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Abstract

The role of interleukin-6 (IL-6) in the growth of B cell derived
hairy cell leukemia (HCL) was characterized. Purified hairy
cells (HCs) did not increase DNA synthesis in vitro in response
to exogenous IL-6; however, they expressed IL-6 receptor (IL-
6R) mRNA and bound directly fluorochrome labeled IL-6. IL-
6 mRNA was not detectable in tumor cells by Northern blot-
ting, but was evident using PCR amplification. Although intra-
cytoplasmic IL-6 protein was not demonstrable, HCs did
secrete low levels of IL-6. Neutralizing antibody to IL-6 did not
inhibit HC DNA synthesis. Since tumor necrosis factor (TNF)
is a growth factor for HCL, we determined whether the TNF
effect could be IL-6-mediated. TNF markedly augmented in
vitro DNA synthesis by HCs. TNF did not alter IL-6R expres-
sion or IL-6 binding; however, IL-6 mRNA and IL-6 protein
were detectable after 3-d culture ofHCs with TNF. In addition,
IL-6 secretion by HCs was markedly augmented by TNF. Fi-
nally, although neither IL-6 nor anti-IL-6 antibody altered
TNF-induced DNA synthesis by HCs, IL-6 antisense oligonu-
cleotide inhibited TNF-induced DNA synthesis and IL-6 secre-
tion by HCs. Therefore, IL-6 does not directly affect the growth
of HCL, but rather mediates TNF-induced DNA synthesis via
an intracytoplasmic mechanism. (J. Clin. Invest. 1993.
92:2346-2352.) Key words: B cell malignancy tumor necrosis
factor * interleukin-6 antisense oligonucleotide* IL-6 receptors
* autocrine growth factor

Introduction

Hairy cell leukemia (HCL) ' is now generally accepted to be of
B cell origin on the basis ofphenotypic and gene rearrangement
profiles. Previous work in our laboratory has demonstrated
that HCL may correspond to late stage B (pre-plasma) cells on
the basis of their phenotype and functional repertoire ( 1).
Moreover, multiple studies have demonstrated responsiveness
ofhairy cells (HCs) to growth factors for normal human B cells
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1. Abbreviations used in this paper: 2-cda, 2-chlorodeoxyadenosine;
HC, hairy cell; HCL, hairy cell leukemia; [3H]TdR, [3H]thymidine;
TRAP, tartrate-resistant acid phosphatase.

(2-8). HCs can be stimulated to proliferate in vitro with B cell
growth factor (BCGF), which has been proposed as an auto-
crine growth factor in this disease (3, 5). Tumor necrosis factor
(TNF) has also been reported to be an autocrine growth factor
in HCL, since in vitro culture with TNF induces HCs to prolif-
erate and to generate both TNF mRNA and protein (6). Fi-
nally, the combination of interleukin-4 (IL-4) and IL-5 also
induces in vitro DNA synthesis by HCs, although neither fac-
tor alone affects HC growth (7, 8). Although these lympho-
kines have demonstrated in vitro effects, their role in the patho-
physiology ofHCL is not yet delineated.

Interleukin-6 triggers the terminal differentitation of nor-
mal B cells and has been shown to induce the growth ofmurine
plasmacytomas and hybridomas and Epstein Barr Virus-trans-
formed human B lymphocytes (9-12). It has also been pro-
posed to be either an autocrine or paracrine growth factor in
human chronic lymphocytic and acute myelocytic leukemia,
non-Hodgkin's lymphoma and multiple myeloma cells ( 13-
20). In vitro evidence exists for both autocrine and paracrine
mechanisms of IL-6 stimulation of myeloma cell line growth
(21-24). Moreover, high serum IL-6 levels observed in pa-
tients with advanced myeloma and plasma cell leukemia, cou-
pled with transient inhibition of myeloma cell growth using
anti-IL-6 antibodies in vivo, suggest a role for IL-6 in the patho-
physiology ofmyeloma (25, 26). Previous studies in HCL sug-
gest that tumor cells do not respond to IL-6 in vitro (7, 8).
Although both IL-6 mRNA and IL-6 protein have both been
reported in HCs (7, 27), its role in regulation ofHCL growth is
not precisely defined.

In the present report, the role of IL-6 in the regulation of
HCL growth was characterized. Purified tumor cells expressed
functional cell surface IL-6 receptors (IL-6Rs), were IL-6
mRNA positive by PCR, and secreted low levels of IL-6 in
vitro; however, neither exogenous IL-6 nor neutralizing anti-
body to IL-6 altered in vitro DNA synthesis by tumor cells.
TNF markedly augmented DNA synthesis of HCs in vitro,
which was specifically blocked by IL-6 antisense oligonucleo-
tide and not by IL-6 sense oligonucleotide or neutralizing anti-
IL-6 mAb. These data suggest that IL-6 does not play a direct
role in the growth ofHCL, but rather plays an indirect role by
mediating TNF-induced DNA synthesis via an intracytoplasm
mechanism.

Methods

Preparation ofHCL populations. Splenic samples were obtained from
four patients with HCL. The diagnosis ofHCL was made on the basis
of clinical presentation, as well as histopathologic (Wright-Giemsa)
and histochemical (tartrate-resistant acid phosphatase, TRAP) fea-
tures. Patient samples were immediately placed in medium containing
5% FBS, minced, extruded through stainless steel mesh, and cryopre-
served until use. Ficoll-Hypaque mononuclear cell preparations were
enriched for tumor cells by E-rosette depletion ofT cells and removal
of monocytes by adherence to plastic Petri dishes (1 h, 37QC).
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Characterization of HCL populations. HC-enriched populations
were characterized morphologically, histochemically, and phenotypi-
cally. Morphology was examined by Wright-Giemsa staining, and
HCL-associated histochemistry was defined by TRAP staining (28).
The populations of enriched leukemia cells were also examined using
mAbs directed at B, T, and myeloid antigens (Ags) in indirect immuno-
fluorescence assays as previously described (7). Monoclonal reagents
used to characterize the HCs included the following: anti-B4(CD 19),
Bl (CD20), B2(CD2I), interleukin-2R(IL-2R; CD25), and PCA-1,
which are reactive with B cells at various stages ofdifferentiation; anti-
T3(CD3), T4(CD4), and T8(CD8), which identify T cells; anti-
Mol (CDl lb) and Mo2(CD14), which stain monocytoid cells; and
anti-IL-6 receptor (MT-18), kindly provided by T. Taga (29-37).

Culture ofHCs with growth factors, IL-6 antisense, sense, and mis-
sense oligonucleotides, anti-IL-6 antibody and 2-chlorodeoxyadeno-
sine. Recombinant IL-6 was generously provided by Dr. Steven Clark
(Genetics Institute, Cambridge, MA). TNF was a gift from Dr. Donald
Kufe (Dana-Farber Cancer Institute, Boston, MA). These factors were
used at concentrations of maximal activity in standard assays based
upon previous work (7). A 15 base antisense oligonucleotide, specific
for a sequence in exon II of the IL-6 gene previously described as effec-
tive in reducing growth in Kaposi sarcoma cells (38), a control sense
oligonucleotide and a control missense oligonucleotide of the same
base compostion were synthesized by cyanoethyl phosphoramidite
methodology. The oligonucleotides were purified by Sephadex column
and ethanol precipitation and resuspended in sterile water. The oligonu-
cleotides were used at a concentration of 15 ,M. A murine neutralizing
mAb against IL-6 was provided by Dr. Edward Alderman (Genetics
Institute) and used at a concentration ( 1:100), which blocks 100 U/ml
of IL-6 in standard assays. The compound 2-chlorodeoxyadenosine
(2-cda) was provided by Dr. David Gordon (R. W. Johnson Pharma-
ceutical Research Institute, Raritan, NJ) and used at concentrations
reported previously to have in vitro cytotoxicity for HCL (39).

100-gl aliquots containing 5 X I04 purified HCs in RPMI/ 10%
FBS medium were dispensed into 96-well round-bottomed tissue cul-
ture plates (Costar, Cambridge, MA). The serum had been heated to
66°C for 45 min to reduce the exonuclease activity and thus increase
the half-life of oligodeoxynucleotides. Cells were cultured in the pres-
ence ofmedia or growth factors at appropriate concentrations to a final
culture volume of 200 ul/well. All studies were done in triplicate. In
vitro DNA synthesis by HCs in response to growth factors was mea-
sured at days 1, 3, 5, 7 and 9 of culture using [3Hjthymidine
(3[H]TdR) uptake. Cells were pulsed with 3[H]TdR during the last 16
h ofincubation (0.2 PCi/well), harvested onto glass filters with the aid
of an automated cell harvester (Cambridge Technology, Cambridge,
MA), and counted on a liquid scintillation counter (Packard Tri-Carb
4530, Downers Grove, IL). Significant proliferation was defined as a
stimulation index (SI, 3[H]TdR uptake ofsample/3[H]TdR uptake of
control) > 3.0. The anti-IL-6 mAb, IL-6 sense, antisense, and mis-
sense oligonucleotides and 2-cda were added at the initiation ofculture.
The oligonucleotides were replenished daily for experiments lasting for
3 d or every other day for experiments extending to 9 d. Cells were
harvested at intervals of maximal DNA synthesis.

IL-6 receptor binding assay. IL-6 directly labeled with phycoer-
ythrin (IL-6PE) was obtained from R + D Systems (Minneapolis,
MN). HCs were washed and incubated with IL-6PE according to manu-
facturer's directions. Labeled cells were enumerated by flow cytometric
analysis using an Epics C cell sorter (Coulter Electronics, Hialeah, FL).
Cell samples were incubated with excess unlabeled IL-6 ( 1,000 U/ml)
to demonstrate specificity of IL-6PE binding. The U266 myeloma cell
line, known to strongly express IL-6R (24), and the CEM T acute
lymphoblastic leukemia cell line served as positive and negative con-
trols, respectively.

Northern blot analysis. Total cellcular RNA was isolated from HCs
by the method ofChomczynski and Sacchi (40). Polyadenylated RNA
was isolated by the use ofoligo (dT) cellulose methodology (Invitrogen
Corp., San Diego, CA). RNA samples were fractionated on 1.0% aga-
rose gel with 6% formaldehyde and transferred onto a nylon membrane

filter (Magnagraph; Micron Separations Inc. [MSIJ, Westboro, MA).
The blots were prehybridized according to manufacturer's recommen-
dations.

Hybridization was performed using probes for IL-6 and IL-6R. A
full-length IL-6 cDNA was provided by Dr. S. Clark (Genetics Insti-
tute). A Ban II-Taq I fragment (nucleotides 215-657) was labeled by
random oligonucleotide priming using alpha32P-labeled deoxyribonu-
cleotide and Klenow fragment of DNA polymerase I. Hybridization
took place at 420C in the presence of 2X SSC, 50% formamide, 5x
Denhardt's, and 100 mg/ml denatured salmon sperm DNA. Filters
were rinsed in decreasing concentrations of SSC and SDS at 50'C to a
final stringency of 0.1 x SSC for 15 min and exposed to X-AR5 x-ray
film (Kodak, Rochester, NY) at -70'C using intensifying screens.
T24, a human urothelial tumor cell line known to secrete IL-6, served
as a positive control for IL-6 mRNA. Polyadenylated RNA from the
HCs was probed for IL-6R mRNA using a Pst-Xho I fragment (nucleo-
tides 578-1764) of IL-6R cDNA (gift from T. Taga) (41) . Filters were
rehybridized with human glyceraldehyde 3-phosphate dehydrogenase
to confirm equivalent loading of RNA.

PCR analysis. cDNA was synthesized from 1 gg samples of total
RNA from the T24 cell line and from HCs using M-MLV reverse
transcriptase (200 U/,ul) (BRL, Gaithersburg, MD). The reverse tran-
scriptase reaction product was used for subsequent PCR amplification
of specific cDNA through the use of oligodeoxynucleotide primers
spanning 639 base pairs of IL-6 mRNA (24 bp; nucleotide sequences
34 through 672). The specific PCR reaction parameters were as fol-
lows: 30 cycles of 1 min at 94°C, 1 min at 60°C,3 min at 72°C followed
by a 7-min extension at 72°C. The PCR reaction mixture contained
32P-labeled dCTP (4 MCi/ml) The PCR product was electrophoresed in
5.0% acrylamide gel, and the PCR fragments were analyzed by autoradi-
ography using exposure to X-AR5 x-ray film.

Measurement of IL-6 bioactivity. IL-6 levels in the supernatants
obtained from 3-d or 7-d cultures of HCs were measured in a bioassay
by using IL-6 dependent B9 cells as previously described (42). Test
samples were heat-inactivated and sterile filtered before use. Varying
dilutions of the test samples or IL-6 were added to wells containing 5
X I0 3 B9 cells for 72 h, with the addition of 3[H ]TdR for the last 4 h of
culture. Thymidine uptake by the B9 cells was determined as described
above.

Western blot analysis. The presence of the IL-6 protein in in HCs
was assayed through the use of immunoblotting utilizing a murine
anti-IL-6 mAb. Equal aliquots of cells were lysed in 1% NP-40 and the
detergent solubilized protein was electrophoresed through a 17.5% SDS
polyacrylamide gel (PAGE). Protein was transferred to nitrocellulose
(Nitroplus 2000; MSI) in a Hoefer mini-Transphor unit for 14 h at 75
mA. The nitrocellulose filters were then preincubated in PBS contain-
ing 2% BSA. The filters were incubated with anti-IL-6 mAb at a con-
centration of 1: 1,000 for 1 h, washed extensively, and then incubated
with a second antibody (peroxidase-conjugated goat anti-mouse
IgG). The blots were further washed and developed with 3,3"-diamino-
benzidine tetrahydrochloride.

Results

Morphologic, histochemical, and phenotypic characterization
ofHCL populations. Ficoll-Hypaque mononuclear cells were
obtained from the spleens of four patients with HCL. T cells
and monocytes were depleted by E-rosetting followed by adher-
ence to plastic. The E-rosette negative nonadherent cell popula-
tion demonstrated the morphological features of HCs by
Wright-Giemsa staining and was TRAP positive. The cell sur-
face phenotype is displayed in Table I. The B cell restricted
(pan-B cell) Ags B 1 and B4 were strongly expressed on a major-
ity (75-93%) of cells; in contrast, only a minority of cells (24-
46%) bore cell surface B2 Ag. The IL-2R, Mo 1, and the plasma
cell associated PCA- 1 Ags were present on 46% to 74%, 65% to
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Table L Cell Surface Phenotype ofHairy Cell-enriched Populations

Percentage of cells bearing antigen*

Patient Bi B2 B4 Mol PCA-l IL-2R IL-6R

1 89 27 91 83 83 74 77
2 78 46 84 87 80 46 78
3 93 38 92 8 1 75 56 76
4 75 24 78 65 78 50 70

* Mononuclear cells were isolated from spleens of patients with HCL
by Ficoll-Hypaque density sedimentation. E-rosetting and adherence
were used to remove T cells and macrophages, respectively. The re-
sulting hairy cell enriched populations were examined using indirect
immunofluorescence and flow cytometric analysis.

87% and 75% to 83% cells, respectively. The MT-18 mAb, di-
rected against IL-6R, was reactive with 70% to 78% of cells. T
cell restricted (T3, T4, T8) and monocyte restricted (Mo2) Ags
were minimally expressed (< 5%) on HCL enriched popula-
tions.

Response and mechanisms of response ofHCs to growth
factors. The HCL populations were cultured with TNF, IL-6,
IL-6 sense, missense or antisense oligonucleotides, anti-IL-6
mAb, and 2-cda, either singularly or in combination, and as-
sayed for DNA synthesis after various days of culture. Sponta-
neous 3[H]TdR uptake by the HCs cultured in media alone
was minimal (< 1,200 cpm) (Table II). TNF markedly in-
creased (4-10-fold) DNA synthesis at day 3 (patients 1 and 2)
or day 7 (patients 3 and 4), whereas DNA synthesis in the
presence ofIL-6, IL-6 sense, missense or antisense oligonucleo-
tides, anti-IL-6 mAb, or 2-cda was not significantly different
from cultures with media alone. No significant additive or in-
hibitory effects were seen when IL-6 or anti-IL-6 mAb was
cultured with TNF. IL-6 antisense, but not IL-6 sense or mis-

sense oligonucleotides, significantly decreased DNA synthesis
induced by TNF. 2-cda demonstrated effects similar to IL-6
antisense oligonucleotide.

After 3 d of culture of HCs (patient 2) with media, TNF,
TNF + IL-6 sense oligonucleotide, TNF + IL-6 antisense oligo-
nucleotide, TNF + IL-6 missense oligonucleotide, or TNF
+ 2cda, the percentage ofviable cells was 65%, 84%, 79%, 84%,
77%, and 24%, respectively, confirming that the oligonucleo-
tides were not toxic to tumor cells.

IL-6 receptor binding assay. HCs were evaluated for spe-
cific binding of IL-6PE to assay for presence of functional IL-
6Rs. Flow cytometric analysis demonstrated specific IL-6PE
binding of76% on the U266 cell line, known to be IL-6 respon-
sive (Fig. 1 A); in contrast, no binding ofIL-6 PE was observed
on the T acute lymphoblastic leukemia cell line CEM, which is
nonresponsive to IL-6 (Fig. 1 B). 80-85% strong binding of
IL-6 PE to HCs from four patients was noted (Fig. 1 C and D).
This was specific, as evidenced by complete blocking of IL-6
PE binding to HCs preincubated with an excess of unlabeled
IL-6. No significant changes in IL-6 binding were noted in HCs
cultured with TNF for 3 d (Fig. 1 E).

Expression ofIL-6 and IL-6 receptor mRNA transcripts in
HCs. The expression of IL-6 mRNA in total RNA isolated
from HCs was examined by Northern blot analysis. The 1.3 kb
transcript for IL-6 mRNA was present in the T24 bladder cell
line (Fig. 2 A, lane 1) but was absent in the CEM cell line (lane
2) and freshly isolated HCs (lanes 3 and 4). In contrast, IL-6
mRNA was demonstrated after 3 d ofculture with TNF (Fig. 3
A, lanes 5 and 6). With increased sensitivity using PCR ampli-
fication, IL-6 mRNA was again observed in T24 (Fig. 2 B, lane
1) and lacking in CEM cells (lane 2). It was readily detectable
in freshly isolated HCs both before (lanes 3 and 4) and after 3 d
of culture with TNF (lanes 5 and 6).

Expression ofIL-6R mRNA, as evidenced by a single 5.3 kb
band on Northern blot analysis of polyadenylated RNA, was
present in the RPMI 8226 myeloma cell line (Fig. 3, lane 1)

Table II. Response ofHairy Cells to Recombinant Growth Factors 3[H]TdR Uptake (Stimulation Index)*

Stimulus+ Patient I Patient 2 Patient 3 Patient 4

Media 1175±234 401±241 296±28 339±201
TNF 9887±998 (8.4) 3822±627 (9.5) 1327±260 (4.5) 3453±177 (10.2)
IL-6 1114±326 (0.9) 336±209 (0.8) 405±224 (1.4) 206±84 (0.6)
anti-IL-6 mAb 2095±181 (1.8) 384±77 (1.0) 247±32 (0.8) 200±67 (0.6)
IL-6 sense oligonucleotide 1172±498 (1.0) 312±172 (0.8) 392±195 (1.3) 184±71 (0.5)
IL-6 antisense oligonucleotide 758±143 (0.6) 314±217 (0.8) 307±82 (1.0) 260±75 (0.8)
IL-6 missense oligonucleotide 1021±103 (0.9) 481±128 (1.2) 504±167 (1.7) 242±61 (0.7)
2-cda 413±241 (0.4) 294±53 (0.7) 207±63 (0.7) 281±17 (0.8)
TNF + IL-6 9717±253 (8.3) 3900±914 (9.7) 949±192 (3.2) 3282±740 (9.7)
TNF + anti-IL-6 mAb 9392±113 (8.0) 4863±252 (12.1) 1064±97 (3.6) 3503±663 (10.3)
TNF + IL-6 sense 9236±614 (7.9) 2713±443 (6.8) 1159±355 (3.9) 2077±1152 (6.1)
TNF + IL-6 antisense 1692±634 (1.4) 810±170 (2.0) 480±75 (1.6) 1249±168 (3.7)
TNF + IL-6 missense 8827±1130 (7.5) 3796±1007 (9.5) 1004±392 (3.4) 2675±955 (7.9)
TNF + 2-cda 444±144 (0.4) 300±83 (0.8) 228±53 (0.8) 453±375 (1.3)

* 100-,ul aliquots containing 5 x 104 purified HCLs in RPMI/10% FBS medium were dispensed into 96-well round-bottomed tissue culture
plates. Cells were cultured in the presence of media or growth factors at appropriate concentrations to a final culture volume of 200,ul/well. Ex-
periments were performed in triplicate. Cells were pulsed with 0.2 ,Ci/well [3H]TdR after 56 h (patients I and 2) or 152 h (patients 3 and 4) in
culture and were harvested onto glass filters and counted on a scintillation counter (mean ± SEM) 16 h later. Stimulation index = [3H]TdR
uptake of sample/3[H]TdR uptake of control.
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Figure 1. Binding of IL-
6 to HCs. HCs were in-

cubated with IL-6 di-
rectly conjugated to
phycoerythrin. Labeled
cells were enumerated
by flow cytometric

I analysis. The U266 (A)
and CEM (B) cell lines
served as positive and
negative controls, re-

spectively. Two repre-

sentative HCL patients'
samples are seen in C
and D (patients 3 and
2, respectively). (E)
Demonstrates the IL-6
expression on HCs (pa-
tient 2) cultured for 3
d with TNF.

and absent in CEM cells (lane 2). Tumor cells freshly isolated
from patients with HCL also expressed IL-6R mRNA (lanes 3
and 4).

Secretion ofIL-6 by HCs. HCs were cultured with media,
TNF, and TNF plus either IL-6 sense, missense or antisense
oligonucleotides for 3 or 7 d. Supernatants from these cultures
were added to B9 cells to test for IL-6 bioactivity. Incubation of
the B9 cells with oligonucleotides alone did not result in signifi-
cant changes in thymidine incorporation by the cells. As can be
seen in Fig. 4, low levels (5±0.9 U/ml) ofIL-6 were secreted by
HCs cultured in media alone. Culture with TNF reproducibly
increased IL-6 secretion by HCs threefold (16.1±2.4 U/ml).
B9 cells were not stimulated when cultured with TNF alone.
Culture with IL-6 antisense oligonucleotide inhibited (> 90%)
TNF-induced IL-6 secretion by HCs (1.4±0.4 U/ml IL-6). In
contrast, IL-6 secretion in the presence ofTNF and IL-6 sense

oligonucleotide (12.7±4.5 U/ml) was not significantly differ-
ent from that triggered by TNF. IL-6 missense oligonucleotide
also did not alter IL-6 secretion induced by TNF (data not
shown).

Expression ofintracytoplasmic IL-6 protein. The presence

of IL-6 protein within the cytoplasm of HCs was examined
using immunoblotting. The IL-6 protein of approximately 75
kD was demonstrable in the cytoplasm of T24 cells (positive
control; Fig. 5, lane 1) and absent in CEM cells (negative con-

trol, lane 2). Although this protein was not present in freshly
isolated HCL tumor samples (lanes 3 and 4) or in HCs cul-
tured for 3 d in media alone (data not shown), it was readily
detectable after 3-d culture with TNF (lanes 5 and 6).

B

1 2 3 4 5 6

639 bp - m * W
Figure 2. (A) Expression of IL-6 mRNA in HCs detected by Northern
blot analysis. 15 Ag of total RNA was isolated from HCs before and
after culture with TNF for 3 d. The RNA was fractionated on agarose

gels, transferred to nylon membrane and hybridized with a 32P-labeled
IL-6 cDNA probe. The T24 (lane 1) and CEM (lane 2) cell lines
served as positive and negative controls, respectively. RNA isolated
from 2 patients' (lanes I and 2) HCs lacked IL-6 mRNA (lanes 3
and 4). After incubation for 3 d with TNF, HCs (patients 1 and 2)
expressed the 1.3 kb IL-6 mRNA (lanes 5 and 6). (B) Expression of
IL-6 mRNA in HCs as detected by PCR. Total RNA (1 Mg) from 2
HCL patients (lanes 2 and 3) was reverse transcribed and PCR with
oligonucleotides specific for IL-6 used to amplify the cDNA product.
RNA from the T24 (lane 1) and CEM (lane 2) cell lines served as

positive and negative controls, respectively. HCs before (lanes 3 and
4) and after 3-d culture with TNF (lanes 5 and 6) expressed IL-6
mRNA.

Discussion

In this report, we have characterized the role of IL-6 in the
growth of HCL. Enrichment for tumor cells was confirmed by
characteristic phenotypic and histochemical staining. HCs ex-

pressed IL-6R mRNA and functional IL-6R, but did not in-
crease DNA synthesis in response to exogenous IL-6. IL-6
mRNA was detectable in tumor cells by PCR and these cells
secreted low levels of IL-6, but neutralizing anti-IL-6 mAb did
not inhibit their growth. TNF markedly upregulated DNA syn-

thesis in HCs, with concomitant increments in IL-6 mRNA
and IL-6 secretion. Most importantly, IL-6 antisense oligonu-

1 2 3 4 Figure 3. Northern blot
of IL-6R mRNA ex-

pression in HCs. Poly-
adenylated RNA (5 Mg)

,, was isolated and frac-
5.3kb- tionated on agarose gels,

,* transferred to nylon
membrane, and hybrid-

ized with a 32P-labeled IL-6R cDNA probe. The 5.3 kb IL-6R mRNA
was present in RPMI 8226 cells (lane 1), as well as HCs from 2 pa-

tients (lanes 3 and 4, patients 2 and 4, respectively). The CEM cell

line served as a negative control (lane 2).
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Figure 4. Secretion of IL-6 by HCs. HCs were cultured for 3 or 7 d
with: media (U); TNF (U); TNF + IL-6 sense oligonucleotide (U); or
TNF + IL-6 antisense oligonucleotide (0). Supernatant from the cul-
tures were harvested, heat inactivated, filter sterilized, and added to B9
cells to test for IL-6 bioactivity. Values represent the mean plus stan-
dard deviation of duplicate experiments in two representative patients
(lanes I and 2).

cleotide specifically inhibited both DNA synthesis and IL-6
secretion triggered by TNF. These data suggest that IL-6 medi-
ates the effects ofTNF on HCL growth via an intracytoplasmic
mechanism.

Previous studies have suggested that HCL is ofB cell origin
and may represent a pre-plasma cell malignancy ( 1). Since
IL-6 triggers terminal differentiation of normal B cells and has
been proposed as either an autocrine or paracrine growth factor
for myeloma ( 16-20), it was of interest to characterize its role
in HCL growth. In this and other (7, 8) studies, IL-6 did not
augment in vitro DNA synthesis in HCs. Also, anti-IL-6 did
not inhibit spontaneous growth ofHCs in vitro. Therefore IL-6
did not serve as an autocrine growth factor. Both TNF and

1 2 3 4 5 6

100.6- '.~

71.2-

43.5-

Figure 5. Western blot analysis for intracytoplasmic IL-6 protein in
HCs. Cells were lysed in 1% NP-40 and SDS-PAGE was performed
using 17.5% gels. Protein was transferred to nitrocellulose filters and
incubated with a murine anti-IL-6 mAb. Filters were then washed
extensively and incubated with peroxidase-conjugated anti-mouse
IgG. Blots were further washed and developed with 3,3"-diaminoben-
zidine tetrahydrochloride. T24 (lane 1) and CEM (lane 2) cells
served as positive and negative controls, respectively. HCs from 2 pa-
tients (I and 2) (lanes 3 and 4) lacked detectable IL-6 protein. After
3 days of culture with TNF, the IL-6 protein of - 75 kD was de-
monstrable (patients I and 2 in lanes 5 and 6, respectively).

BCGF have previously been reported to be autostimulatory
growth factors in HCL (3, 5, 6); moreover, increased serum
levels ofTNF have been noted in patients with HCL, suggest-
ing that it may play a role in HCL growth in vivo (43, 44). Our
results confirm that TNF augments DNA synthesis by purified
HCs in vitro. In addition, the blocking of this response by IL-6
antisense oligonucleotide, but not by anti-IL-6 neutralizing
mAb, suggests that it is mediated by IL-6 in an intracytoplas-
mic mechanism. This is analogous to previous reports of auto-
crine systems wherein cell growth is insensitive to exogenous
growth factors and neutralizing antibodies are unable to inhibit
proliferation (45-49). Such systems are compatible with a
mechanism whereby receptor association and signal transduc-
tion both occur internally. This intriguing paradox in regula-
tion in which a growth factor lacks activity when binding to an
external receptor but appears functional in an internal mecha-
nism (i.e., when binding to the identical receptor within the
cytoplasm) warrants further study.

The interplay ofIL-6 and TNF has also been noted in other
systems. Brach et al., for example, reported that TNF enhanced
IL-6 mRNA transcripts in monocytes (50). These authors fur-
ther demonstrated that both TNF and lymphotoxin bound to
the same receptor, but the former enhanced steady state levels
of IL-6 mRNA transcripts in monocytes due to mRNA stabili-
zation, whereas the latter shortened IL-6 mRNA half-life. This
observation may have relevance in HCL since TNF-a, but not
lymphotoxin, stimulates cell growth (51 ). In B cells, activation
triggers TNF earlier than IL-6, but both are required for Ig
secretion (52). Moreover, anti-TNF antibody partially blocks
IL-6 production and Ig secretion by normal B cells. Finally,
increased levels of IL-6 mRNA transcripts have been demon-
strated in acute myeloblastic leukemia blasts and polymor-
phonuclear neutrophils, respectively, after stimulation with
TNF (53, 54). Thus, TNF induces IL-6 production in a variety
of normal and malignant cells.

Interferon-a and 2-cda have demonstrated efficacy in the
treatment ofHCL (55), but their exact mechanism ofaction is
unknown. Interferon-a has been shown to inhibit in vitro
DNA synthesis induced in HCs by various growth factors (4, 7,
8, 56). It induces ultrastructural alterations in HCs, supporting
the notion that it impairs HC responsiveness to B cell growth
factors by altering the target cells (56). In B chronic lympho-
cytic leukemia and HCL, IFN-a shortens the half-life ofTNF
mRNA (27). These studies suggest that IFN-a may interrupt a
TNF autocrine growth mechanism in HCL. However, other
studies present conflicting or alternative mechanisms of IFN's
effects; i.e., it may act in HCL by affecting CD20 phosphoryla-
tion (57), or by inducing differentiation (58). Moreover, some
studies directly contradict the notion that IFN-a interrupts a
TNF autocrine growth mechanism in HCL and suggest that
IFN-a both enhances the expression of cell surface TNF and
IL-6 receptors and augments TNF production by HCs (59-
61 ). The cytotoxic effect of 2-cda in HCL is proposed to result
from the accumulation of its 5'-triphosphate form in cells with
high deoxycytidine kinase activity, resulting in DNA strand
breaks and ATP depletion (55). The present data suggest that
future studies should examine whether either IFN-a or 2-cda
may also be acting via their effects on IL-6 mediated growth
of HCL.

The mechanism whereby TNF induces IL-6 in HCL is un-
defined. There are several potential transcriptional control ele-
ments, such as glucocorticoid-responsive elements, an AP- I
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binding site, a c-fos serum- responsive element homology, a
cyclic AMP-responsive element, and an NF-KB binding site
within the IL-6 promoter (62). Previous studies suggest that
the induction of IL-6 by TNF appears to involve an IL-6 pro-
moter element termed inflammatory lymphokine-responsive
element (ILRE; 63). The ILRE sequence is highly homologous
to NF-KB transcription factor binding motifs and binds an IL-
1-TNF-a inducible nuclear factor. The sequence specificities,
binding characteristics, and subcellular localizations ofthis fac-
tor are indistinguishable from those of NFKB. In addition, mu-
tations of the ILRE sequence that impair the binding of this
nuclear factor abolish the induction of IL-6 gene expression by
IL- 1 and TNF-a in vivo (64, 65) Thus, a nuclear factor indistin-
guishable from NF-KB is involved in the transcriptional activa-
tion of the IL-6 gene by IL-1 and TNF-a (66). Future experi-
ments using appropriate IL-6 promoter constructs in CAT re-
porter assays will determine whether the effects of TNF-a on
IL-6 induction in HCs similarly involve activation of the IL-
RE sequence within the IL-6 promoter.
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