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ABSTRACT

Studies in recent years have suggested that human tumor cell lines are
capable of responding hi vitro to hematopoietic growth factors. In the
present study, we investigate the transcription of the a and /! subunits of
granulocyte-macrophage colony-stimulating factor (GM-CSF) receptor,
the a and ÃŸsubunits of interleukin 3 (IL-3) receptor, and the single
subunit of interleukin 6 i ll.-hi receptor and its associated gpl30 trans-
duction protein by I'CK amplincation of reverse-transcribed cellular

iiiKN \ in 34 malignant cell lines derived from a variety of histolÃ³gica! cell
types. mRNA for only a single subunit polypeptide was found in a signif
icant minority of cell lines (23% ), while in 20% both the a and (t subunils
of either the GM-CSF receptor or the II.-3 receptor were detected among

a number of different histolÃ³gica! cell types. Transcription of the gene
encoding the II -d receptor was found in 38% of cell lines, and all lines

transcribed the gpl3() transduction protein, consistent with previous ob
servations on the ubiquity of that polypeptide. In order to test the in vitro
effect of exogenously added growth factors on those malignant cell lines
transcribing complete cytokine receptor, either GM-CSF, II.-3, or IL-6
was added in therapeutic concentrations (20â€”500ng/ml) and cellular pro
liferation was measured by incorporation of I'll|tli>iiiidiiir. No stimula

tion was seen at either 3 and 6 days of culture. Production of cytokine by
these cell lines was investigated at the level of transcription and by assay
of peptide product. None transcribed mRNA for either GM-CSF or IL-3,
while 5 of 6 (STI), DOZ, ADE, Hep-2. and Detroit) expressed IL-6 mRNA.
Of these latter, 2 cell lines (ADE and Hep-2) produced IL-6 as determined
by bioassay, while none produced GM-CSF or IL-3 by enzyme-linked
immunosorbent assay. This suggests that in the case of GM-CSF and IL-3,

failure to proliferate on addition of cytokine is not due to the prior
presence of endogenous production. In contrast, at least a subset of ma
lignant cell lines may involve a closed IL-6 autocrine loop saturating cell

surface sites. These Findings suggest that the ability to transcribe the genes
encoding cytokine receptor is by itself insufficient to render cells cytokine
responsive and that malignant cells may lack the cellular machinery for
cytokine-induced proliferation. This in turn suggests that therapeutic ad
ministration of either GM-CSF, IL-3, or IL-6 may involve no additional

risk of tumor rcgrowth in vivu.

INTRODUCTION
GM-CSF' and IL-3 are potent hemalopoietic growth factors stim

ulating the proliferation and differentiation of both multipotcnt stem
cells and lineage-committed hematopoietic cells (1.2). The transmem

brane cell surface receptors which bind these growth factors and
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transduce their signal intracellularly have been cloned and character
ized in recent years. The GM-CSFR is composed of two subunits, a
low affinity a subunit specific for the GM-CSFR (3) and a ÃŸsubunit,
which it shares in common with the IL-3 receptor (4). Together, these

make up the M, 45,000 receptor, and their coexpression results in high
affinity GM-CSF binding (5). The IL-3R. likewise composed of two

subunits, the common ÃŸsuhunit and a recently cloned specific a
subunit, has a combined molecular weight of 120,000 (4. 5). IL-6 is a

pleiotropic cytokine involved in immune and inflammatory processes
in addition to its role in hematopoietic maturation (6). Its receptor
IL-6R, composed of a single unit with a molecular weight of 80.000.

and an associated gpl30 transduction protein have been cloned and
characterized (7-9).

The influence of hematopoietic growth factors has recently been
examined in a variety of human solid tumor cell lines, including those
derived from small cell lung cancer and melanoma, as well as from
renal, colon gastric, and ovarian carcinomas. Several reports suggest
that GM-CSF. IL-3. and IL-6 might be capable of stimulating the
growth of some of these malignant cell lines in vitro ( 10-21 ). although

discrepancies have been found in comparing different studies of the
same histolÃ³gica! tumor type and even among tumor cell lines derived
from the very same source. These apparent inconsistencies likely arise
from the biological heterogeneity of the tumors studied. What
emerges, however, is the possibility that malignancies, or at least a
subset of malignant cells, may owe part of their capacity to proliferate
to stimulation by cytokines. Moreover, the stimulation may result
from either a paracrine effect of cytokine produced by a source other
than the tumor itself or from a self-sustaining autocrine loop of tumor-
produced cytokines (22-24).

Because of the increasing use of hematopoietic growth factors in
clinical settings following chemotherapy and autologous bone marrow
transplantation (25). there is concern that these stimulating factors,
while promoting repopulation of the bone marrow, might at the same
time induce regrowth of residual tumor. In this report, we analyze the
transcription of the genes encoding the GM-CSF, IL-3. and IL-6

receptors in 34 cell lines derived from a variety of human malignan
cies. RNA message for cytokine receptors was found to be transcribed
to a greater degree than previously reported. However, despite evi
dence for transcription and expression of growth factor receptors by
tumor cells, no indication was found that this results in cellular pro
liferation in vitro when the corresponding factors are exogenously
added in a range of concentrations analogous to those administered
therapeutically. More than just (he presence of cell surface receptors
may be required for a stimulatory response to cytokines. Failure to
proliferate may be due to either an inability of tumor cells to bind
cytokines in adequate concentrations or to an inability to properly
transduce signal from the cell membrane to the cytosol. These in vitro
findings imply that in vivo therapeutic administration of hematopoietic
growth factors may entail no proliferation of tumor cells and no added
risk of tumor recurrence clinically.
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MATERIALS AND METHODS

Cell Lines. Small cell lung cancer cell lines (OCI, OC2. OC3. FRA. STO.
GIL, THO. BAT. DEV. VHE. FIC, DOZ) were established in our laboratory
except for two cell lines (H69 and H128) kindly provided by the National
Cancer Institute (Bethesda. MDl and were cultured in RPMI-HITES medium

(26). Melanoma cell lines (DES, G43. WO, RENI. ADE) were developed in
our laboratory and maintained in Dulbecco's medium with 20% 4-(2-hydroxy-

ethy])-l-pipera/ineethanesulfonic acid. 4.5r/c glucose, and 10% FCS. Head and

neck carcinoma cell lines (Fadu. KB. Hep-2. Detroit 562. RPMI 2650) were
purchased from the ATCC (Rockville. MD) and cultured in modified Eagle's

medium with nonessential amino acids and 10% FCS. Ovarian neoplastic cell
lines (AZ 224. AZ 382. AZ 364. AZ 303) obtained from Dr. J. De GrÃ¨ve
(Division of Medical Genetics, Vrije Universiteit. Brussels. Belgium) and
proslatic carcinoma (DU 145) cell line purchased from the ATCC were cultured
in RPMI 1640 supplemented with 10% FCS. Two gastric cancer cell lines from
the ATCC (AGS and KATO III) were cultured in Ham's FI2 medium and

RPMI 1640. respectively. Finally, three kidney carcinoma cell lines obtained
from the ATCC (CAKI I. CAKI II, A498) were maintained in McCoy's or
modified Eagle's medium. HL60 cells (a human promyelocytic cell line) (27).

KG I cells (28). and CESS cells (an Epstein-Barr Virus-transformed B cell line)

(29) were used as positive controls.
PCR Amplification and Analysis of Product. Total RNA was extracted

from 5 X 10Â°cells either using the phenol extraction method (30) or the

guanidium method (3D. cDNA was synthesized using l Â¿igof total RNA with
reverse transcriptase (BRI.. Gaithersburg. MD) and random hexanucleotides
(Pharmacia. Milwaukee. WI) in a 20-jil volume containing final concentrations

of 50 m.MTris (pH 8.3), 20 mm KCI, IO imi MgCN, 5 rmi dilhiothreitol, and
1 m\i ot each deoxynucleotide triphosphate. Five fxl ot the reverse transcriptase
reaction was used for PCR amplification in a 50-fil volume containing 15 pmol

of primers. I nmol of each deoxynucleotide triphosphate. and 2.5 units of Taq
DNA polymerase (BRL) in a final concentration of 50 m.M KCI. IO imi
Tris-HCI (pH 8.3). and 2.5 imi MgCI:. Reaction mixtures were subjected to 25
successive cycles consisting of heat denaturation (94rC: 1.5 min), annealing
(55Â°Cfor 2 min for GM-CSFRa. GM-CSFRÃŸ. IL-6R. IL-3, and IL-6; 60Â°Cfor
IL-3RÂ«. GM-CSF. and 65Â°Cfor human ÃŸ-actin)and primer extension (72Â°C

for 3 mini. PCR products were si/e-fractionated in 2% agarose gels and blotted

onto Genescreen Plus nylone membranes (Dupont NEN. Boston. MA). The
blots were hybridi/ed with gene-specific oligonucleotides probes internal to

the paired PCR primers used in generating each product. Oligonucleotides
were end-labeled by T4 polynucleotide kinase and |T-'2P]ATP (32). The se

quences of each set of PCR primers and their corresponding gene-specific

internal oligonucleotide probes are depicted in Table I. Conditions of prehy-

bridi/ation. hybridization, and washing were performed as previously de
scribed (32) al the temperatures indicated in Table I.

Assay for Endogeneous Cytokine Production by Malignant Cells. Su-

pernatants of malignant cell lines of at least 3 days of growth were assayed for
the presence of GM-CSF and IL-3 in 96-well plates by ELISA as recom

mended by the manufacturer (Amersham International. United Kingdom). IL-6
activity was measured using the IL-6-dependent murine hybridoma 7TDI as

previously described (33).
Cellular Proliferation Assay. Cells were cultured, in triplicate, in 100 /il

of their respective medium containing FCS at a concentration lower than that
used in the original cultures (3%) in 96-well flat-bottomed microiiter plates

(Costar. Cambridge. MA) al a concentration of \(f cells/ml. Recombinant
GM-CSF. recombinant IL-3. and recombinant IL-6 (provided by Sando/.

Basel, Switzerland) were added at three different concentrations (20. 100. and
500 ng/ml) to each set of triplicate wells at the initiation of the culture. After
3 and 6 days of culture. 0.5 fiCi of ['H]thymidine (Dupont NEN) was added

to each well and cells were harvested 24 h later.

Statistical Analysis. Values are expressed as the mean and the mean Â±
SEM. The significance of differences between groups was calculated using the
Studem-Newman-Keuls test.

RESULTS

PCR amplification products of the cytokine receptor gene tran
scripts under study are depicted in Table 1. As indicated, the expected
lengths of the gene transcripts were 530 base pairs for GM-CSFRa.
442 base pairs for IL-3Ra. 316 base pairs for the common ÃŸchain.
306 base pairs for IL-6R. 322 base pairs for GM-CSF, 344 base pairs
for IL-3, and 459 base pairs for IL-6. In addition, the PCR primers
corresponding to the IL-6 signal transducer yielded a 759-base pair
product and those for actin yielded a 519-base pair product. Ampli

fication with the actin primers confirmed the presence of intact cDNA
in each sample. Hybridization of each PCR product to its correspond-

Table 1 Primer* iisi'tl for PCR tiinplifuHtÃ¬ontinti internal ttlÃ¬fiitniiclettntleprobes for tletrctitm of PCR prt

PCRGM-CSFRaGM-CSFRÃŸIL-3RaIL-6Rgpl30GM-CSFIL-3IL-hÃŸ-actinGM-CSFRaGM-CSFRÃŸIL-3RaIL-6Rgpl.WGM-CSFIL-3IL-6ÃŸ-actinprimersSenseAnlisenseSenseAntisenseSenseAnlisenseSenseAnlisenseSenseAnlisenseSenseAnlisenseSenseAnlisenseSenseAntisenseSenseAntisenseInternal

oligonucleotide5555555555

' -CTTCTCTCTG ACC AGCA-3'5'-ACATCiGCiTTCCTGAGTC-3'5

' -TC ACTCC ACTCGCTCC AG AT-3'5
' -AATACATCGTCTCTGTTC AG-3'.V-

ATGTG ACCGATATCGAGTGTG-.1'.V-GATACCGAAGGCTGCGCTCCT-3'.V-TCCACGACTCTGGAAACTAT-.V.V-ACTATGTAGAAAGAGCTGTC-.V5

' -ATTCCTA AGG AGC AATATAC-3'5
' -TGGTCTATCrrC ATAGGTGT-3'5
' -TGGCCTGC AGC ATCTCTGCA-3'.V-GTGATAATCTGGGTTGCACA-3'.V-AGACAAGGTCCTTGAAGACA-3'5--CTCAAGGGTTTTCAGATAGA-.V.V-CAGGAGAAGATTCCAAAGAT-3'.V-ACTGGTTCTGTGCCTGCAGC-3'5

' -GTGGGGCGCCC AGGCACCA-3'5
'-TCCTTA ATGTC AAG AACG AT-3'probes-TGTGACTCCTTCATGCAGAC-3'-GTGTGGTCTATGTGTTCGTA-3

'-AAGAAATCCACGTCATGAAT-3'-ATCCACAAACAACATTGCTG-3'-GAATAATCAACAGTGCATGA-3'ATTTCTGAGATGACTTCTAC-3'-CTCAAGGGTTTTCAGATAGA-3'-GTCTCCTC

ATTG AATCC AG A-3'-
AGGTCTCA AAC ATGATCTGG-3 'Lenglh

of
amplificationproduci(base

pairs)530316442306759322344459519Hybridizationtemperature55Â°C55Â°C50Â°C50Â°C50Â°C55Â°C55Â°C55T50Â°CReference35479343536373547934353637
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CYTOKINE RECEPTOR GENE TRANSCRIPTION IN MALIGNANT CELLS

ing gene-specific internal oligonucleotide probe confirmed the spec

ificity of the amplifications.
Results of cytokine receptor gene expression are presented in Table

2. Transcription of the gene encoding only a single subunit of the
GM-CSFR or IL-3R was detected in a significant minority of cell lines
(8 of 34; 23%). The a subunit of GM-CSFR was detected alone in 6
of 34 of the lines while the a subunit of IL-3R alone was not found

in any. Both a subunits were identified in 2 of 34 cell lines. The ÃŸ
subunit, common to both the GM-CSFR and IL-3R, was found as the

sole transcript in 1 of 34 cell lines. Expression of a single subunit, or
of only a subunits of both GM-CSFR and 1L-3R, without concomitant

production of ÃŸsubunits. confers only low affinity binding to their
respective cytokines. Simultaneous expression of both the a and ÃŸ
subunits of either the GM-CSF or the IL-3 receptor was seen in 7 of
34 (20%) of the cell lines. Of these, transcripts of the two GM-CSFR
subunits alone were detected in I and those of IL-3 in 2. while in 4 cell

lines, both subunits of both receptors were identified. These included
2 small cell carcinoma cell lines, I melanoma cell line. 2 head and
neck cancer cell lines, 1 ovarian carcinoma, and 1 renal carcinoma
cell line. Transcription of the gene encoding the IL-6R was found in

13 of 34 (38%) cell lines including 2 small cell lung cancers, 2 mel
anomas, 4 head and neck tumors. I prostatic carcinoma. 1 gastric
carcinoma, and 3 renal carcinomas. The expression of the IL-6 sig-

Table 2 Deiectitm ofcvtokine receptor gene transcription M PCR amplification of
reverse-transcribed total /Ã•MAderived from Inanan malignant cell lines

Cell line GM-CSFRa GM-CSFRÃŸ IL-3Ra IL-6R gpl30

HL-60 + + +
KGI + + + +
CESS + + + + +
Small cell lune cancer

H69 +
H128 +
OCI +
OC2 +
OC3 +
FRA +
STO + + + +
GIL + +
THO + +
BAT +
DEV +
VHE + +
FIC +
DOZ + + + +

Melanoma
DES + + +
G43 +
WO +
RENI +
ADE + + + + +

Head and neck cancer
Fadu + + + +
KB + + +
Hep-2 + + + +
Detroit + -I- + + +

RPM1 2650 +

Ovarian cancer
AZ 224 + +
AZ 382 + + + +
AZ 364 +
AZ 303 + + +

Prostatic cancer
DUI45 + + + +

Gastric cancer
ACS +
KATO III + + +

Kidney carcinoma
CAKI I + + + + +
CAKI II + + +
A498 - - + +

nal transducer. gpl30. was expressed by all cell lines regardless of
the concomitant transcription of the other cytokine receptors, includ
ing IL-6R.

Characteristic results of PCR amplification of the panel of tumor
cells are shown in Fig. 1. As indicated, a relatively high frequency of
transcription of cytokine receptor genes was found. Amplification of
even minute amounts of reverse-transcribed cDNA could conceivably
yield false positive results. For this reason, we diluted the reverse-

transcribed cDNA serving as template by 1:100 in those cell lines
yielding initial positive PCR products. The diluted material was then
amplified and the product quantitatively compared to that obtained
from the PCR product using as template undiluted cDNA from the
positive control cell lines by hybridizing to the corresponding internal
oligonucleotide probe (data not shown). Simultaneously run appro
priate negative controls ensured that positive samples did not result
from contamination.

To test the in vitro proliferative effect of exogenously added growth
factors on malignant cells, those cell lines expressing both subunits of
either GM-CSFR. IL-3R, or those transcribing the single unit of IL-6R

were cultured with their appropriate cytokine in a concentration range
of 20 to 500 ng/ml and stimulation was measured by incorporation of
pHlthymidine. No stimulatory effect as compared to the control cul
ture was seen at any of the concentrations for either GM-CSF. IL-3, or
IL-6 at either 3 or 6 days of culture (Table 3). The lower concentration
of GM-CSF and IL-3 actually yielded diminished incorporation (3H|-

thymidine in cell line STO and DOZ. suggesting that antiproliferative
effect at those concentration cannot be definitively ruled out.

By ELISA, neither GM-CSF nor IL-3 were detected in the super-
natants of the cell line used in the proliferative assays. IL-6, as
measured by bioassay with the IL-6-dependent murine hybridoma

7TD1 (33), is absent in the supernantants of lines STO. DOZ. and
Detroit, while present in lines ADE and Hep-2 at 200 and 225 ng/ml.

respectively.
Analysis by PCR amplification of the expression of the cytokine

gene transcription corroborates these results. Transcripts of neither
GM-CSF nor IL-3 were found in any cell line studied. However,
transcription of the gene encoding IL-6 was detected in most cell lines

from a variety of histolÃ³gica! origins (Table 4).

DISCUSSION

Hematopoietic growth factors have won an established place in the
prevention and treatment of the hematological complications induced
by cancer chemotherapy. However, a number of reports have sug
gested that growth factors might also induce the in vitro proliferation
of nonhematological malignant cell lines or at least a subset of tumor
cell lines (10-21). Presumably, the inappropriate presence of cell

surface receptors for cytokines on tumor cells contibutes to the growth
deregulation characteristic of malignancies. The use of growth factors,
then, might facilitate the progression of the residual disease or, de
pending of the factor involved, might conceivably induce tumor cell
differentiation as well.

In the present study, on examining the transcription of the genes
encoding receptors for growth factors, we observed a relatively fre
quent expression of both subunits of either the GM-CSFR or the
IL-3R (20%) as well as of the single subunit of IL-6R (38%). These

included cell lines derived from a variety of malignant histolÃ³gica!
types (Table I). Expression of the IL-6 signal transducer. gpl3(), was
detected in all cell lines, even in those not transcribing the IL-6

receptor gene itself. This is consistent with previous observations on
the ubiquity of gpl30 expression (8). The ability of nonhematopoietic
tumor cells to transcribe mRNA for receptors of normal hematopoietic
growth factors suggests that the genes encoding those cell surface
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Fig. 1. PCR amplification of genes encoding cytokine receptors. cDNA was prepared
by reverse transcription of total cellular RNA derived from malignant cell lines. The
product was used as template for 25 cycles of PCR amplification with cytokine receptor
gene-specific primers (Table 1). PCR products were size-fractionated on 2% agarose gels,
blotted onto nylon membranes, and hybridized to internal oligonucleotide probes end-
labeled with T4 polynucleotide kinase and |T-'2P|ATP. Right, molecular weights, bp, base

pairs, bp, base pairs.

peptides are among the disregulated genes that may be a marker of or
even possibly causally linked to malignant proliferation. Significantly,
the fact that some malignant cells disregulate the gene encoding a
single receptor subunit, while others disregulate two genes points to
the heterogeneity of tumors, even among those of the same histolÃ³g
ica! type (Table 2) regardless whether the receptor is functional.
Further biological heterogeneity may be introduced by differential
abilities to translate peptide products and assemble them on the cell
surface as structurally and functionally the same receptor as present on
normal hematopoietic cells. This forms the basis of further investiga
tions.4

The sensitivity of PCR amplification could yield false positive
results and thereby overestimate transcription of cytokine receptor
genes. Generation of PCR product is geometrically proportional to the
amount of template available for amplification (39). With the quan
titative technique used in this study, even 1:100 dilutions of the
reverse-transcribed cDNAs serving as PCR template yielded products

detectable at the same level as detected with undiluted cDNA derived
from the hematopoietic cell line serving as positive control. Had there
been a systematic laboratory contaminant of samples actually negative
for the receptor, one might have expected the dilutions to give product
yields of varying intensity in quantitative PCR, depending on their
degree of contamination. Furthermore, simultaneously run side-by-

side negative controls were consistently negative. In fact, a majority of
the simultaneously amplified malignant cell lines studied were nega
tive for transcription of complete two-subunit cytokine receptors in

the very sensitive oligonucleotide probe hybridizations used here,
further arguing against indiscriminate, artifactual amplification. Basal
levels of gene transcription of tissue-specific genes in nonspecific

cells, a phenomenon termed illegitimate transcription, has been dem
onstrated by PCR amplification in a number of genes including
ÃŸ-globin.Factor Ville, aldolase A, and anti-Miillerian hormone (40).

It has not yet been demonstrated if it is a universal phenomenon for all
human genes. Even if true for the genes encoding cytokine receptors,
it is reasonable to assume that as in the case of other tissue-specific

gene, only those transcribed at a significant level may potentially
produce biologically active products. In the case of cytokine receptors,

significant levels are those comparable to those in established cell line
known to be cytokine responsive which we have used as positive
controls.

Cell lines transcribing the complete receptors for either GM-CSF,
- 530 bp IL-3, or IL-6 were examined in medium containing a low concentra

tion of PCS (3%) in the presence of a wide range of concentrations of
cytokines, from 20 to 500 ng/ml, known to stimulate hematopoietic
progenitor cell proliferation in vitro. No proliferative enhancement as
measured by incorporation of [3H]thymidine could be detected at

either 3 or 6 days of culture. In addition, at the lower concentrations
of GM-CSF and IL-3 (20 and 100 ng/ml) decreased in [3H]thymidine

incorporation was seen in cell lines STO and DOZ, so that an anti-
proliferative effect, at least on those two lines, cannot be entirely ruled
out. These findings suggest that the growth factors neither induce
previously nonclonogenic cells to clonal growth nor increase the size
of existing clones. Since the cells themselves produce neither GM-
CSF nor IL-3, as determined both by the absence of gene transcription

(Table 4) as well as by ELISA, the lack of response to exogenous
GM-CSF or IL-3 is not due to occupation of all available cell surface

receptor sites by endogenously produced factors. However, lines STO,
DOZ, ADE, Hep-2, and Detroit do transcribe the IL-6 gene (Table 4).
Despite this, IL-6 activity, as measured by bioassay is absent in 3

(STO, DOZ, and Detroit) of these 5 lines. Since the bioassay requires
intact cytokine, IL-6 gene transcription divorced from elaboration of

the functional peptide product suggests either disregulated translation,
decreased cytoplasmic half-life, or a nonfunctional cytokine. As in
IL-3 and GM-CSF, the absence of IL-6 production militates against

the presence of an autocrine loop as an explanation for the lack of
proliferative effect of exogenously added IL-6 in those lines. How
ever, cell lines ADE and Hep-2 do produce detectable levels of IL-6
and their IL-6 receptor sites may already be occupied by endogenous
cytokine. Conceivably, even small amounts of IL-6 could occupy
sufficient surface receptor sites to block added IL-6 even in cell lines
evidencing IL-6 mRNA transcription but no IL-6 production. How-

Table 3 [-'Hithymidine incorporation by selected malignant cell lines, 10* cells/ml of

which were cultured in 0. 20. 100, and 500 ng/ml of either human recombinanl
GM-CSF, IL-3, or IL-6

Incorporations represent mean cpm Â±SEM of triplicate determinations following 6
days of culture.

4 T. Guillaume et al,, manuscript in preparation.

CelllineSTODOZDESADEHep-2DetroitGM-CSF1,855

Â±453
1,238 Â±83
1,689 Â±242
1,498 Â±10495,929

Â±1,18125,828
Â±3,448

69,057 Â±1,174
106,901Â±4,08575.070

Â±2.044
106,421 Â±3.056
113,433 Â±4,797
90, 155Â±3,5655,482

Â±466
8,978 Â±1,374
8,482 Â±705
6,624 Â±40716,774

Â±431
12,659 Â±682
13,141 Â±108
14,400Â±1,30930,368

Â±1,221
35,720 Â±1,225
39,203 Â±6,238
33,876 Â±5,782IL-3l,219Â±

19
957 Â±27

1,656Â± 103
1,243 Â±10197,556

Â±2,693
43.349 Â±2,297
95,911 Â±2,405
99,249 Â±2.51287,981

Â±13,540
117,698 Â±2.338
110.762 Â±1,483
120,166 +5,9087.397

Â±894
9,162 Â±104
9,109 Â±104
7.494 Â±17617,888

Â±255
16.275 Â±463
18.457 + 581
19,963 Â±1.64642.428

Â±8,135
47,487 Â±5,722
57,645 Â±6,118
48,221 Â±2,274Concentration

IL-6(ng/ml)1.515

Â±152
1,319 Â±87
l,788Â± 194
1,793Â±182113.510Â±764

126.253 Â±2.681
118,358 Â±3,228
146,272Â±2.000100.406

Â±7,922
138,621 Â±2,692
107.408 Â±2,203
63,294 Â±8,4256,576

Â±727
9.652 Â±1,419
6.385 Â±93
9, 133Â±55518,089

Â±3,225
26,812 Â±311
29,779 Â±352
24,643 Â±1,18645.904

Â±4,589
5I,268Â± 1,538
56,484 Â±7,263
45,7 19 Â±2.6570

20
100
5000

20
100
3000

20
100
5000

20
100
5000

20
100
5000

20
100500
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Table 4 Detection of cytokine gene transcription hy PCR amplification of
reverse-transcribed lota! RNA derived from human malignant cell lines

Cell line GM-CSF IL-3 IL-6

STO
DOZ
DES
ADE
Fadu
Hep-2
Detroit 562
AZ382
DU 145
KATOIII
CAKI1
CAKIII
A498

ever, in such a case, a disparity would remain between the strongly
positive results on quantitative PCR determinations of mRNA and
even a putatively low level of IL-6 production, below even detection

by bioassay. Furthermore, the apparent discrepancy between cellular
transcription of message encoding the cytokine receptors (Table 2)
and the absence of proliferation in vitro on addition of cytokines (Ta
ble 3) suggests ineffective receptor peptide assembly despite produc
tion of full-length RNA message. Alternatively, low density of cy

tokine receptor peptides on the tumor cell surface may preclude
effective binding of cytokine, or, even in the presence of adequate
cytokine binding, the cell may lack the appropriate machinery for
signal transduction.

Previous studies of the in vitro proliferative effects of GM-CSF on

tumor cells have not been conclusive. While stimulations of fresh
solid tumor biopsies including those from breast, colon, lung, and
ovarian carcinomas as well as from melanomas have been almost
uniformly negative (13, 14), proliferative responses to GM-CSF have

been reported in established tumor cell lines, although variable re
sults have been recorded between different laboratories at times using
the very same cell lines. That tumors of the same histopathology but
of different sources might give variable results is not altogether sur
prising; malignancies, even of the same cell type, are by their nature
biologically heterogeneous. In addition, heterogeneity of continually
passed cell lines, even from the very same original source, can prob
ably account for a great deal of apparently inconsistent in vitro results.
The advantage of the present report is that cell lines used both in the
cytokine receptor gene transcription study and in the proliferation
assays include lines developed by us which have not undergone con
tinual passage and therefore are more likely to reflect in their
biological activity the original tumors from which they were de
rived.

Studies regarding the in vitro effects of IL-3 on malignant growth
have been less extensive than those for GM-CSF. Evidence exists, in
a limited study, that IL-3 enhances the growth of pancreatic and

gastric carcinoma cell lines and was additive to the stimulatory effect
of GM-CSF (17). Likewise, IL-3 has been found to be stimulatory to

a single colon carcinoma cell (11) and small cell lung carcinoma cell
lines (18). In contrast to GM-CSF, IL-3 has also be found to be

stimulatory in a minority (23%) of primary tumor biopsies in a tumor
cloning assay (15).

Perhaps the most consistent observations have been made with
IL-6. By immunochemical staining, IL-6 has been found to be present

in a wide variety of solid tumors including colon, ovarian, and breast
carcinomas as well as in Kaposi's sarcoma (41), squamous cell car

cinoma, and soft tissue sarcomas (41). However, such staining is
unable to differentiate between endogenously produced tumor IL-6

and mere adhesion of cytokine produced elsewhere. On the other
hand, renal carcinoma cell lines have been shown to both produce and
proliferate in response to IL-6 and demonstrate growth arrest in the

presence of anti-IL6 antibodies (43,44). Expression of both IL-6R and

IL-6 has been demonstrated in prostatic carcinoma (21), and while

ovarian carcinoma cell lines have been seen to have both constitu
tional and inducible production of IL-6 (22, 42), addition of exoge-
neous IL-6 did not affect cell proliferation (45). It is unclear whether
this means IL-6 has no growth effect on the tumor cells or whether
endogenously produced IL-6 already occupied all available receptor
sites. Similarly, elevated levels of IL-6 have been detected in human

hepatic carcinoma cell lines (46).
In the present study, the presence of either an exterior cytokine

paracrine effect or of self-sustaining autocrine loop in those malignant

cells transcribing cytokine receptors is unlikely, given both the lack of
cytokine production by the malignant cell themselves as measured by
either ELISA or bioassay and the absence of proliferative response to
exogeneously administered cytokines in vitro as measured by incor
poration of ('H]thymidine. By design, the proliferative studies were

carried out in flat-bottomed wells to avoid cellular confluence that

might lead to contact inhibition and absence of confluence was as
certained visually. Proliferative studies depend on the cells being in
active growth phase. The concentration of cells (10'Vml or I0*/100-|tl

well), the range of added cytokines (20-500 ng/ml) and the incubation

period (3 and 6 days) are in keeping with previous cellular prolifer
ative studies (10, 16-19). In most other studies, as in the present one,

growth factors were added only at the beginning of the culture period;
only in the study of Dippold et al. (17) were growth factors added
initially and every other day. Here, as in all published reports, con
clusions regarding cellular proliferation are limited to the conditions
used. Even if present, an in vitro stimulatory effect of cytokines on
malignant cells would not necessarily translate into enhanced cell
growth in vivo. Berdel et al. (47) have demonstrated that two malig
nant cell lines respond to exogeneous GM-CSF and IL-3 by enhanced

growth in vitro. However, when xenotransplanted in nude mice, the
two malignant cells lines were not induced by those same growth
factors administered in vivo to the mice hosts. In vitro growth stim
ulation may in general not be easily extrapolatable to in vivo tumors.
Apparent inconsistencies between the two might arise from differing
pharmacokinetics of cytokines in vitro and in vivo. In addition, there
is inherent heterogeneity of in vivo tumors even as compared to in
vitro tumor cell lines, and the same clonogenic subpopulation present

in vitro may not be the one predominating in vivo. Furthermore, apart
from any direct effect of cytokine on malignant cells, growth factors
can independently promote antitumor toxicity in vivo. The systemic
administration of IL-6 in vivo has been shown to mediate reductions

in pulmonary and hepatic mÃ©tastasesin syngeneic murine tumors (48,
49) which appear to be due to in vivo generation of tumor-specific
cytotoxic T-cells at the tumor site. In fact, unlike the other cytokines
studied here, IL-6 has been seen to directly inhibit malignant cells. In
vitro, IL-6 has been shown to suppress the proliferation of human

breast carcinoma and lymphoma cell lines (50).
In vitro experimental evidence gathered to date has suggested the

possibility of in vitm stimulation of at least a subgroup of malignant
cell types by cytokines. Our own findings confirm the ability of a
significant minority of tumor cells to transcribe the genes encoding
cell surface cytokine receptors. However, the lack of in vitro cellular
proliferation to exogenously provided growth factors, together with
the absence of endogenous production of cytokines. suggests that even
though it has the ability to transcribe message for cytokine receptors,
the malignant cell line studied here, derived from a variety histolÃ³g
ica! cell types, lacks the cellular machinery necessary to respond to
growth factors. This in turn suggests that in vivo therapeutic admin
istration of cytokines in patients with solid tumors may entail no any
additional risk of stimulating tumor regrowth.
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