the duplication time was less than 16
hours; growth rates have not yet been
equally rapid in continuous culture,
but the success of the growth apparatus
already indicates that it may have
broad applications for the culturing of
rapidly growing suspensions of plant
cells.
R. A. MILLER, J. P. SHYLUK

O. L. GaMBORG, J. W. KIRKPATRICK
Prairie Regional Laboratory,
National Research Council of
Canada, Saskatoon, Saskatchewan
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Interferon: Production by Chick Erythrocytes

Activated by Cell Fusion

Abstract. In the presence of Sendai virus inactivated with ultraviolet light,
nucleated chick erythrocytes can be fused with several types of human cells to
form heterokaryons. Although chick erythrocytes alone cannot be stimulated by
Sendai virus to produce interferon, fusion with a human cell (AH-1) which itself
may produce human interferon results in heterokaryons in which the erythrocyte
genome is activated and chick interferon is produced. When nucleated chick
erythrocytes are fused with another type of human cell (HeLa clone S-3) which
does not produce human interferon when stimulated, no chick interferon is
detectable, despite morphologic changes suggestive of activation of the erythro-

cyte nuclei.

Much interest has developed in both
spontaneously forming (/) and virus-
induced cell fusion (2). The fused cells,
which carry all or part of the genetic
information of two separate cell types,
have been used to study the genetic
dominance of certain characteristics of
tumor cells (3, 4), to attempt to localize

specific cell functions (for example, syn-
thesis of thymidine kinase) to specific
human chromosomes (5), to induce
replication of noninfective “integrated”
virus (6), and to examine mechanisms
of genetic regulation (7, 8). Harris and
co-workers have demonstrated that the
dormant nucleus of a chicken erythro-

Table 1. Monolayers of either chick or human cells were exposed to dilutions (1:3) of the
test medium or to control medium (199 and 20 percent serum) overnight at 37°C. Then the
cells were washed five times, and a high multiplicity of SFV (approximately 10°) was added
and grown for one growth cycle (6 to 8 hours). Tenfold dilutions of these vials were assayed
for plaque formation on fresh chick embryo fibroblasts. Results are given as average virus
single growth cycle titers and growth as percentage of control. (Control, no exposure to inter-
feron.) All assays were done in duplicate. In the columns labeled Interferon, -+ indicates its

presence; — indicates its absence.
Fluids titered on
Chick cells Human cells
Group Cells Con Con-
et pEU/ml tol M PRU/MI ol
eron (%) e (%)
1 Chick RBC — 27.5 X 107 98
1 Control 28 X 107 —
2 Chick RBC + HeLa — 7.8 X 107 102 18.2 x 10¢ 103
2 Control 7.5 X 107 —_ 17.5 % 10°
3 Chick WBC -+ HeLa -+ 7.2 X 107 38 6 X 107 104
3 Control 19.2 x 107 -+ 5.5 x 107
4 Chick RBC + AH-1 11.8 x 107 47 3.8 x 107 43
4 Control 25 x 107 9 x 107
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cyte becomes activated when transferred
into the cytoplasm of certain other cells.
Their criteria for activation were mor-
phologic changes and increased turn-
over of nuclear DNA and RNA as
indicated by autoradiographic tech-
niques (7).

We have examined the production
of a specific cell protein, interferon,
by heterokaryons containing nuclei
from both human epithelial cells and
chick erythrocytes. To do so, we took
advantage of interferon’s species speci-
ficity and the exquisite sensitivity of
the interferon assay.

Sendai virus inactivated with ultra-
violet light was used in our experi-
ments to induce heterokaryons from
circulating chicken erythrocytes and
cells of human origin [HeLa clone S-3
and AH-1, a line derived from normal
human epithelium (9) ]. This technique
has been described in detail by Harris
).

Mixtures containing 5 X 106 human
cells and 108 chicken erythrocytes
(RBC’s) per milliliter were exposed to
20,000 to 30,000 hemagglutinating units
of inactivated Sendai virus. Chicken
white cells (WBC) were removed from
the RBC’s by repeated centrifugation
and removal of the top one-third of
the cell pack. After fusion, the cell
mixture was placed in a tissue-culture
flask with medium 199 and fetal calf
serum (20 percent) and incubated at
36.5°C for 24 hours. At this time the
fluids were removed and dialyzed at pH
2 overnight against 20 to 40 volumes
at 4°C. This treatment destroys all in-
fectious Sendai virus. The fluids were
then brought back to pH 7 before as-
say. Interferon activity was assayed by
its effect on the single-cycle growth
of Semliki Forest Virus (SFV) tested
in either chicken (primary embryonic
fibroblasts) or human (AH-1) cells. Af-
ter exposure of the cells to the solu-
tions containing interferon for 12 to 15
hours, the cell sheets were washed five
times before addition of the challenge
virus. Details of the assay have been
described previously (/0). In a few early
experiments the heterokaryons were al-
lowed to grow for 4 to 5 days after
fusion, with daily medium changes, and
then given a second virus stimulus (this
time with SFV at 10 to 10% infectious
virus particles per cell). Assays for in-
terferon following this second stimulus
were not quantitatively different from
assays on the initial supernatant in
which fusion took place.

Fusion of the erythrocyte nucleus
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Fig. 1 (top). Chick RBC-HeLa cell hetero-
karyon 24 hours after virus-induced fusion.
Arrow indicates chick nucleus in cyto-
plasm of HeLa cell. Nonfused erythrocyte
nuclei are smaller and pyknotic (hema-
toxylin and eosin, X690). (bottom) Chick
RBC-AH-1 cell heterokaryon 24 hours
after fusion (hematoxylin and eosin, X
690).

with both human cell types resulted
in enlargement of the RBC nucleus and
dispersion of the chromatin material
(Fig. 1). These changes are similar to
the process described by Harris (8).
There were no apparent morphologic
differences between the activated RBC
nuclei in the two cell lines.

Table 1 summarizes the results of
assays for interferon activity after fusion
of chick erythrocytes with both lines

100
7

50 =

@—8® Helo REC fusion
B—8 4H -/ RBC fusion

VIRUS GROWTH AS % OF CONTROL

1 1 1 J
o .3 5 7 1.0
LOG INTERFERON DILUTION

Fig. 2. Semilogarithmic curves of growth
as a function of dose for chick interferon
activity present in supernatants after fusion
of chick erythrocytes with either HeLa
cells (4) or AH-1 cells (B).
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of human cells. Neither Sendai-treated
erythrocytes alone (group 1) nor any
combination of RBC’s and HeLa cells
(group 2) inhibited virus growth when
tested in either the chicken or human
assay system. In groups 2 and 4 great
care was taken to remove all buffy-coat
cells before fusion. In group 3 buffy-
coat cells were intentionally included
in the cell fusion mixture, and in the
tissue culture flask there were RBC-
HeLa heterokaryons and WBC-HelLa
heterokaryons as well as single cells
of each type. Virus growth was in-
hibited in chick cell-monolayers tested
with fluids from this experiment, but,
as before, there was no evidence of
the production of human interferon.
Thus neither interferon production by
chicken buffy-coat cells nor the assay
system used was blocked by contact
with the HeLa cells or any product
of the fusion mixture.

In the erythrocyte—AH-1 fusion
(group 4) there was evidence that both
chicken and human interferon were
present in the supernatant. Although the
interferon titer was low, the expected
relation of dose and response was found
(Fig. 2). The fluid from this experi-
ment was tested in an assay with pri-
mary mouse fibroblasts, and no inter-
ference with virus growth was found.
Also, the chick interferon was stable
to incubation at 60°C for 30 minutes
and was not sedimented by centrifuga-
tion at 200,000¢ for 30 minutes. In-
cubation of the active fluid with trypsin
resulted in partial (approximately 50
percent) loss of activity. High concen-
trations of serum are known to inter-
fere with complete inactivation of inter-
feron by trypsin. The low titers of
interferon prevented us from testing
sensitivity to trypsin at lower concentra-
tions of serum. Production of inter-
feron is blocked by actinomycin D (11).
When AH-1-RBC heterokaryons were
given a second virus stimulus 1 week
after cell fusion and simultaneously ex-
posed to 1 ug of actinomycin per mil-
liliter, no interferon activity against
either human or chick cells was found.
Thus, although the titers of interferon
activity were low, the AH-1-RBC het-
erokaryons did produce detectable ac-
tivity that was-not dialyzable, stable to
heat (60°) and pH 2, not precipitated
by ultracentrifugation, sensitive to tryp-
sin, and inactive when tested on mouse
cells. Furthermore, the activity was not
a nonspecific product of the AH-1 cells
since neither AH-1 cells alone treated
with inactive Sendai virus nor a mix-

ture of AH-1 cells and chicken RBC’s
(mixed but not fused with virus) pro-
duced the interferon-like substance. It
seems likely that the stimulus for inter-
feron production by the heterokaryons
was the ultraviolet-inactivated Sendai,
for the AH-1 line is free of myco-
plasma and neither electron microscopy
nor prolonged passage in tissue cul-
ture has shown any evidence of latent
viruses.

These experiments demonstrate the
synthesis of a specific cell protein in a
heterokaryon after virus-induced cell
fusion. Nuclear activation induced by
heterokaryon formation had previously
been demonstrated by Harris, who
found increased uptake of H3-uridine
and H3-thymidine by fused erythrocyte
nuclei (7). It was of interest to deter-
mine whether the complex sequence of
steps from activation of DNA to pro-
duction of active protein could be com-
pleted by these cells. Since production
of interferon specific to chicken cells
must be directed by the erythrocyte
DNA, it would seem that this sequence
can take place. As chicken erythrocytes -
alone do not produce interferon, fusion
with a permissive cell, such as AH-1,
seems to result in an activation or “un-
masking” of at least this portion of
the previously dormant chicken genome.

The results of fusion of erythrocytes
with HeLa cells are provocative. There
may be present in this clone of HeLa
cells a repressor that prevents the pro-
duction of interferon. This repressor
might block interferon production di-
rected by both the HeLa cell and chick-
en erythrocyte nucleus.

MARY A. GUGGENHEIM
ROBERT M. FRIEDMAN
ALAN S. RABSON
National Institutes of Health,
Bethesda, Maryland 20014
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