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Abstract—A dye exclusion method was used for testing the sensitivity of primary human
myeloma and normal bone-marrow cells to interferon (IFN). Following 4 days of incubation
with 5000 units/ml of natural (n) IFN-a, there was a >90% decrease in the number of viable
myeloma cells in cultures from some patients, whereas myeloma cells from other patients showed
intermediate or no sensitivity to IFN. The number of viable non-malignant bone-marrow cells
(from the same patients) following a 4-day exposure to nIFN-o (5000 units/ml) decreased by
10-60%. Exposure of malignant and non-malignant bone-marrow cells to natural B- and
recombinant o- and y-IFN, also induced a decrease in the number of viable cells. The decreased
number of viable myeloma cells could be observed already afler 1 day of exposure to IFN-a in
vitro. To test whether inhibition of proliferation could account for the observed effects, prolifer-
ation, as measured by [*H\thymidine uptake, was studied in some experiments. Only approx.
1-2% of the myeloma cells were labeled with [*H)thymidine during the 4 days of culture in
vitro, whereas the proportion of labeled non-malignant cells was approx. 40%. Thus, the IFN-
induced reduction of cell number in normal bone-marrow cells could possibly be attributed to a
cell multiplication inhibitory effect of IFN, whereas the effect observed in myeloma cells cannot be
attributed to cell multiplication inkibition. To test the possibility that the reduction in the number of
myeloma cells could be attributed to the activity of autologous cytotoxic T-cells, NK-cells or
macrophages, these cells were depleted in some experiments. Depletion of these cells did not, however,
influence the IFN-induced decrease in the number of viable myeloma cells. We thus conclude that
1IN can reduce the number of viable tumor cells by a cytotoxic effect, unrelated to cell multiplication

inhibition.

INTRODUCTION
InrerFERONs (IFNs) have the capacity to inhibit
the multiplication of malignant and non-malignant
cells in witro [1, 2]. The direct cell multiplication
inhibitory effect of IFN has been suggested to be

the mechanism by which IFN induces remissions in :

human malignancies [3]. However, in some patients
with  B-cell malignancies, such as myeloma,
remissions have been shown to occur within a few
weeks after initiation of IFN therapy [4]; effects
occur too fast to be explained simply by an inhibition
of the multiplication of tumor cells. Possible expla-
nations for this rapid effect of IFN on malignant
turnors are, for instance, stimulation of an antitumor
immune response by IFN, or an induction of differ-
entiation by IFN. In this paper another possibility
is suggested, based on work using a dyc exclusion
assay [5], namely that IFNs exert antitumor effects
by a direct cytotoxic effect on primary human
myeloma cells.
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MATERIALS AND METHODS

Patients

Bone-marrow samples were obtained from 19
patients with multiple mycloma. Data on these
patients are shown in Table 1.

IEN preparations

The natural a-IFN (na-1FN) was prepared from
Sendai virus induced human Namalwa ceils and
purified by an anti-IFN-antibody affinity system
[6]. The specific activity of this preparation was
2 X 10® units/mg of protein and the purity approx.
90%. Recombinant ay-1IFN (ra-1FN; from Ernst-
Bochringer-Institut fiir Arznemittelforschung) was
derived from E. coli. The specific activity of this
preparation was 3.2 X 10® units/mg of protein and
the purity was >99%. E. coli derived recombinant
IFN-vy (ry-IFN; from Ernst-Boehringer-Institut fiir
Arznemittelforschung) had a specific activity of
2 X 107 units/mg of protein. Natural B-IFN (np-
IFN) was produced from fibroblasts by induction
with poly(I) poly(C). The specific activity of the
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Table 1. Patient data

Patient Age Sex Phenotype Previous Percentage plasma
treatment cells in the
bone marrow
1 75 F IgGk No 69
2 71 F IgAl Chemotherapy 12
3 55 F IgAk Chemotherapy 33
4 76 F IgAl No 10
) 65 M 1gGk Radiotherapy 14
6 69 F IgGk No 31
7 81 M BJl No 75
8 58 F Non-§ No 17
9 69 F IgAl No 35
10 72 M IgAl Chemotherapy 90
i1 65 M BJk No 95
12 64 M BJk Chemotherapy 17
13 51 M IgGk Chemotherapy 22
14 89 M BJk Chemotherapy 33
15 63 M BjI No 30
16 65 M IgAk Chemotherapy 31
17 59 F IgAk Chemotherapy 50
18 62 F IgAt Chemotherapy 35
19 69 M IgGk Chemotherapy 34

partially purified preparation was 1.6 X 10° units/
mg of protein [7]. The antiviral activities of the
preparations were determined by assaying inhi-
bition of the cytopathogenic effect of vesicular
stomatitis virus in human fibroblasts as previously
described [8]. The antiviral dctivities are expressed
in international units by comparison with inter-
national reference preparations.

Preparation and culture of cells

Heparinized bone marrow samples and periph-
eral blood were centrifuged on a layer of Ficoll-
Hypaque [9]. The interphase cells were collected
and washed twice by centrifugation in medium
(RPMI 1640 with 1% vr-glutamine, 10% fetal calf
serum, 50 pg/ml of penicillin and 50 pg/ml of strep-
tomycin). In some experiments monocytes and gra-
nulocytes were depleted by plasticadherence during
30 min as well as by iron powder and a magnet.
High- as well as low-avidity T-cells werc depleted
by E-rosette sedimentation using neuraminidase
treated sheep red blood cells as previously described
[10]. Following counting, 10° cells were added to 5-
ml plastic tubes together with medium with or

without IFN and incubated at 37°C for 1-9 days.

Dye exclusion assay

A dye exclusion assay originally reported by
Weisenthal et al. [5] and later modified by Bird et al.
[11] was used with some additional modifications.
Briefly, a defined number of permanently fixed
duck red blood cells (DRBC) were added to the cell
suspensions after incubation, after which the cells
were stained with 2% fast green and 1% nigrosin
dye solutions; 0.1 ml of both. After 10 min the cells

were cytocentrifuged onto slides at 500 rpm for
10 min after which the slides were air-dried and
fixed in methanol for 20 s. All slides were counter-
stained with May—-Grunwald-Giemsa (MGG) to
enable differentiation between cell types.

Assay interpretation

The DRBSs served as an internal standard in
this assay, minimizing the problems with uneven
distribution of cells on the slides, cell autolysis and
proliferation of cells during incubation, as discussed
by Weisenthal ¢t al. [5]. Live tumor cells as well as
live normal bone marrow cells were calculated in
relation to DRBC in all slides. The number of viable
cells in the cultures with IFN were expressed as a
percentage of the number of viable cells in control
cultures.

Autoradiography

DNA synthesis in the myeloma cells and in the
normal bone-marrow cells was determined by the
following procedure: a suspension of 10° cells/ml
was incubated with 10 pCi [*H]thymidine/ml
medium at 37°C. The incubation time was 1-4
days. Following staining with MGG, autoradiogra-
phy was performed with liquid emulsion technique
using Ilford K2 film. The labeling index was calcu-
lated by counting 500 cells and determining the
percentage of cells containing more than 10 grains
over the nucleus.

Statistical analyses
Statistical significances were evaluated by Stu-
dent’s ¢-test and by linear regression analyses.
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RESULTS

In 19 myeloma patients the number of viable
myeloma cells was tested following exposure to na-
IFN for 4 days. In relation to control cultures, na-
IFN caused a more than 90% decrease in the
number of viable myeloma cells in cultures from
three patients (Table 2). In cells from some patients,
[FN-a had no major effect on the viability of the
myeloma cells, whereas cells from other patients
showed an intermediate sensitivity to IFN (Table
2). In contrast to the results obtained with myeloma
cells, non-malignant cells from none of the patients
exhibited a similar high sensitivity to na-IFN, i.c.
the greatest decrease in viable cells observed was
63% (Table 2). As can be seen in Fig. 1, the
myecloma cells exhibited a more heterogencous pic-
ture in regard to IFN scnsitivity as compared to
non-malignant cells. There was no corrclation
between the IFN sensitivity of non-malignant cells
and the IFN sensitivity of the myeloma cells, for
individual patients.

We studied whether the effects of IFN on the
number of myecloma and non-malignant cells could
be correlated to clinical parameters. There was a
statistically significant correlation between sex and
the sensitivity of the myeloma cells to IFN; cells
from female patients were more sensitive to IFN
than cells from male patients (P < 0.001). Apart
from this, there were no statistically significant
correlations between IFN sensitivity and clinical
parameters such as Ig type, age, previous treatment
and the proportion of plasma cells in the bone
Marrow.

In seven patients with myeloma the effect of
different IFN preparations on the viability of myel-
oma cells and non-malignant cells was tested. In
most patients, ry-IFN had the most pronounced
effect on cell viability (Table 3), whereas IFN-a
(natural as well as recombinant) was the least
efficient in inhibiting the number of viable cells.
The difference between the a-1IFN preparations and
the B- and ¥-IFNs in reducing the number of
myeloma cells was in some cases statistically sig-
nificant (P < 0.01 between ra-IFN and nB-IFN;
P < 0.0]1 between ra-IFN and ry-IFN).

The effect of various concentrations of na-IFN
on the viability of bone marrow cells was tested in
five patients with myeloma. The effect of IFN on
myeloma cell viability was dosc-dependent (Fig. 2).
In some of the patients 0.5 units/ml of na-IFN was
sufficient to cause a reduction in thc number of
viable myeloma cells (Fig. 2). Optimal effects were
seen using 500-5000 IFN-a units/ml. In non-
malignant bone-marrow cells, the reduction in cell
number by IFN-a was also found to be dose-
dependent (Fig. 2).

In two patients, time—kinctic studies were perfor-
med on the influence of na-1FN (5000 units/ml) on
myeloma cell viability. In one of the paticents, no
major effect on cell viability was seen until day 4 of
culture with natural IFN-a (Fig. 3). In thc other
patient, who showed a weaker susceptibility to IFN-
o, a minor decrease in myeloma cell viability was
observed already after 1 day of culture with IFN.

The possibility that IFN reduced the number of
viable myeloma cells by a stimulation of cytotoxic

Table 2. Influence of natural IFN-a (5000 units/ml; 4 days of culture) on the

number of viable malignant and non-malignant cells in bone-marrow from 19

myeloma patients. The data are expressed as a percentage of control cells cultured
in medium only

Patient Percentage viable Percentage viable
myeloma cells non-malignant cells

1 0 48

2 28 90

3 4 67

4 7 58

5 30 65

6 25 92

7 93 42

8 53 40

9 22 37

10 60 N.D.

11 65 N.D.

12 106 73

13 88 N.D.

14 63 83

15 116 88

16 105 76

i7 63 86

18 30 51

19 92 52

Mean * S.E. 55*9 66 * 5




1508
120 -
a
]
100 4
|
. i
= w
2 s0-
E
g [ ]
o [ ]
-
S
. Be '
£ 60 n
o0 n
Ty ]
3 .
o
]
® 40 i
S W C
]
20 4
»
[ ]
0 . —r

0.0 Myeloma cells Non-Malignant cells

Fig. 1. Percentage viable cells following incubation in the absence or
presence of na-IFN (5000 units/ml) for 4 days B denotes different
patients.

monocytes or lymphocytes, active against the auto-
logous myeloma cells was tested by’ depletion of
monocytes, granulocytes as well as high- and low-
avidity T-cells from the bone-marrow preparations.
Depletion of these cells from the preparations did
not abrogate the IFN-induced decrease in the num-
ber of viable myeloma cells, which indicates that
IFN acts by a direct effect on the myeloma cells
(Table 4).

By the use of autoradiography, the number of
myeloma cells and non-malignant cells labeled with
[®H]thymidine during a 4-day culture without IFN
was determined in bone marrow cultures from some
of the patients. Only 1-2% of the myeloma cells
were labeled with [*H]thymidine during the culture
period. During the same time-period na-IFN caused
a reduction in myeloma cell number by up to 40%
in cultures from these patients. During the same
period of time, approx. 40% of the non-malignant
cells entered S-phase, whereas na-IFN caused a
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reduction in the number of viable non-malignant
cells by 12-24% during four days of culture in vitro.

DISCUSSION

IFN has previously been shown to inhibit the
multiplication of normal and malignant cells in vitro
[1, 2]. In some highly IFN-sensitive cell-lines, such
as L1210, the cells have been shown to die after a
period of culture in vitro [12]. In the casc of L1210
this effect has, however, been shown to be sccondary
to the slowing in the multiplication ratc of the cells
[13]. In this work we show that IFN in vitro can
reduce the number of viable primary myeloma cells.
This is not due to an inhibition of cell multiplication,
since only a few per cent of the cells are labeled with
[®H]thymidine, indicating DNA synthesis, during
the period of in vitro culture. The possibility that
IFN reduced the number of viable tumor cells
indirectly, by an effect on immunologically active
cells, is not likely, since depletion of monocytes,
granulocytes and T-cells did not influence this [FN
cffect. We thus conclude that IFN can have a direct
cytotoxic effect on myeloma cells at concentrations
that are regularly obtained in the scrum during IFN
therapy [3]. A direct cytotoxic effect of IFN on
malignant cells has previously been shown in estab-
lished cell lines [14].

In contrast to the results obtained with mycloma
cells, IFN usually caused only minor decrcases in
the number of non-malignant bone-marrow cells
(Table 2). Approximately 40% of non-malignant
bone marrow cells were found to be labeled with
[*H}thymidine during 4 days of culturc in vitro.
Thus, possibly the reduction in the number of viable
normal bone-marrow cells could be explained by a
cell multiplication inhibitory effect of IFN. Whether
the cytotoxic effect of IFN is exclusive for myeloma
cells or whether also other malignant cells are
susceptible to this effect of IFN is presently being
investigated.

a-, B- and v-IFN differed in their capacity to
reduce the number of viable myeloma cells; - and
¥-IFN are more efficient than «-IFN on a per

Table 3. Influence of various IFNs (500 units/ml) on the number of viable malignant and non-malignant ceils from seven myeloma

patients
Patient Percentage viable malignant cells Percentage viable non-malignant cells
na-IFN ra-IFN nf3-1FN ry-IFN na-IFN ra-1FN nB-IFN ry-IFN

Myeloma

1 10 35 5 40 93 135 68 76

4 19 47 24 17 63 86 86 16

5 20 28 20 12 61 76 66 93

6 28 32 22 12 70 86 62 42

7 84 91 84 83 76 89 71 49

8 81 61 49 23 74 48 73 38

9 58 45 24 15 62 51 45 21
Mean * S.E. 43 £ 12 48 = 8 3310 29 = 10 71 x4 82 x 11 67 £5 329
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Fig. 2. Influence of various natural IFN-o concentrations on the number of viable myeloma and non-malignant bone-marrow cells.
The lines denote different patients.

antiviral unit basis. As is well known, it is difficult
to compare the activity of different IFNs on a per
antiviral unit basis. Studies are therefore in process
to evaluate whether different a-IFN subtypes differ
in this function.

How does IFN cause a reduction in the number
of viable myeloma cells? One possible explanation
could be that IFN induces terminal differentiation
of the myeloma cells, a terminal differentiation
ultimately leading to the death of the affected cells.
IFN has previously been shown to induce differen-
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Fig. 3. Time-course study on the influence of natural IFN-o (5000
units/ml) on the number of viable myeloma cells. The lines denote two
different patients.

Table 4. Influence of natural IFN-a (5000 units/ml) on the
number of viable myeloma cells. Tests were done on separated cells
and cells depleted of monocytes, granulocytes and T-cells

Patient Percentage viable
malignant cells
Unseparated Separated
13 88 19
14 63 63

tiation in malignant B-cells from patients with CLL
in vitro [15, 16]. Another possibility is that IFN acts
by influencing the expression of genes that are of
importance for the viability of the malignant cells.
IFN has been shown to influence the expression of
a variety of genes [17] and amongst them, several
oncogenes [18, 19].

Cells from different patients vary in their suscepti-
bility to IFN (Table 2). In our relatively small
material we found a closc correlation between sex
and the sensitivity of the myeloma cells to IFN;
cells from female patients being more sensitive than
cells from male patients (P < 0.001). Whether or
not this holds true in a larger material is presently
being investigated. A variability in the in vitro sensi-
tivity to IFN has also been shown for primary
myeloma cells using an agar-colony assay and an
autoradiographic method measuring inhibition of
*H uptake [20]. In the latter study a corrclation
between in vitro sensitivity and the clinical response
to IFN-a therapy was found. Whether the observed
reduction in colony formation was due to the cell
multiplication inhibitory effects of IFN, or whether
it was due to the direct cytotoxic effect of IFN is not
known.

A major drawback in optimizing IFN therapy is
that we do not know how IFN exerts antitumor
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effects. Several different mechanisms have been
suggested to explain how IFN caninduce remissions
in tumors. Apart from indirect effects mediated by,
for instance, the immune system, stromal cells or
endocrine organs, [FN may act by direct effects,
such as cell multiplication inhibition or induction
of differentiation..Based on the results obtained in
this work, we now suggest that IFN may also act
by another mechanism, namely a direct cytotoxic
effect on the tumor cells. Whether or not this is a

S. Einhorn et al.

means by which IFN induces remissions in multiple
myeloma and/or in other malignancies, can only be
speculated on.
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