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Effect of Temperature on the Production of Human Fibroblast Interferon (41411)
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Abstract. The effect of temperature upon interferon production in human fibroblasts was
examined. Kinetic studies showed that exposing the cells to 37° for one hour before lowering
the temperature to 30° resulted in a more prolonged period of production in comparison to
cultures maintained at either 37° or 30°. These data suggest that a temperature-dependent
event early in the production phase is responsible for the increased rates of synthesis in
the later stages of production. The addition of cycloheximide (10 wg/ml) to the culture
medium during the 37° period did not shorten the production period indicating that the
extended period of production does not depend upon protein synthesis. In view of the
improved yields observed, these studies may have applications to large-scale interferon

production.

A number of studies (1—4) have shown
that the successful induction of human fi-
broblast interferon using a synthetic in-
ducer in combination with various anti-
metabolites (‘‘super-induction’’) is de-
pendent upon careful control of certain
critical parameters. These parameters in-
clude concentration of and the duration of
exposure to antimetabolites, previous ex-
posure to interferon (priming), and temper-
ature. In our own work (2), we have shown
that interferon production using cells grown
in microcarrier culture is dramatically in-
fluenced by temperature and priming.

Since reduction in temperature during the
production phase of interferon synthesis
has been shown to increase interferon
yields (5), we felt it would be of value to
examine in greater detail the relationship
between temperature and rates of inter-
feron synthesis.

Materials and Methods. Human diploid
foreskin cells (FS-4) were obtained from
Dr. Jan Viléek, New York University
School of Medicine, New York, and were
used in all experiments. Cells were ob-
tained at approximately the 18th population
doubling. They were frozen in one batch for
the entire series of experiments and were
used between the 30th and 40th population

! To whom correspondence should be addressed.

doublings. Stock cultures were maintained
in Corning plastic roller bottles in a walk-in
incubator at 37°, and microcarrier cultures
were seeded from these stocks. Cultures
were seeded onto microcarriers in either
2-liter spinner vessels (Wheaton Scientific)
in a 1-liter volume or a 14-liter fermentor
(New Brunswick Scientific Co., New
Brunswick, N.J.) in 5-liter volumes. The
cell inoculum ranged from 3 to 4 X 10°
cells/ml. A microcarrier concentration of 5
mg/ml was used and cultures were incu-
bated in a humidified incubator supplied
with 10% CO,. Growth medium for stock
cultures consisted of Dulbecco’s modified
Eagles medium (DMEM) (Flow Labora-
tories, Inc. Rockville, Md.) supplemented
with 10% fetal bovine serum (Sterile
Systems, Inc., Logan, Utah). For micro-
carrier growth the serum concentration
of the DMEM was reduced to 5%. An-
tibiotics used were penicillin (100 units/ml)
and streptomycin (100 ug/ml), which were
obtained from Sigma Chemical Company,
St. Louis, Missouri. Cultures were split
using a trypsin—EDTA solution (Grand Is-
land Biological Co., Grand Island, N.Y.).
The procedure for microcarrier prepara-
tion has been described previously (6). The
initiation of microcarrier cultures consisted
of the following: Microcarriers were sus-
pended in phosphate-buffered saline (PBS)
at a concentration of 10 mg/ml and steril-
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ized in glass bottles by autoclaving. Micro-
carriers were washed twice with PBS and
once with growth medium and then dis-
pensed into spinner flasks containing growth
medium to give a final concentration of 5
mg/ml.

The superinduction procedure used was a
modification of the method reported by
Havell and Vil¢ek (3). The modified proce-
dure, developed in our laboratory, has re-
cently been described (2). For most ex-
periments cells were grown to confluency
on microcarriers in a 1-liter volume to a
density of approximately 1 x 10°¢ cells/ml.
On the fifth or sixth day cells were washed
two times with DMEM and transferred in
50-ml aliquots to 250-ml spinner vessels
(Wilbur Scientific, Inc., Boston, Mass.).
Cells were then primed at 37° for 16 hr in
DMEM + 0.5% Plasmanate (Daly Hospital
Supply, Lynnfield, Mass.) + 50 units/ml of
fibroblast interferon. Cells were then
washed two times with DMEM after which
50 ml of DMEM containing 50 wg/ml of poly
I-poly C (PL Biochemical Co., Milwaukee,
Wisc.) and 10 pg/ml of cycloheximide
(Sigma Chemical Co.) were added. After
4 hr of incubation, actinomycin D (Sigma
Chemical Co., St. Louis, Mo.) was added
to give a concentration of 1 wg/ml. After
1-2 hr of further incubation, the medium
was removed and the cells were washed
two times with DMEM. DMEM + 0.5%
Plasmanate was then added and cultures
were incubated for 24 to 48 hr. In this
study, a variety of temperatures was used
during both induction and production.
Culture fluids were collected, clarified by
centrifugation at 200 rpm for 10 min, and
either assayed immediately or frozen at
—70° until assayed. The procedure for in-
terferon assay has been described else-
where (3).

Cells in microcarrier cultures were
enumerated by counting nuclei, using a
modification of the method of Sanford et al.
(7) as described by VanWezel (8). Cells in
roller bottles were dispersed with a tryp-
sin—EDTA solution and counted with a
hemacytometer. Cultures were thoroughly
screened for the presence of mycoplasma
by the culture method (isolation of PPLO
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colonies on artificial media), the uridine—
uracil assay described by Schneider et al.
(9), and the DNA staining method reported
by Russell et al. (10). All results were
negative.

Results and Discussion. The kinetics of
interferon production were examined using
different combinations of temperatures
(Figs. 1A and B). These data showed that
the rate of interferon synthesis increased
rapidly at the beginning of the production
phase, reached a peak within 4 to 6 hr and
subsequently decreased. When the temper-
ature was held constant (34°) during pro-
duction but was varied during induction
(30, 34 and 37°) it was noted that the
initial rate of synthesis was substantially
lower at 30° compared to either 34° or 37°.
However, the rate of decline of interferon
synthesis was approximately the same at all
temperatures, and production was essen-
tially complete by 16 hr suggesting that the
rate of synthesis was controlled by the tem-
perature during production. Figure 1B
shows the kinetics of interferon production
when the temperature was held constant
(34°) during induction and was varied dur-
ing the production phase (30, 34, and 37°).
The highest rate of initial synthesis (ap-
proximately 6000 units/ml-hr), was ob-
served at 37° and this was approximately
threefold higher than the initial rates ob-
served at 30 and 34°. Although a rapid de-
cline in the rate of production was observed
at 34 and 37°, the rate of decline at 30° was
more gradual and production was still sub-
stantial after 24 hr (400 units/ml- hour).
These kinetics experiments suggested that
the use of a higher temperature (37°) for a
short period at the beginning of the produc-
tion phase followed by a lower temperature
for the duration of the production period,
might result in a high initial rate of synthesis
which could be sustained for a longer pe-
riod at the lower temperature.

Further kinetic studies were done to de-
termine the effect of such a shift in temper-
ature during the production phase. Results
are shown in Fig. 2. When 37° was main-
tained throughout the production period, a
peak of approximately 2000 units/ml-hr
was reached at 5 hr, after which a rapid de-
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Fi1G. 1. Kinetics of interferon production using different temperatures during induction and produc-
tion. (A) Induction. Duplicate cultures of FS-4 cells were primed for 16 hr at 37° with 50 units/ml of
fibroblast interferon then induced at temperatures of 30° (O), 34° (A), and 37° (@). After inducer and
antimetabolites were removed and production medium (DMEM + 0.5% Plasmanate) added, the tem-
perature was held at 34° throughout the production period. At each of the indicated times, medium was
removed from each culture vessel and fresh production medium was added. (B) Production. Culture
conditions were identical to those described in (A) except that the temperature was held at 34° during
induction and cultures were maintained at 30° (O), 34° (4), and 37° (®) during production.
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FiG. 2. Kinetics of interferon production using tem-
perature shift during production phase. Duplicate cul-
tures of FS-4 cells were primed for 16 hr at 37° with 50
units/ml interferon, then induced at 34°. After inducer
and antimetabolites were removed and production
medium (DMEM + 0.5% Plasmanate) added, the
temperature was held at 37° for 1 hr, then shifted to 30°
for the remainder of the production period (A). Con-
trol cultures were held at either 30° (@) or 37° (O)
during the entire production period.

cline occurred in the production rate. When
cultures were either maintained at 30°
throughout production, or exposed to 37°,
for 1 hr, followed by a shift in temperature to
30°, the production rate rose to a level
slightly less than the 37° cultures, then de-
clined less rapidly. Notably, cultures at 30°
which had initially received a short expo-
sure at 37° showed an extended period of
production compared to when 30° was
maintained throughout production.

In order to determine whether the ex-
tended period of production was dependent
upon protein synthesis during the 37° pe-
riod, the following experiment was per-
formed: cultures were induced using stan-
dard conditions after which cycloheximide
(at concentrations of either 1 or 10 pg/ml)
was added during the 1 hr 37° period. Cul-
tures were then washed, and fresh produc-
tion medium was added. The temperature
was maintained at 30° for the remainder of
the production period. We have demon-
strated (data not shown) by measuring the
incorporation of [**C]Jleucine, that concen-
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Fi1G. 3. Kinetics of interferon production using dif-
ferent concentrations of cycloheximide during the ini-
tial 37° period. Following the induction period cells
were washed twice with DMEM and production
medium (DMEM + 0.5% Plasmanate) containing
either 0 (O), 1 (@), or 10 ug/ml (A) of cycloheximide
was added. Cultures were incubated at 37° for 1 hr,
after which culture fluids were removed and replaced
with fresh production medium. Cultures were then in-
cubated at 30° for the remainder of the production pe-
riod. At the indicated times fluids were removed, sam-
ples were collected for assay, and fresh production
medium was added.

trations of 1 and 10 wg/ml of cycloheximide
inhibit >80% and >95%, respectively, of
protein synthesis in FS-4 cells. Results
(Fig. 3) showed that the presence of cy-
cloheximide did not shorten the period of
production relative to control cultures
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containing no cycloheximide, indicating
that protein synthesis is apparently not re-
quired during the 37° period. In fact, at both
concentrations of cycloheximide, higher
rates of synthesis were observed between
the 4th and 16th hr of production.

The effect of switching to different tem-
peratures from the initial 37° period was
also determined. Cultures were induced at
34°, production was initiated at 37°, and
after 2 hr, the temperature was lowered to
either 34, 30, or 25°. The data shown in
Table I indicate that a shift to either 34 or
30° results in higher yields of interferon
than either no shift or a shift to 25°.

In another study the optimal time for
temperature reduction was examined.
Cultures were induced at 34° and either held
at 30° or 37°, or switched from 37° to 30°
after 1, 2, 3, and 4 hr. As shown in Table II,
higher yields were obtained using the tem-
perature shift in comparison to control
cultures at either 30° or 37°. It appears from
these data that although the shift itself is
important, the actual time of shift is not
particularly critical.

It has previously been reported (2, 5, 11,
12) that a reduction in temperature through-
out the production period results in higher
yields of interferon and we have confirmed
these results. One possible explanation for
the effects of temperature reduction is that
interferon mRNA is more stable at lower
temperatures. A reduction in temperature
could also exert a stabilizing effect by inter-
fering with an inhibitor which inactivates

TABLE I. EFFECT ON INTERFERON YIELDS OF SWITCHING TO DIFFERENT
TEMPERATURES DURING PRODUCTION PHASE®

Temperature conditions (°)

Induction Production Interferon yield (units/ml)®
34 37 28,000 = 10,000
34 37 — 34 43,000 = 4,000
34 37— 30 49,400 = 0
34 37> 25 22,000 = 10,000

“ Induction was carried out using standard procedures described under Methods. Cells were exposed to
actinomycin D for 1 hr, the temperature switch was made after 2 hr and samples were collected for assay after

24 hr.

® Data represent the average values and the standard deviation of two samples assayed in duplicate. Since
the cell density was 1 X 10° cells/ml, the data also refer to units per 10° cells.
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TABLE II. DETERMINATION OF OPTIMAL TIME OF TEMPERATURE SHIFT DURING PRODUCTION PHASE®

Temperature conditions (°)

Induction Production Interferon yield (units/ml)
34 37 15,200 = 4400
34 37— 30 (1 hr) 41,700 = 4200
34 37— 30 (2 hr) 37,100 = 7600
34 37— 303 hr) 28,100 = 12,100
34 37— 30 (4 hr) 36,400 = 12,700
34 30 12,400 + 4500

¢ Induction was carried out using standard procedures described under Methods. Cells were exposed to actino-
mycin D for 1 hr and interferon samples assayed in duplicate. Since the cell density used was 1 X 106 cells/ml,

data also refer to units per 10° cells.

interferon mRNA or by decreasing the rate
of cellular deterioration, thereby allowing
production over a longer period. In addi-
tion, it is evident from these studies that
some event early in the production period
influences the rate and duration of interferon
synthesis. This effect is enhanced by an in-
crease in temperature and does not appear
to involve protein synthesis.
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