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Summary.-Previous studies have shown that normal as well as neoplastic B-cell
lines vary substantially in their response to the antiproliferative effects of human
interferon (HIF). In this study we took advantage of a recent method to generate
long-term continuous normal T-cell cultures (CTC) to investigate the effects of HIF
on proliferating lymphoid cells. Normal CTC proved to be resistant to inhibition of
proliferation; up to 1000 u HIF had little effect on [3H] TdR uptake, and up to 2000 u
HIF had little effect on cell-cycle progression, measured by flow cytometry. Pro-
liferating normal B cells were also resistant to the antiproliferative effect. Nor did
up to 500 u HIF inhibit RNA synthesis or immunoglobulin biosynthesis of normal
B cells. In contrast, a neoplastic myeloma B cell, a Burkitt's lymphoma cell and a
neoplastic leukaemic T cell showed marked inhibition of [3H] TdR uptake and cell
cycle progression with as little as 5 u HIF. These results suggest that amounts of
HIF sufficient to inhibit proliferation of some neoplastic lymphoid cells have little
effect on T- and B-cell proliferation and differentiation of normal B lymphocytes.

PREVIOUS studies have shown that
certain normal and neoplastic B-cell lines
are susceptible to the antiproliferative
effect of human interferon (HIF) (Einhorn
& Strander, 1978). This variation in
sensitivity may be due to a combination
of the antiviral as well as the antipro-
liferative effect of IF and to the variable
amount of IF receptors, since most B-cell
lines have the Epstein-Barr Virus (EBV)
genome. Certain neoplastic T-cell lines are
sensitive to HIF, though there is usually
no detectable EBV genome. In contrast to
B-cell lines, until recently there were no
normal T-cell lines available for com-
parison. Recently, however, studies have
demonstrated that normal human T cells
can be kept in continuous culture for over
a year using a growth factor from mitogen-
stimulated lymphocyte cultures (Rusceti
et al., 1977). In this investigation, HIF-
treated normal and neoplastic proliferating
T- and B-cell lines as well as stimulated
huiman peripheral lymphocytes were ex-

amined for changes in proliferation, cell-
cycle progression and function.

MATERIALS AND MIETHODS

Nornal T- and B-cell cultures.-Continuous
T-cell cultures were prepared as previously
described (Rusceti et al., 1977). Briefly,
heparinized whole blood was obtained from
normal donors and mononuclear cell suspen-
sions were isolated by Ficoll-Hypaque
(BoyuLm, 1968). The cells were washed twice
and resuspended in RPMI 1640 medium
(GIBCO, Grand Island, N.Y.) containing 20%
heat-inactivated foetal calf serum (FCS)
(Reheis Chemical Co., Phoenix, Arizona),
glutamine, penicillin and streptomycin. The
cultures (5 x 106 cells/ml) were then incubated
at 37°C in a 500 CO2 humidified atmosphere.
The cultures were supplemented with 20%
concentrated conditioned medium (CM) to
induce continuous growth (Rusceti et al.,
1977; Bonnard et al., 1978). The CM was pre-
pared from normal human lymphocytes from
a single donor by incubating the cultures for
24-72 h at 37°C in 50% CO2 humidified



A. M. ATTALLAH ET AL.

atmosphere, dialysed against PBS overnight
at 40C, then filter-sterilized and kept at
-70°C until use (Rusceti et al., 1977). The
normal B-cell line used in these experiments
was RPMI 1788, an IgM-secreting B-cell line
that was derived from an apparently normal
male (Moore et al., 1969); this cell line does
not carry the EBV genome.
Pokeweed mitogen (PWM) stimulated lymn-

phocytes. Mononuclear cells were separated
from heparinized venous blood obtained from
normal adult donors by Ficoll-Hypaque
density centrifugation (Boyum, 1968). Cells
were resuspended in RPMI 1640 medium
(GIBCO, Grand Island, N.Y.) and 10% human
AB serum. Cultures were stimulated with the
polyclonal activator PWM in a concentration
range from 1/50 to 1/1000 final dilution. At
6 days' culture, cell suspensions were har-
vested and DNA histograms wNere obtained
using flow cytometry.

Neoplastic human T and B cells. Molt 4 is
an established cell line w,ith T-cell character-
istics derived from the peripheral blood of a
patient during a relapse of acute lympho-
blastic leukaemia (ALL) (Minowada et al.,
1972). RPMI 8226 is an established cell line
derived from a patient with multiple myel-
oma, that has B-cell characteristics and
secretes Ig light chains (Matsuoka et al., 1967).
Daudi is a Burkitt's lymphoma cell line. All
neoplastic cell lines were cultured in RPMI
1640 medium containing 20%1heat-inacti-
vated FCS, glutamine and 100 u/ml each of
penicillin and streptomycin.
DNA and PNA synthesis.-Triplicate cul-

tures were prepared containing 2 x 105 cells in
a final volume of 200 ,ul and incubated in
microculture plates (Linbro, New Haven, CT)
at 37°C in a 500 CO2 humidified atmosphere.
Where indicated, HIF was diluted in 20 Iu
medium and added at the beginning of the
culture. Eighteen hours before harvesting,
each culture received 1 MCi of methyl-3H-
thymidine ([3H]-TdR) or 3H-uridine
(Schwarz/Mann, Orangeburg, N.Y.) in 20 Iu
of medium. Cells were harvested with a
multiple automated sample harvester. The
mean uptake of [3H]-TdR or 3Huridine writh
standard error were calculated. The percent
inhibition was calculated by the formula:

mean ct/min of cultures containing
HIF + medium

mean ct/mmn of cultures
containing medium

Immunoglobulin biosynthesis in vitro.-
2 x 106 lymphocytes from normal volunteers
were cultured in the presence of PWM for 12
days. This lectin is knowAn to induce poly-
clonal Ig production in vitro (WAu et al., 1973).
The techniques used for Ig measurement have
been described in detail elsew-here (Waldmann
et al., 1974). The cumulative secretion of
1gM, IgG and IgA was determined by double-
antibody radioimmunoassays essentially as
previously described for IgE (Waldmann et
al., 1972). RPMI 1788 cells were cultured for
3 days under standard culture conditions and
IgM was determined as above.
Flow cytometry (FCM).-2 x 105 cells in 0-2

RPMI 1640 medium wtere added to 1 ml of
staining solution consisting of 0-1% sodium
citrate, 50 ,ug/ml propidium iodide, 10mM
NaCl and 0.1°0 Nonidet-P40 (Vindelov,
1977). After allowing the stained cells to
equilibrate for 10 min at 0°C, they were
analysed for cellular fluorescence on a Cyto-
fluorograph Model FC-200 (Ortho Instru-
ments, Westwood, Mass.). In this instrument,
individual cells are illuminated by a 50mW
argon laser (488 nm); the fluorescence signal
of each cell is amplified and fed into a pulse-
height analyser (Ortho Instruments Model
2102) to generate a DNA histogram. Each
histogram wsras analysed for the percentage of
cells in S + G2 +M phase as previously
described (Attallah et al., 1979b). Briefly, the
number of cells that were visually judged to
lie outside the G1 peak were divided by the
total number of cells in the histogram. For
consistency, the same channel numbers of the
cells outside the G1 peak in control cultures
were used to determine the numbers of cells
outside the G1 peak in experimental cultures.

Interferon.-Human lymphoblastoid inter-
feron was derived from lymphoblastoid
NAMALWA cells w,vith specific activity 1-25 x
105 reference units/mg, a gift from Welleome
Research Laboratories. England (Attallah et
al., 1979a).

RESULTS

Effect of HIF on T cells
Table I shows a representative experi-

ment on the effects of IF on [3H]-TdR
uptake in a normal T-cell culture and
leukaemic T (Molt) cells. Up to 1000 u/
HIF/culture caused 0 to 17% inhibition
of proliferation in the normal T-cell cul-
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TABLE I. Effect ofhuman interj
on the utptake of [3H]-TdR
human T cells and acute I
leukaenmia (ALL) T cells

Normal lhumaii T cell

HI F u/eulture

125
250

50()
1

Hu1man ALL (T) ee

5

5(0
5((

[3H]-T(IR
(*et/miI1. + S.C.)
:36185+ 1591
36344 + 504
29926 2062
:12803 + 565
:30659) + 2149

56385 + :3046
22203+ 1099
15075 + 781
10921 + 171

tuire; in contrast, 5 uL HIF/cult
6100 inhibition in the leukaemi
higher concentrations of 50 a

culture caused 7300 and 81%
A

C

Fia. 1.- )NA histograms of cont
grown normnal lhuman T1 cells incuba
varying amotits of HIF. In each hi

the large peak to the left represe

in G1, the smaller peak to the riglht re
cells in G2 +±M wlile cells in betwei
S. A control, B 125 ii, C 250 u, I

E 1000 tu, F 2000 u.

feron (HIF) respectively. Also, 100 u/culture reduced
in normal the number of MOLT cells by 500o (data
rymphocytic not shown).

This lack of inhibition by HIF on
normal T-cells was confirmed by FCAI
analysis. Fig. shows DNA histograms of

00 Iniihlbition the normal T-cell culture with varying
concentrations of 1IIF. The large peak to

0 the left in each histogram represents cells
() in GI, whilst the smaller peak to the right

l) represents cells in G2; with cells in S phase
falling between the two peaks. The histo-
grams are essentially identical, suggesting

61 that HIF had little effect on cell-cycle
73 progression. Table II shows that the per-
81 centage of cells in S+G2+M (i.e. the pro-

tire caused liferating fraction) changed very little
c cells, and with increasing doses of HIF, again con-
,nd 500 it/ firming the results of the TdR uptake
inhibition study. In contrast, Fig. 2 shows a DNA

histogram of Molt cells treated with 250 u

B HIF. Here there is a reduction in the
nuimber of S-phase cells.

TABLE II. Effect of HIF on continuously
groun normal human T cells usiny flow

1

- IUUI

i1nuously
1te(l wvith
istogram
,nts eells
.presents
en are InI

D 500 U,

cytometry

HIF
ti/cultture

125
250

500
1000
2000

Total cells
counted
55911
49544
49107
50205
43681
45000

Cells in

SS+G2+A1
16756
14666
14321
14383
21065
1 2?22 1

o/
/O

:30
29-6

292

28-6
27-6
27 2

FIo. 2. I)NA histograms of MOLT without
HIFx (left) andl vsith 250 u1 interferonl (righlt).
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FIG. 3. DNA synitlhesis as measured by [3H]-TdR inco'lpoiation (upper paInel) an(i RNA synthesis
as measure(t by 3H-uriline incorporation (lo-wer parnel) of a normal B-cell line (A) and(I a neoplastie
cell line (B). - - -, no IF; *, lhtumani 1F; O, mouise.

Effect of HIF on B cells
Fig. 3 shows the effect of HIF on DNA

and RNA synthesis in normal and neo-
plastic B cells. In these studies, mouse IF
(a generous gift from Dr K. Pauker, see
Ogburn et al., 1973) was also used to show
species-specific effects. As seen, human IF
or mouse IF had little effect on RNA
synthesis in either cell line. HIF had

minimal effect on DNA synthesis in the
normal B-cell line, whilst as little as 5

HIF decreased DNA synthesis in the neo-
plastic line by 500o. Whilst the mouse
IF caused a slight decrease in the normal
B-cell line, it showed some enhancement
of DNA synthesis at 5 and 50 u in the
neoplastic cell line. Although this low-dose
enhancement with mouse IF was seen in
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FiG. 4. DNA histograms of Burkitt's lym-
plhoma B cell (D)audi) without interferon
(left) and with 1 u lhuman interferon (riglht).
There is a reducttion of the percentage of
cells in S+G2+M afteI HHIF.

other experiments, it was not significant.
Fig. 4 shows that 1 u of HIF caused a 40%0
reduction in the S+G2+M phase of the
HIF-sensitive Burkitt's lymphoma B cell,
Daudi.
To further substantiate lack of effect in

normal B cells we examined the effect of
HIF on PWM-stimulated lymphocytes by
FCM analysis; PWM is known to act as an
activator of normal B cells (Wu et al.,
1973). As shown in Table III in 2 separate
experiments 500 u of HIF had no effect on
00AS + (G2 +M of stimulated lymphocytes.
The decrease in 0 S±+ 2+M of the un-
stimulated cells remains to be explained.

Im munoglobulin biosynthesis
Since DNA but not RNA synthesis was

affected by HIF we evaluated the effect of

TABLE III. The effect of HIF on pokeweed
niitogen (PIWM) stimulated lymphocytes
measured by flow cytometry

HI4F
Exp. PXVIN (500u/cuilture)

+

_+

+_

+ +

% S+G2+M1
5 78 + 1 68
2-54 + 1 08
18-15 + 3-46
1892+0-27
4 71 +0-52
1-44 + 0 27

20)86 + 2 2
19-14+0067

TABLE IV. IgM biosynthesis by huntan
established cell line incubated with human
interferon for 3 days in vitro

HIF
(tu/culture)

0
0*5
5

50
500

50()0

1gAM
(ng/mi)
7591
8490
8558
7512
7486
7804

TABLE V. Normal haman lymphocytes
(2 x 106 cells/culture) stimulated with
PWVM and incubated with various con-
centrations of human interferon

HIF
(ui/culture)

(.5(X5

50
50(

50((

IgAl
3636
4046
3486
4428
'982
2233

rig/lm
IgG
1193
1680
1339
14:35
1014
1134

IgA
2572
4374
2198
2953
2488
1533

HIF on protein synthesis as reflected by
Ig biosynthesis. As shown in Table IV,
IgM biosynthesis by the B-cell line 1788
was unchanged in culture containing up
to 500 u of HIF/culture; at a dose of 5000
u/culture, IgM biosynthesis was reduced
from 7591 to 4078. As shown in Table V
PWM-stimulated peripheral lymphocytes
showed virtually no change in IgM, IgG or
IgA biosynthesis with up to 500 u RIF/
culture; at 5000 u/culture IgM and IgA
synthesis was reduced while IgG synthesis
was unchanged.

DISCUSSION

Lymphocytes are normally quiescent in
the peripheral blood; they proliferate and
secrete immunological molecules such as
lymphokines or immunoglobulins in re-
sponse to a stimulus. In contrast, neo-
plastic lymphoid cells proliferate without
apparent stimulus and usually are func-
tionally aberrant. In view of these different
cellular characteristics, we evaluated the
effect of HIF on normal and neoplastic
lymphoid proliferation and function. Until
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recently, normal T cells could not be
propagated in long-term culture and, thus,
the effect ofHIF on proliferation ofnormal
T cells in continuous culture could not be
measured readily. Using a recently de-
scribed method for generating continu-
ously proliferating T cells we found that
HIF had little effect on either [3H]-TdR
uptake or cell-cycle progression of the
normal cultured T cells. These results
contrast with other studies in which HIF
inhibited proliferation of PHA-stimulated
T cells in short-term culture (Lindahl-
Magnusson et al., 1972). The difference in
response might be due to HIF affecting
only those T cells that respond to PHA,
and not those that respond to T-cell growth
factor. The normal proliferating B-cell line
showed no inhibition of [3H]-TdR uptake
or cell-cycle progression; RNA synthesis
was also unaffected. There was little or no
suppression of total Ig globulin production
by PWM-stimulated lymphocytes and
1788 B-cell line by HIF at doses up to
500 u/culture. However, 5000 u/culture
did result in decreased Ig production by
both PWM-stimulated lymphocytes and
the B-cell line. In contrast, other studies
have shown that the plaque-forming cell
response to sheep red blood cell (SRBC)
by mouse spleen was reduced by lower
doses of mouse IF (Brodeur & Merigan,
1974). The differences in sensitivity may
reflect the different assay systems used,
since we measured total cumulative Ig
production over the entire culture period,
whereas plaque assays examine antibody
production at a certain time. In support
of this we have preliminary data showing
suppressive effects of 500 u HIF/culture
on Ig production of PWM-stimulated
human lymphocytes using a reverse
haemolytic plaque assay (Fleisher et al.,
in preparation). Alternatively, our results
may simply reflect a species difference in
response to IF. In addition, PWM is a
polyclonal stimulator whereas SRBC are
a T-dependent antigen; the lesser inhibi-
tion seen may reflect a difference in sensi-
tivity between polyclonal induction of
antibody production and antigen-specific

induction. Other studies have shown that
HIF did not decrease serum IgG, IgA and
IgM in a patient with Hodgkin's disease
(Blomgren et al., 1976); response to PWM
and other mitogens was increased.
The experiments with neoplastic cell

lines demonstrate that HIF inhibited
[3H]-TdR uptake in the ALL T and
myeloma B-cell lines. FCM analysis of the
Burkitt's lymphoma B-cell line (Daudi)
after incubation with 1 u HIF, demon-
strated reduction of the proliferative
fraction (S + G2+M). This neoplastic cell
line appears to be particularly sensitive to
HIF. Previous autoradiography has shown
that mouse IF inhibits the progression of
3T3 mouse fibroblast (Sokawa et al., 1977).
Thus, the inhibition of proliferation in
these neoplastic cell lines may result from
cell-cycle perturbation rather than an
actual decrease in DNA synthetic activity.

Thus, HIF demonstrates selective
effects with inhibition of the proliferation
of some neoplastic lymphoid cells, but
little effect on normal T and B cells. It has
been previously shown, however, that
certain other cell lines are insensitive to
HIF (Einhorn & Strander, 1978). The
selectivity is reminiscent of the specific
inhibition of lymphocyte proliferation
shown by lymphocyte chalone (Attallah,
1979); HIF, however, shows many other
effects which make it attractive as a
potential antineoplastic agent. Conven-
tional chemotherapeutic agents are often
cytotoxic to normal as well as neoplastic
cells. Since doses of HIF that markedly
inhibit DNA synthesis in neoplastic
lymphoid cells had little effect on normal
lymphoid cells, HIF might prove to be a
much more selective agent in vivo. Addi-
tionally, the known antiviral activity of
HIF in vitro and in vivo (Baron & Diazani,
1978) might prevent opportunistic viral
diseases such as herpes zoster that often
accompany malignancy. Finally, HIF has
been reported to exert other effects
besides cell-growth inhibition which might
further augment the clinical usefulness of
HIF. We and others have recently shown
that antibody-dependent cell-mediated
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cytotoxicity and natural killer cytotoxicity
is markedly augmented by HIF (Attallah
& Folks, 1979; Heberman et al., 1979).
These cell-mediated immune responses are
thought to play some role in tumour re-
jection; thus, HIF might not only slow
down tumour growth but might also acti-
vate and enhance immune rejection mech-
anisms in the host. HIF also increases
tumour-associated antigen expression on
tumour cells (Attallah et al., 1979a) and
HLA antigen on normal lymphocytes
(Attallah & Strong, 1979) which could also
facilitate the interaction between host
immune cells and neoplastic cells.
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