogeny. Most specimens
were 75% replaced by tumor cells except for the myeloma
specimens, which were 20-50% replaced. Total cellular RNA
was Northern blotted and hybridized with a probe specific for
the IL-6 gene. The results are shown in Figs. 3 and 4 and
summarized in Table I.

Northern blot analysis demonstrated that the IL-6 gene is
expressed in some B cell malignancies and that the expression
appears to cluster in several histologically defined subgroups.
Whereas only 1 of 19 leukemias (B acute lymphocytic leuke-
mia [ALL], chronic lymphocytic leukemia [CLL], hairy cell
leukemia [HCL], and prolymphocytic leukemia [ProLL])
demonstrated IL-6 mRNAexpression, 11 of 25 B cell lym-
phomas and 4 of 4 myelomas expressed the gene. Of the lym-
phomas (nodular poorly differentiated lymphoma [NPDL],
diffuse large cell lymphoma [DLCLJ, diffuse poorly differen-
tiated lymphoma [DPDL], and Burkitt's lymphoma [Bur-
kitt's]) - 50% expressed IL-6 mRNA. Moreover, all of the
plasmacytoid tumors (myeloma and plasma cell leukemia
[PCL]) expressed the gene. In addition to the usual 1.3-kb
mRNA,some plasmacytoid tumors expressed a 2.8-kb mRNA
that hybridized to the IL-6 probe. This larger transcript might
reflect the use of a downstream polyadenylation site or alter-
native splicing. Wedo not yet know if the protein encoded by
the 2.8-kb mRNAis identical to that of the 1.3-kb mRNA.

Since IL-6 is now known to be synthesized by a variety of
cell types including monocytes, T cells, and endothelial cells, it

CLL PCL HCL NPDL DLCL Burkitt's DPDL ALL
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Figure 3. Northern blot
analysis of IL-6 mRNA
in B cell malignancies. 15
Ag of total cellular RNA
was isolated and fraction-
ated on agarose gels,
transferred to nitrocellu-
lose, and hybridized with
a 32P-labeled IL-6 cDNA
probe. Lanes contain
RNAfrom B cell malig-
nancies as indicated:
CLL, PCL, HCL, NPDL,
DLCL, Burkitt's, DPDL,
ALL, ProLL, and my-
eloma.
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was important to demonstrate, as was shown for activated B
cells, that the IL-6 mRNAseen in B cell malignancies is indeed
expressed by the tumor cells. Representative tumor samples
were incubated with anti-T cell and anti-monocyte MAbs.
Contaminating T cells and monocytes expressing these anti-
gens were then removed by the addition of sheep anti-mouse
Ig coupled to magnetic beads. After purification of the tumor
cells, RNAwas prepared, Northern blotted, and hybridized
with an IL-6 probe (Fig. 4, top). Each of the purified tumor
samples retained IL-6 gene expression and the level was

Table L. Expression of IL-6 mRNAby B Cell Neoplasms

Number expressing
Neoplasm IL-6 mRNA* n

Leukemias
ALL 1 5
CLL 0 8
ProLL 0 3
HCL 0 3

Lymphoma
NPDL 4 8
DLCL 4 9
DPDL 2 6
Burkitt's 1 2

Plasma cell tumors
Myeloma* 4 4

* Data from Figs. 3 and 4.
tIncluding PCL.

Figure 4. Northern blot analysis of IL-6 mRNAin
B cell malignancies before and after depletion of T
cells and monocytes. T cells and monocytes were
depleted from tumor samples by treatment with a
cocktail of anti-T cell and anti-monocyte MAbs.
Cells expressing these antigens were removed by the
addition of sheep anti-mouse Ig coupled to mag-
netic beads followed by the application of a mag-
netic field. Total cellular RNAwas prepared before
(lanes a, c, and e) and after (lanes b, d, andJ) T cell
and monocyte depletion, fractionated on an agarose
gel, transferred to nitrocellulose, and hybridized
with 32P-labeled probes for IL-6, CD14, and CD2.
RNAwas prepared from a DLCL (lanes a and b), a
DLCL (lanes c and d), and a NPDL(lanes e and]).

slightly higher after monocyte and T cell depletion. Northern
blot analysis with a CDl4 probe showed that the unpurified
tumor cells were contaminated with varying amounts of
CD14+ monocytes but that none could be detected after mag-
netic bead depletion of CDl lb+, CD14+, CD4+, and CD8+
cells. Northern blot analysis with a CD2probe showed that the
unpurified tumor cells were contaminated with varying
amounts of CD2+ cells but that the level was greatly reduced
after magnetic bead depletion of CDl lb+, CD14+, CD4+,
and CD8+ cells. Immunomagnetic separation can achieve 5
logs of depletion (32) and has the advantage that all manipula-
tions are at 4°C, thus preventing cellular interactions before
separation. Before purification, the two DLCLs examined had
72 and 95% CD20+ cells and the NPDLhad 64% CD20+
cells. After immunomagnetic depletion, both the tumor cell
populations and the normal splenic cell populations had < 1%
CD4+or CD14+ cells as judged by cell sorter analysis. North-
ern blot analysis using cell type-specific, relatively abundant
mRNAsis an alternative way to assess cell purity and is 10-
fold more sensitive than cell sorter analysis. Although all my-
elomas appear to express IL-6 mRNA, we have not purified
myeloma cell populations to homogeneity and therefore can-
not exclude the contribution of normal marrow cells. How-
ever, the expression of IL-6 mRNAby the PCL (99% tumor
cells) supports the idea that IL-6 is expressed by the myeloma
cells.

In addition to tumor cells isolated from patients, long-term
cell lines derived from B, T, and myeloid tumors were exam-
ined. In contrast to the freshly explanted tumors, most long-
term B cell lines examined did not express the IL-6 gene (data
not shown). These included the Burkitt's lines Raji, Ramos,
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Daudi, and Namalwa, and the IL-6-responsive, lymphoblas-
toid line, CESS. Of five myeloma cell lines tested, only U266
was positive, whereas the HS-Sultan, IM-9, RPMI 8226, and
ARH77 myeloma lines were negative. The K562 erythroleu-
kemia and the Rex T cell leukemia lines were also negative.

Discussion

In the present report we demonstrate that the IL-6 gene is
expressed in anti-Ig activated and neoplastic B cells. After ac-
tivation with anti-Ig, splenic E- cells rapidly expressed IL-6
mRNAwith peak expression occurring at 4 h and declining
rapidly thereafter. In an attempt to exclude that the IL-6
mRNAexpression was in non-B cells, we extensively depleted
T cells and monocytes. In this highly purified population, IL-6
mRNAwas retained, whereas the expression of the T cell- and
monocyte-restricted CD2 and CD14 genes were nearly unde-
tectable. These results are consistent with the conclusion that
activated B cells express IL-6 mRNA. Because we found IL-6
mRNAexpression in normal activated B lymphocytes, we ex-
amined the expression of IL-6 mRNAin B cell neoplasms. 11
of 25 B cell NHLand 4 of 4 myelomas, expressed IL-6 mRNA,
whereas only 1 of 19 B cell leukemias were positive. To ex-
clude that IL-6 mRNAexpression in neoplastic B cells was the
result of contaminating non-B cells, we extensively depleted T
cells and monocytes from the tumor specimens. In the three
IL-6 positive tumor samples depleted of T cells and mono-
cytes, IL-6 mRNAexpression was retained in all cases. These
observations provide support for the idea that the IL-6 gene is
expressed in normal activated and neoplastic B cells.

The synthesis of IL-6 mRNAby anti-Ig activated B cells as
well as its very early appearance were unexpected observa-
tions. We observed that IL-6 mRNArapidly appears after
anti-Ig activation of B cells and peaks at 4 h. Moreover, IL-2R
mRNAalso appears early and peaks at 8 h. Both c-myc and
IL-6 mRNArapidly decrease (8 and 12 h, respectively),
whereas the IL-2R mRNApersists for at least 72 h. Resting B
cells do not express the c-myc proto-oncogene; however, c-myc
is rapidly induced and its expression also peaks at 4 h (33). The
observation that cycloheximide did not block IL-6 mRNA
expression but instead led to increased levels suggested that
IL-6 mRNAexpression is one of the initial events of B cell
activation, since induction of IL-6 mRNAdid not require
protein synthesis. Previous in vitro studies with both Staphylo-
coccus aureus protein A and anti-Ig have demonstrated that
IL-6 receptors are not detectable on resting B cells and begin to
be expressed on activated B cells after 24 h (34), before signifi-
cant numbers of B cells begin to proliferate. Ig secretion is
detectable by 96 h, and with the addition of IL-6 increases
progressively throughout 8 d of culture (9, 10). Although not
precisely defined in the literature (9, 10), IL-6 does not appear
to be necessary during the first 4 d of culture but exerts its
maximal differentiative effects later (4-8 d).

Synthesis of IL-6 mRNAsuggests that activated B cells
produce the IL-6 protein, although we have yet to examine
this. It seems most likely that B cell-derived IL-6 might exert
its effects on other cells within the microenvironment. B cells
have been shown to be important in antigen presentation to T
cells; however, presentation of antigen in association with Ta
alone is insufficient to activate T cells. Since IL-6 has pre-
viously been shown to function as a T cell activation factor
(21), one of the most likely functions of B cell-derived IL-6
could be a role in T cell activation. B cell-derived IL-6, in

conjunction with antigen presentation, could provide a com-
plete activation stimulus for T lymphocytes. EBV-transformed
B cell lines that can function as accessory cells have been
shown to produce an IL- 1-like factor with the characteristics of
IL-6 (35). An alternative function of B cell-derived IL-6 might
be to induce and recruit previously activated B cells to differ-
entiate into Ig-secreting cells. If the potential biologic effects of
B cell-derived IL-6 were on the B cell itself, then the early
temporal appearance of IL-6 mRNAwould be difficult to ex-
plain, considering that the B cell differentiative response to
IL-6 is such a late event.

Wealso examined IL-6 mRNAexpression in leukemias
and lymphomas of B cell origin. Whereas 11 of 25 B cell NHLs
and 4 of 4 myelomas expressed IL-6 mRNA,only 1 of 19 B cell
acute and chronic leukemias were positive. B cell NHLs are
thought to correspond to the mid stages of B cell differentia-
tion. For example, NPDLs are thought to correspond to B
lymphocytes within the germinal center and DLCLs appear to
be the neoplastic counterpart of proliferating blast B lympho-
cytes. In our series, all of the myelomas and PCLs correspond-
ing to late stages of B cell differentiation, expressed IL-6
mRNA. In contrast, B cell acute leukemias (non-T ALL) that
are derived from stages of pre-B cell differentiation or B cell
chronic leukemias (CLL, HCL, and ProLL) did not appear to
express detectable IL-6 mRNA.

In addition to its differentiative effects on B cells, IL-6 has
been shown to be a growth factor for murine plasmacytomas,
hybridomas, and EBV-infected human B lymphocytes. Recent
evidence suggests that IL-6 may function as an autocrine fac-
tor. Kawano and his colleagues have demonstrated that IL-6
induces some human myelomas to proliferate, and more im-
portantly, these myelomas appear to produce their own IL-6
(22). Few of the B cell tumor lines, including most of the
myeloma cell lines, that we examined expressed IL-6 mRNA.
Possibly in tumor cell lines a stage of autocrine dependence
may be superceded by further oncogenic changes. In addition
to autocrine effects, IL-6 expression by a tumor may be re-
sponsible for systemic effects including fever, induction of
acute phase proteins in the liver, and stimulation of hemato-
poiesis. Furthermore, secreted IL-6 might stimulate the prolif-
eration of latently EBV-infected B cells.

In summary, we have observed that normal activated B
cells and some neoplastic B cells express IL-6 mRNA. The
specific biologic role of B cell-derived IL-6 is not currently
known; however, this growth and differentiation factor ap-
pears to have a very wide array of functions. Its expression at
an early stage of B cell activation and in more differentiated B
cell tumors suggests a biologically important role for B cell-de-
rived IL-6. Weplan to examine the secretion of IL-6 by nor-
mal and neoplastic B cells and its effects on cells of the mi-
croenvironment.
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