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IL-6 Undergoes Transition from 
in vitro Autocrine Growth Factor to 
in vivo Growth Inhibitor of 
B Lymphoma Cells 
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Abstract 
IL-6 is a multifunctional cytokine involved in differentiation and proliferation 
of immune cells. Moreover, it has diverse effects on the proliferation of tumor 
cells in vivo and in vitro. Although stimulating cell growth of multiple myelo- 
ma cells, it inhibits the proliferation of B 16 melanoma cells and lung cancer 
cells. B9.55 cells, B-cell lymphoma, are IL-6-dependent cells, definitely requir- 
ing exogenous IL-6 for growth. When the cDNA for IL-6 was transfected into 
B9.55 cells, they began growing in an autocrine pattern without exogenous 
IL-6. To investigate the effects of IL-6 on B9.55 lymphoma in vivo, IL-6- 
transfected B9.55 cells (B9.G7) or neotransfected B9.55 cells (B9.vec) were 
injected subcutaneously into syngeneic mice. Initially, B9.G7 outgrew B9.vec, 
but after 3 weeks, Bg.G7 grew slower than B9.vec. In addition, 5 gg of recom- 
binant human IL-6 was injected daily into the tumor site. Reduced tumor sizes 
of IL-6-treated rats, similar to those observed in mice which received B9.G7, 
indicated that IL-6 itself is the mediator of tumor regression. When B9.G7 
cells were injected into the irradiated normal mice, tumor regression was 
released compared with the untreated normal control, suggesting that radio- 
sensitive host components were involved in the regression of B9.G7 cell 
growth. However, the tumor regression of Bg.G7 cells was not released in 
SCID mice. Histologically, B9.G7 tumor demonstrated severe necrosis and 
apoptotic cells with infiltration of host inflammatory cells. Above data indi- 
cate that IL-6 functions as an autocrine growth factor for Bg.G7 cells in vitro, 
but behaves as an autocrine inhibiting factor in vivo. These contrasting effects 
of IL-6 on tumor ceils in vitro and in vivo will be facilitative in understanding 
the interaction of cytokines and host immune systems. 
e a o . . e e l o e  o ~ o e o o * e l  o o .  

Inducing specific host immunity in individuals whose 
immunity has been suppressed by tumors is a major target 
in tumor immunotherapy. Many cytokines have induced 
host immunity and abrogated tumor growth in vitro and 
in vivo [1]. For instance, IL-2 induced the infiltration of 

cytotoxic T lymphocytes and inhibited the growth of 
fibrosarcoma [2], bladder carcinoma [3], and mastocyto- 
ma [4]. IL-4 abrogated the growth of plasmacytoma [5] by 
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inducing eosinophils and macrophages, and it also inhib- 
ited the growth of renal cell carcinoma by activating T 
cells and eosinophils [6]. Murine IFN-7 effectively sup- 
pressed the growth of colon carcinoma [7] and bladder 
carcinoma [8] by inducing cytotoxic T lymphocytes. 
These and other studies of cytokine gene therapy indicate 
that each cytokine can induce specific types of immune 
cells and one cytokine can also induce different types of 
immunity depending on the tumors injected. 

IL-6 is a pleiotropic cytokine produced by the various 
types of cells, which have diverse effects on target ceils. 
The effects of IL-6 on the target cells can be categorized 
into three aspects. Initially, IL-6 induces the differentia- 
tion of cells, e.g. immunoglobulin synthesis of B cell [9, 
10], the production of acute-phase protein [11], and neu- 
ronal cell differentiation [12]. Second, IL-6 stimulates cell 
proliferation such as myeloma cells [ 13, 14] and renal cell 
carcinoma proliferation [15]. Finally, II_,-6 inhibited cell 
proliferation such as myeloid leukemia and breast carci- 
noma celt proliferation [16]. 

In vivo treatment of cytokines evoked toxicity to the 
host immune system as seen in the case of IL-2. Compar- 
ing IL-6 with IL-2 reveals that IL-6 had much less toxicity 
than IL-2 did [17], suggesting that IL-6 can be used as an 
antitumor agent without severe toxicity. By transferring 
IL-6 into tumor cells, many tumors, e.g. melanoma [ 18], 
lung carcinoma [19], and sarcoma [20] were successfully 
suppressed .  

In this study, IL-6 gene was transfected into B9.55, an 
IL-6-dependent B lymphoma. B9.55 IL-6 transfectants 
grew spontaneously in an autocrine manner. Injection of 
these transfectants into syngeneic mice outgrew control 
cells initially. But after 3 weeks, the growth pattern was 
reversed and IL-6 transfectants grew slower than the con- 
trol did. Transition of IL-6 effects from autocrine stimu- 
lating factor to inhibitory factor was observed during the 
progression of tumor in vivo. 

Materials and Methods 

Expression Plasmid and Transfection 
Human IL-6 cDNA (kindly provided by Dr. T. Kishimoto, Osaka 

University, Japan) was amplified by PCR with primers containing an 
Smal restriction site. After cutting with Smal and ligation with Barn- 
HI linker, IL-6 cDNA was subcloned into the BamHI site of pNeo- 
SRall expression vector, which was then driven by an SV40 promoter 
(fig. 1A). B9.55 cells, a subclone of B9 cells [21], maintained in RPMI 
medium containing 10% fetal bovine serum and 2 U/ml recombi- 
nant human IL-6 were transfected with IL-6 expression plasmid or 
control plasmid (pNeoSRall only), To obtain the stable transfected 
clones, the transfected cells were selected in 0.75 mg/ml G418 con- 

taining medium for 14 day's and subsequently resistant cells were 
limit-diluted for single cell cloning. The selected clone (Bg.G7) was 
maintained without IL-6. 

Bioassay of IL-6 
IL-6 activity was determined by B9 bioassay. In brief, 5 x 103 B9 

cells maintained in RPMI medium containing 10% fetal bovine 
serum and 2 U/ml recombinant human IL-6 were plated in a 96-well 
tissue culture plate. The various dilutions of samples or various con- 
centrations of standard human IL-6 (provided by T. Kishimoto Osa- 
ka University, Japan) were added in duplicate to each well. After 
68 h incubation at 37 ° C, cells were pulsed with 0.5 gCi/well [3 H]thy- 
midine for 4 h. Cells were harvested onto glassfibre filters using an 
automated cell harvester. The amount of radiolabel incorporated 
into the DNA was determined using liquid scintillation counting. IL- 
6 activity was expressed as U/ml from extrapolation of standard 
curve obtained using recombinant IL-6. 

Tumor Growth in vivo and Histology 
Five BALB/c mice (6-8 weeks old) or SCID mice were injected 

subcutaneously with either 1 x 105 B9.55 cells, the B9.55 mock- 
transfected cells, or the B9.55 IL-6-transfected cells in a total volume 
of 0.1 ml. Tumor growth was then examined daily and palpable 
tumors were measured in two pel~endicutar axes. Tumor volume 
was calculated assuming spherical growth using the formula, 4/3 n3 ,3. 
In separate experiments, recombinant human IL-6 (5 gg/day) was 
locally injected into tumors up to 30 days and the tumor volume was 
recorded. In some experiments, mice were irradiated by exposure to 
a cesium-137 source for 4.8 min, which yielded a total body irradia- 
tion dose of 500 tad. After 6 h, irradiated mice were injected with the 
IL-6-transfected B9.55 cells. Tumors were excised, and fixed in for- 
malin, embedded in parafin, and stained with hematoxylin and eosin 
for histological observation. 

Reverse Transcription - Polymerase Chain Reaction (RT-PCR) 
B9.55 cells were harvested by centrifugation, washed with ice- 

cold phosphate-buffered saline (PBS), and lysed with NP-40 lysis 
buffer. Total cytoplasmic RNA was isolated by acid guanidinium 
thiocyanate phenol-chloroform extraction. Using murine moloney 
leukemia virus reverse transcriptase (MMIN RT), cDNA was pro- 
duced for use in PCR. PCR was carried out with Taq polymerase in a 
DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, Conn., USA) for 
45 cycles, for 1 min at 94 ° C, 1 min at 55 ° C, and 2 min at 72 ° C. The 
amplified PCR products were electrophoresed on a 0.8% agamse gel 
(Sigma). The sequences of the oligonucleotides for IL-6 are 5'- 
ATGAACTCCTTCTCCACAAGCGC-3' (sense oligonucleotide) 
and 5"-GAAGAGCCCTCAGGCTGGACTG-3' (antisense oligonu- 
cleotide). 

Western Blot of IL-6 
IL-6 was electrophoretically separated and then transferred from 

a gel to a nitrocellulose membrane (NCM). NCM was incubated with 
blocking buffer (3% BSA in PBS) at room temperature for 1 h and 
then incubated with anti-ID6 monoclonal antibody at room temper- 
ature for 2 h. After three washings with TBST (50 mM Tris. pH 7.4, 
t50 mM NaC1, 0.05% Tween 20). 100 gl of 1:5,000 diluted alkaline 
phosphatase-conjugated goat-antimouse IgG was added at room tem- 
perature for 1 h. After three washings with TBST, NCM was mixed 
with the substrates for alkaline phosphatase (66 gl of NBT, 33 gl of 
BCIP in 10 ml of alkaline phosphatase buffer). 
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