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Letter to the Editor

Correspondence re: Janet H. Ransom, et al. Leukoregulin, a Direct-acting Anticancer Immunological Hormone That
Is Distinct from Lymphotoxin and Interferon. Cancer Res., 45:851-862, 1985.

In an article published in this journal. Ransom et al. (1)
reported biological and biochemical data which they believe
support the existence of a novel antitumor cell lymphokine
which they have named leukoregulin. Leukoregulin was par
tially purified from phytohemagglutinin-induced human pe
ripheral blood mononuclear cells and was defined by its cyto-
lytic and/or cytostatic action against certain target cell lines.
Ransom et al. concluded that leukoregulin is a unique product
of lymphocytes which is directly capable of tumor cell growth
inhibition or lysis but is distinct from well-described factors
such as lymphotoxin, interferon, or macrophage-activating fac
tor. The existence of such a lymphokine with a broad spectrum
of antitumor cell activities would, of course, be extremely
interesting and exciting. However, our research demonstrates
that the leukoregulin activity which has been described is un
likely to be a property of a new lymphokine but instead appears
to result from a synergistic interaction between low levels of 7-
interferon and small amounts of lymphotoxin and/or tumor
necrosis factor which are present in these partially purified
preparations. Similar synergistic effects have been described
previously in the literature (2, 3).

Our procedures for the production and assay of leukoregulin-
containing supernatants were essentially as described by Ran
som et al. Briefly, peripheral blood mononuclear cells were
isolated from buffy coat preparations by Ficoll-Hypaque density
gradient centrifugation and incubated at 2 to 4 x IO6 cells/ml
for 24 to 48 h in serum-free RPMI 1640 containing 5 ng/m\
phytohemagglutinin. These supernatants were then centrifuged
to remove the cells, concentrated 20-60-fold using an Amicon
YM-10 membrane, and dialyzed against phosphate-buffered
saline containing 0.1% polyethylene glycol 6000. Leukoregulin
was assayed by a microassay which involved incubation of the
target cells with serial dilutions of the experimental samples in
microtiter plates for 72 h at 37Â°C.The cells were then stained

with the tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (Sigma Chemical Co., St. Louis,
MO), according to the procedure of Mosmann (4). Units per
ml of activity were recorded as the reciprocal of the dilution
which resulted in a 50% reduction in cell staining compared to
cells incubated in medium alone. This assay will detect both
cytostatic and cytolytic activities. LT1 and TNF activities were

measured on the L929 mouse cell line, using the same protocol
as described above for the leukoregulin assay. IFN antiviral
activity was measured using a cytopathic effect assay with
vesicular stomatitis virus and GM2504 human fibroblasts. Sam
ples of both Â«-and 7-interferons were routinely included as

standards.
One indication that leukoregulin activity might be attribut

able to the bioactivity of other, previously described proteins
arose from antibody inhibition experiments. In these experi
ments, crude, concentrated, cell-free supernatants were treated
with neutralizing antisera against interferons or against TNF
and then assayed for leukoregulin activity on cell lines reported
to be sensitive to leukoregulin. Polyclonal, neutralizing antisera
against rTNF, recombinant Â«,-interferon, and recombinant ÃŸ-

Received 12/12/85; revised 3/25/86; accepted 10/22/86.
1The abbreviations used are: LT, lymphotoxin; TNF, tumor necrosis factor,

IFN, interferon; rTNF, recombinant tumor necrosis factor, HPLC, high perform
ance liquid chromatography.

interferon were produced at Cetus Corporation. A polyclonal
neutralizing antiserum against IFN-7 was purchased from In
terferon Sciences (New Brunswick, NJ), and a monoclonal
neutralizing antiserum against 7-interferon was purchased from
Meloy Laboratories (Springfield, VA). The level of IFN anti
viral activity in the leukoregulin-containing samples was deter
mined and then they were treated for 2 h at 37Â°Cwith an

equivalent or greater number of neutralizing units of anti-IFN-
a, -ÃŸ,or -7 antisera. These samples were then assayed for

leukoregulin and for IFN. Table 1 shows the results obtained
by anti-IFN-7 treatment of concentrated, phytohemagglutinin-
induced supernatants from three different donors. Both the
polyclonal and monoclonal antibodies neutralized, in parallel,
the IFN and leukoregulin activities. The human colon carci
noma cell lines, WIDR and HT29, are described by Ransom et
al. as being very sensitive to leukoregulin. For each individual
preparation, as well as all others tested, the cytostatic/cytolytic
activity measured on WIDR and HT29 cells was found to be
affected by anti-IFN-7 antibodies. Antibodies to other interfer
ons had little or no effect (data not shown). Failure to com
pletely neutralize the IFN-7 resulted in incomplete removal of
the leukoregulin activity as seen when the supernatant from
individual 1 was treated with only 3 x IO3 neutralizing units/
ml. None of the anti-interferon antibody treatments affected
the activities of TNF or LT on L929 cells. The specificity of
the anti-IFN-7 antisera is crucial to their use in these experi
ments. The polyclonal antiserum was made against purified,
native 7-interferon. If leukoregulin was present in the prepara
tions used for immunization, then it is possible that the anti-
serum contains both anti-IFN and anti-leukoregulin activity.
However, all of the anti-leukoregulin effects of this polyclonal
antiserum could also be produced by the monoclonal antiserum.
The specificity of this neutralizing antibody is, by definition,
extremely limited and defined. A formal, but remote, possibility
is that the active sites for both IFN-7 and for leukoregulin bear
the same epitope which is the target of this neutralizing mono
clonal antibody.

Further studies suggested that the activity described as leu
koregulin was not simply due to IFN-7 alone. Addition of high
levels of purified IFN-7 directly to WIDR and HT29 cells,
while producing some cytostatic effects, did not reproduce the
marked effects observed with crude supernatants containing
equivalent amounts of IFN-7. Significantly, the treatment of
crude supernatants with an anti-rTNF antiserum produced a
parallel diminution of the leukoregulin activity and of the tumor
necrosis factor activity on L929 cells. The residual levels of
activity on L929 cells were presumably caused by LT in the
samples. The effect of anti-rTNF antibody treatment suggested
that leukoregulin activity was, at least partially, due to the
presence of TNF. The ability of both a monoclonal anti-7-
interferon antiserum and of an anti-recombinant TNF anti-
serum to neutralize the biological activity of leukoregulin in
our assays indicated a possible synergistic interaction between
these two factors. We therefore tested for such an effect by
combining purified, recombinant TNF or native LT (purified
from RPMI 8866 cells) with IFN-7. The result of such recon
stitution experiments was a dramatic increase in cytostatic/
cytolytic activity on WIDR and HT29 cells, compared to the
effects of the individual reagents. As little as 5 units/ml of
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Table 1 Effects of anti-y-Interferon antibody on leukoregulin activity

SampleIndividual

1Individual

3Individual

4MediumAntibody

treat
ment3

x IO3NU*/ml
poly-clonalIO4

NU/mlmonoclonal3

x IO3NU/mlpolyclonal3

x IO3NU/mlpolyclonal10*

NU/mlmonoclonal3

x IO3NU/mlpolyclonalTiler

(units/ml)"WIDR13583283144833HT29642NT243NTNTNTNTIFN10,000<30100010,000Â£30NT

' Units/ml for the WIDR and HT29 assays represent the reciprocal of the
dilution which caused a 50% reduction in the level of MTT staining. Units/ml
for the IFN antiviral assays are measured relative to a standard -y-mterferon

preparation.
NU, neutralizing units; NT, not tested.

rTNF (or LT) in the presence of 1 unit/ml of IFN-7 produced
a high, leukoregulin-like signal of cytostasis/cytotoxicity on
WIDR and HT29 cells. Neither rTNF, LT, nor HrN-7 alone
produced any evidence of activity on these cell lines at such low
levels.

We have screened many of the cell lines studied by Ransom
et al. for their relative sensitivity to our "leukoregulin" prepa

rations. In addition, we tested the effects of anti-IFN-7 anti
bodies on such activity and searched for evidence of synergy
between IFN-7 and either LT or rTNF. Cell lines such as
HT29, which according to Ransom et al. were sensitive to
leukoregulin, were also sensitive to the "leukoregulin"-contain-

ing supernatants which we produced. This activity was neutral
ized by anti-IFN-7 antibodies and the cells demonstrated a high
level of sensitivity to mixtures of IFN-7 and rTNF but were
resistant to low concentrations of these proteins alone. Cell
lines such as the bladder carcinomas RT4 and T24, reported to
be less sensitive to leukoregulin, were also less sensitive to our
preparations and to the synergistic effects of rTNF and IFN-7.
The lower level of activity measured on these cells was, however,
neutralizable with anti-IFN-7 antibodies. Finally, the bladder
carcinoma cell line SCABER which was reported to be resistant
to leukoregulin was also resistant to the activity in our prepa
rations and to the synergistic effects described above.

To further define leukoregulin activity, we attempted to pu
rify and characterize the macromolecule using the first two
purification steps described by Ransom et al. Fig. IA shows a
DEAE column fractionation of a concentrated crude superna
tant. Lymphotoxic (L929) activity and leukoregulin activity
were partially separated and found to elute at the same molarity
of NaCl described by Ransom et al. We detected two distinct
peaks of IFN activity in this region: one (peaking at fraction
58) was neutralizable by anti-IFN-7 antibody; and another
(peaking at fraction 76) was neutralized by anti-IFN-Â« antibody.
We then tested the effect of anti-IFN-7 antibody treatment on
the leukoregulin activity of each fraction. The results are shown
in Fig. \B. Treatment with 1700 neutralizing units/ml of anti-
IFN-7 antiserum greatly reduced the leukoregulin activity.
Higher concentrations of antibody totally abolished the activity.
Treatment of fraction 58 with 1000 neutralizing units of anti-
rTNF antibody reduced leukoregulin activity by 85%. These
results indicated that leukoregulin activity was created through
a synergy between IFN-7 and lymphotoxic factors such as TNF.

The early eluting leukoregulin peak from the DEAE column
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Fig. I. Biochemical characterization of leukoregulin activity. In I. peripheral
blood mononuclear cells from 20 individual buffy coats were induced separately,
then pooled and concentrated by Amicon YM10 ultrafiltration. The concentrate
was applied to a DEAE-Sepharose column and eluted with a salt gradient at 4*C.
Each fraction was assayed for leukoregulin activity on HT-29 cells and lympho
toxic protein activity on L929 cells. In B. the same DEAE fractions shown in I
were reassayed in the presence of a polyclonal anti-IFN-> antibody. In C, the
early eluting DEAE peak of leukoregulin activity was concentrated by Amicon
YM10 ultrafiltration and fractionated by Bio-Sil TSK-250 molecular sieve HPLC.
Leukoregulin activity was detected by assay on WIDR cells. Ab, antibody; K,
molecular weight in thousands.

was further purified by molecular sieve HPLC as shown in Fig.
1C. The apparent native molecular weight of the activity was
approximately 60,000, in agreement with the molecular sieve
HPLC data of Ransom et al. Additional purification steps, such
as reverse phase HPLC, phenyl-TSK HPLC, or polyacrylamide
gel electrophoresis resulted in large losses of leukoregulin ac
tivity. Ransom et al. also reported a 90% loss of leukoregulin
activity after polyacrylamide gel electrophoresis. We believe
that the apparent loss of leukoregulin activity in each of these
high resolution steps was caused by the separation of IFN
activity from LT and TNF activity, thereby reducing the potent
synergy which exists between these molecules. This conclusion
was confirmed by reconstruction experiments in which sepa
rated IFN and TNF/LT peaks from a phenyl-TSK column were
recombined. This resulted in the regeneration of most of the
leukoregulin activity present in the starting material.

In summary, our experiments show that the biological activity
defined by cytostatic/cytolytic activities on WIDR and HT29
cells and which is termed leukoregulin by Ransom et al. is
probably not the result of a novel protein. Rather, we believe
that the observed leukoregulin activity is a result of the effects
of 7-interferon alone or, more significantly, in a potent synergy
with lymphotoxin and/or tumor necrosis factor. Certainly, we
cannot completely rule out the possibility that a molecular
entity corresponding to leukoregulin does, in fact, exist. How
ever, our data demonstrate that additional assay systems may
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be required to distinguish such a molecule from other cytostatic
factors present in the supernatant obtained from activated,
peripheral blood mononuclear cells. We welcome an exchange
of reagents, preparations, and cell lines with Dr. Ransom et al.
in order to resolve these issues conclusively.

Michael V. Doyle
Kirston Koths
Leah Brindley
Susan Fong
Robert Halenbeck
Departments of Cell Biology and

Protein Chemistry
Cetus Corporation
Emeryville, California 94608

Reply

In the letter by Doyle et al. some very interesting findings
regarding the synergistic activities of interferon and lympho-
toxin for a few human target cells were presented; however,
their conclusion, based on these indirect types of experiments,
that leukoregulin does not exist as a distinct molecular entity,
is invalid for several reasons: (a) there are numerous leukoreg-
ulin-sensitive target cells that are not responsive to interferon
and lymphotoxin; (/>) antibody neutralization experiments of
crude lymphokine preparations which have relatively little or
no leukoregulin activity are inconclusive; and (c) the antibodies
alone used for neutralization were toxic to the target cells
thereby making interpretation of such tests difficult.

In our article published in Cancer Research (1), we concluded
that a unique lymphokine was present in the supernatants of
phytohemagglutinin-stimulated human peripheral blood lym
phocytes based on the biochemical separation of molecules that
inhibited the growth of the human K562 erythroleukemia and
RPMI 2650 nasal carcinoma cell lines, from fractions contain
ing lymphotoxin and interferon. We also reported that different
protease digestions could remove lymphotoxin activity while
not affecting the inhibitory effects on K562 or 2650 cells and
that leukoregulin could sensitize target cells to enhanced natural
killer cell-mediated cytolysis, while lymphotoxin did not display
this effect and interferon had just the opposite effect, that of
decreasing target cell sensitivity.

In addition to the data which was already published we
present the following results to substantiate our contention that
leukoregulin is a distinct immunological hormone. The meth
odology for the experiments described herein is as follows.
Leukoregulin was prepared and assayed as described previously
(1). Recombinant 7-interferon was purchased from Amgen
(Thousand Oaks, CA). Neutralizing murine monoclonal anti
body to 7-interferon was obtained from Interferon Sciences
(New Brunswick, NJ) and contained IO3neutralizing units/ml.
Partially purified lymphotoxin, free of leukoregulin and 7-
interferon activities, was prepared by collection of lymphotoxin-
active fractions during purification of a leukoregulin sample
over DEAE high performance liquid chromatography and gel
filtration chromatography as described (1). Lymphotoxin activ
ity was also measured with a 3-day 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide dye hydrolysis assay (1)
using Â«-L929cells as targets.

We examined the susceptibility of several leukoregulin-sen-
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sitive cell lines to the effects of lymphotoxin and 7-interferon,
either alone or in combination (Table 1). Lymphotoxin alone
did not inhibit the growth of any of the target cells tested.
7-Interferon alone significantly (>20%) inhibited the growth of
only one target, WiDr cells. Two hundred forty units of 7-in
terferon induced a 50% growth inhibition in the WiDr cells.
The RPMI 2650, K562, CEM, and MOLT-4 cell lines were
not affected by mixtures of 7-interferon and lymphotoxin con
taining up to 3600 and 300 units, respectively. The HT-1376,
SW-948, and LN-71 cell lines were moderately sensitive; how
ever, HT-29 and WiDr cells were highly sensitive to the syner
gistic effects of the combined lymphokines, with WiDr cells
being the most dramatically affected. For example, if 3 units of
7-interferon were in a preparation, the presence of 300 units of
lymphotoxin would cause a 50% growth inhibition of HT-29
cells. Conversely, if a preparation contained only 3 units of
lymphotoxin, the presence of 637 units of 7-interferon would
cause a 50% growth inhibition in these cells. The WiDr cells
require only 3 units of lymphotoxin in the presence of 30 units
of interferon to cause a 50% growth inhibition. Therefore, the
use of these two target cells, HT-29 and WiDr, with their
susceptibility to lymphotoxin and 7-interferon, would make
interpretation of growth inhibition assays of lymphokine prep
arations containing these two agents difficult to interpret. How
ever, it does take amounts of these lymphokines well above
detectable limits to cause a 50% growth inhibition of these cells
that would be equivalent to 1 unit of leukoregulin. We have
prepared leukoregulin without detectable lymphotoxin and in
terferon, which inhibits the growth of HT-29 cells. Additionally,
4 of the cell lines were completely refractory to 3600 units of
7-interferon combined with 300 units of lymphotoxin. More
over, we observed no synergism on any of the 9 cell lines tested
with a-interferon (up to 1000 units) in combination with lym
photoxin. The 4 cell lines not sensitive to lymphotoxin and
interferon are highly sensitive to leukoregulin (Table 2).

We further addressed the question of whether HT-29 and
WiDr cells are sensitive to leukoregulin. Doyle et al. concluded
that these cells were not sensitive based on antibody neutrali
zation experiments (Table 1 of the letter of Doyle et al.). We
have performed antibody neutralization experiments as well.
Some of these experiments were performed by Dr. Tom Sayers
(Biological Response Modifiers Program, National Cancer In
stitute) (2). In this study Sayers et al. found that neutralizing
antibody to lymphotoxin, tumor necrosis factor, and natural
killer cell cytotoxic factor did not affect the inhibition by
leukoregulin of the growth of K562 cells. We have also per
formed antibody neutralization experiments of leukoregulin
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