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Recent studies have shown that a num-
ber of non-viral substances elicit the in vitro
production of antiviral proteins with many
of the properties of interferon (reviewed in
ref. 1). One of the most interesting of these
non-viral inducers of interferon (or inter-
feron-like substances) is the phytohemag-
glutinin (PHA) obtained from the kidney
bean, Phaseolus vulgaris. In human lympho-
cyte cultures PHA stimulates cellular enlarge-
ment and mitotic activity (2) and in addition
initiates the production of an interferon-like
protein(3). A variety of other substances
are also capable of inducing lymphocyte
growth in vitro. Some of these, like PHA,
are non-specific, in that they are effective
with cells from all subjects including cells
obtained from umbilical cord blood(4). Other
materials have been termed specific, since
they are only active when the lymphocytes
tested are obtained from a subject who has
been immunologically sensitized to the sub-
stance in question(5,6).

It was of interest to determine whether
the production of interferon by lymphocytes
was a generalized concomitant of lympho-
cyte growth or whether the phenomenon was
peculiar to stimulation by PHA. In this
study the interferon-inducing effect of an
extract of the poke weed (Phytolacca ameri-
cana) which behaves as a non-specific mito-

gen(7) and that of streptolysin-O, which
behaves as a specific mitogen(4), were inves-
tigated and compared with the effect of PHA.
In addition, the kinetics of PHA-stimulated
interferon production were studied in some
detail.

Materials and methods. The preparation of
purified human lymphocyte cultures has been
previously described(8). Cells were cultured
at a density of 2 X 10%/ml in Eagle’s MEM
(spinner modification) with 10% autologous
plasma.

Mitogens employed were PHA, poke weed
mitogen (PWM), or streptolysin-O (SLO).
PHA was obtained from Burroughs Well-
come, Inc. (PHA, batch x5) and was used
at 10 pg/10°% cells; SLO, from Difco Labora-
tories (0.4 ml standard solution/10¢ cells).
Purified PWM was generously provided by
Drs. L. Chessin, J. Borjeson, and R. Reisfeld,
NIAID, NIH, and was employed at 1.25
ng/10% cells. PWM and PHA stimulated
cultures were incubated for 2 to 48 hours
before harvesting; SLO cultures, for 4-5 days.
Since little or no mitotic activity was ob-
served before 48 hours after addition of
PHA or PWM, all of the observations made
on those cultures were probably referable to
the originally cultured cells.

All lymphocyte culture fluids to be assayed
were routinely passed through Nalgene 0.2 n
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FIG. 1. Assay method for human interferon:
1. Mitogen added to human Iymphoeyte culture.

2. Lymphoeyte culture fluid harvested and filtered.

{
3. Dilutions of lymphoeyte culture fluid incubated
for 14 hr with human adult skin cultures (HAS
T cells).

{
4. HAS I cells washed 5X, infected with virus for
1 hr; and again washed 5X.

|
5. HAS I cells and culture fluids frozen
thawed during log phase of virus growth.

and

6. HAS I culture fluids assayed for virus titer on
chick fibroblasts.

plastic filter units and then diluted with
Eagle’s medium containing 10% fetal calf
serum. To assay for antiviral activity (Fig.
1) test tubes containing monolayers of HAS
I cells, a human adult skin diploid strain
obtained from Dr. B. W. Uhlendorf, NTH,
were treated for 14 hours with dilutions of
human lymphocyte culture fluids. The mono-
layers were then washed 5 X with Eagle’s
medium and infected with a chick cell pool
of Semliki Forest Virus (SFV) at a virus
plaque forming unit to cell multiplicity of
80:1. Virus growth was interrupted by simul-
taneously freezing all of the tubes (—80°C)
at one point in the log phase of virus growth,
5-9 hours after infection. Virus growth was
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FIG. 2. Virus inhhibition by interferon produced
in human cells. Interferon was produced by infect-
ing human skin cultures with Semliki Forest Virus.
Culture fluid was removed after 24 hrs, treated with
acid to pH 2, neutralized, and diluted in Eagle’s
medium with 10% serum. Assay of dilutions for
antiviral activity was performed by the method out-
lined in Fig. 1. Virus growth is reported as a per-
centage of that of control cultures.
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assayed by titration of the frozen and thawed
HAS I fluids on chick embryo monolayers
and compared to virus growth in simultane-
ously run control tubes incubated with me-
dium and serum before SFV infection. Fig.
2 shows the relationship between virus growth
and dilutions of an interferon preparation
obtained from SFV-infected HAS I cells. A
linear relationship between the log;o of the
interferon dilution and the percentage inhi-
bition was found between 20 and 70%
inhibition. A 3-fold or more reduction in
virus growth was considered to be signifi-
cant in this system. The titer of a prepara-
tion, therefore, was the highest dilution in
which a 3-fold inhibition of virus yield was
found. Most previous studies employing simi-
lar assay systems have considered a 2-fold
reduction in virus growth as indicative of
significant inhibition (9).

Results. Table I reviews our results with

TABLE I. Stimulation of Antiviral Activity in
Human Lymphocytes by Mitogens.

Range of positive
cultures (units

Cultures pro-
ducing anti-

Addition to viral activity of antiviral
lymphocytes* /total tested activity/ml)
None 0/4 —_
PHA, 1-2 days 10/11 100 to >100
SLO, 45 7 2/5 30
PWM, 1-2 ” 5/6 30 to >100

* Lymphocyte cultures were incubated with 10
ug of phytohemagglutinin (PHA) per 10° cells; or,
with 0.4 ml of a standard solution of streptolysin 0
(SLO) per 10° cells; or, with 1.25 ug of purified
poke weed mitogen (PWM) per 10° cells for the
indicated periods. Fluids were harvested, filtered,
diluted with Eagle’s medium with 109, fetal calf
serum and assayed in human adult skin cultures as
deseribed in text.

cultures of unstimulated lymphocytes and
with cultures stimulated by each of the 3
mitogens employed, SLO, PHA, or PWM.
No antiviral activity was found in fluids
from unstimulated lymphocyte cultures.
Deinhardt and Burnside (personal communi-
cation) have reported low titers of interferon
in some normal human leukocyte cultures
but we have been unable to repeat these
findings in our cultures which contained
>989% lymphocytes. Since unstimulated lym-
phocyte cultures failed to produce antiviral
activity, production of substances with anti-
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viral activity in these systems after stimula-
tion was probably not due to a latent virus
infection.

In all but 1 of 11 experiments on lympho-
cytes from 11 different donors, high titers
of antiviral activity were found in fluids from
PHA stimulated lymphocyte cultures. De-
tectable titers were present as early as 2
hours after PHA addition. In SLO treated
cultures 2 of 5 culture fluids had a moderate
titer of antiviral activity after 4 days incu-
bation. Also, no antiviral activity was noted
in 2 additional cultures in which no mitotic
actvity was present after SLO treatment.
Finally, 5 of 6 PWM stimulated cultures had
high titers of antiviral activity after 48 hours
incubation with PWM. In culture fluids of
a single additional PWDM-treated culture
which had no mitotic activity after incuba-
tion with PWM no antiviral activity was
found.

The 3 SLO-treated cultures whch, despite
typical mitotic responses to SLO, failed to
produce an antiviral substance were of some
interest. One of the cultures had been ob-
tained from the same donor cell suspension
from which the single negative in the PHA-
stimulated group (Table I) had been; an-
other, from the single negative in the PWM
stimulated group (Table I). It is possible
that certain cell suspensions were, for an
unknown reason, poor producers of anti-
viral activity. Even some virus-cell systems
which are usually excellent sources of inter-
feron on occasion fail to produce signifi-
cant interferon titers, e.g., chikungunya virus-
chick fibroblasts (S. Baron, personal com-
munication).

Another possible reason for the relatively
poor production of antiviral activity in SLO
stimulated cells may be related to the fact
that the mitotic response to SLO was of
lower degree and of more gradual onset than
that to either PHA or PWM(5). This may
be due to the requirement for a series of
divisions of a small, SLO-sensitive segment
of the lymphocyte population, in response
to specific antigens before the mitogenic
response could be detected. Since, as will
be shown below, interferon production was
greatest shortly after exposure to the stimu-
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TABLE II. Biological and Physical Properties of

Antiviral Substance Produced in Human Lympho-

eyte Cultures Exposed to Phytohemagglutinin,
Streptolysin 0, or Poke Weed Mitogen.

Antiviral
Treatment activity
Acid to pH=2 Preserved
44°C, .5 hr ”
60°C, .5 hr Destroyed

Trypsin (200 ug/ml, 37°, 15 min)
105,000 X g, 2 hr

‘Washing cells 5X after incubation
On human cells

On chick cells

Not sedimented
Not removed
Present

Absent

lating agent and decreased thereafter, it may
be that the total production in some SLO-
stimulated cultures fell below the limits of
detection by our assay system because of
an initially small sensitive population.

The antiviral substance produced by hu-
man lymphocyte cultures treated with PWM,
PHA, or SLO had many properties in com-
mon with those of human interferon(10). It
was stable to acid (pH=2) and to 44° for
0.5 hour, but not to 60°C for 0.5 hour or
to trypsin treatment. It was not sedimented
by centrifugation at 105,000 X g for 2
hours. The antiviral activity was not re-
moved by washing the HAS I cells 5 X
after incubation with lymphocyte culture
fluids and was species specific, since it pro-
tected human cells but not chick cells against
SFV (Table II). In addition Merigan (per-
sonal communication) has shown that the
antiviral substance produced by human lym-
phocytes in response to PHA has the same
molecular weight as purified human inter-
feron (about 18,000). In all chemical, physi-
cal, and biological properties so far investi-
gated in our laboratory the properties of the
antiviral substances produced in human lym-
phocytes in response to all 3 mitogens were
identical to those of human interferon.
Wheelock (3) has reported that the antiviral
substance induced in human lymphocytes by
PHA was not stable to pH 2; however, Meri-
gan and Strander and Cantell (personal com-
munications) have found that it was stable,
corresponding to our findings. Otherwise, the
properties reported here agree with those
reported by Wheelock for PHA induced inter-
feron(3).
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FIG. 3. Effect of removal and readdition of phyto-
hemagglutinin (PHA) on interferon production in
human lymphocyte cultures. A, B, and C—PHA
(10 ugm/10% cells) present 24, 48, and 72 hrs re-
spectively. D, E—PHA removed after 24 hrs. F—
PHA again added after 24 hrs incubation in its
absence. All results represent interferon produced
in a 24 hr period.

Since PHA may act as an inducer in the
stimulation of interferon production, it was
of interest to determine whether continuation
of interferon production was dependent on
the continued presence of PHA in the cul-
ture medium. It has already been shown
that the mitogenic response of lymphocytes
does not require the continuous presence of
PHA after an initial exposure(11). The ex-
periment summarized in Fig. 3 was there-
fore performed. Cultures were exposed to
PHA. One group was washed twice with
medium every 24 hours and PHA was added
in the replacement fluids. Antiviral activity
was present in these culture fluids up to 72
hours after first addition of PHA (Points A,
B, and C, Fig. 3), but titers diminished in
successive 24-hour harvests. In another
group, PHA was removed by washing after
24 hours and not replaced. Interferon pro-
duction, which had been at high levels dur-
ing the initial 24 hours of exposure to PHA
fell below detectable levels during the suc-
ceeding 48 hours without PHA (D&E, Fig.
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3). Indeed, it was found that interferon pro-
duction had ceased by 2 hours after PHA
had been removed. When PHA was replaced
48 hours after the first PHA addition and
after 24 hours incubation in its absence,
moderate titers of interferon were produced
in the next 24 hours (F, Fig. 3).

Discussion. The results confirmed those
of Wheelock(3) and in addition indicated
that several mitogens were capable of induc-
ing interferon production in human lympho-
cytes. In the case of all mitogens tested
this response was variable but in all instances
where very little or no mitotic activity had
been induced, no interferon production was
found. It is apparent that interferon pro-
duction was not a peculiarity of lymphocyte
interaction with PHA, but was more gen-
erally related to lymphocyte growth stimu-
lation. Since the greatest production of inter-
feron occurred during the initial 24 hours
of PHA-stimulated growth and thereafter
declined, and since significant DNA syn-
thesis and mitosis did not begin in this
system until 40-48 hours had elapsed, inter-
feron production appeared to be related to
events occurring in the G1 phase of the mi-
totic cycle.

The findings also showed that upon re-
moval of PHA from lymphocytes interferon
synthesis ceased within 2 hours and with re-
addition of PHA interferon production was
again initiated. This suggested the existence
in human cells of a specific, relatively short-
lived messenger RNA. Alternatively, trans-
lational repression may have become effective
within 2 hours of PHA removal. Resump-
tion of interferon production with readdition
of PHA may then have resulted from de-
repression at either the transcriptional or
translational level. The data presented, how-
ever, do not rule out the possibility that
the interferon production which occurred
upon readdition of PHA was due to stimu-
lation of a previously unaffected segment of
the cell population.

Summary. Phytohemagglutinin (PHA),
poke weed mitogen, and streptolysin-O, all
agents capable of stimulating mitosis in hu-
man lymphacytes i vitro also stimulated
the production of an antiviral substance
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with biological, chemical, and physical prop-
erties identical to those of human interferon.
Upon removal of PHA from human lympho-
cyte cultures interferon production ceased
within 2 hours. Readdition of PHA resulted
in reinitiation of interferon production.
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Oral administration of neomycin may in-
crease fecal fat excretion in normal human
subjects(1). Histologic changes of the jejunal
mucosa resulting from this antibiotic were
reported by Jacobson, Prior and Faloon(2),
but were not confirmed by Rubin and
Dobbins(3). In a more recent study, defective
hydrolysis of a long-chain unsaturated fat was
demonstrated in 2 adults receiving oral neo-
mycin(4). For this reason, the effect of neo-
mycin and other antibiotics on pancreatic
lipolysis was studied in vitro.

Methods. Pancreatic juice was collected at
room temperature from a pancreaticocuta-
neous fistula in an asymptomatic non-fasting
32 year old white male. Injection of radio-
opaque material revealed that the fistula com-
municated directly with the main pancreatic
duct. The colorless, slightly turbid, alkaline
fluid (amylase activity 947 Somogyi units per
ml) was centrifuged for 15 minutes at 2,500
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g and 4°C, lyophilized, and stored in a
vacuum desiccator at 4°C. Just prior to use,
the lyophilized powder was dissolved in 1 ml
of cold 0.05 M Tris (Trihydroxymethyl ami-
nomethane) buffer, pH 7.0, and the final con-
centration of protein adjusted to 2 mg per ml.
Protein was measured by the method of War-
burg and Christian(5).

Lipolysis was measured at room temper-
ature by a modification of the turbidimetric
method of Vogel and Zieve(6). The tri-
glyceride substrate was a stable emulsion of
olive oil (0.04%) and sodium taurocholate
(0.4%) in 0.05 M Tris buffer, pH 7.0. The
reaction was started by adding 20 to 43 pug
of pancreatic fluid protein to 2.8 ml of the
olive oil emulsion. After inverting the mixture
3 times, lipolytic activity, reflected by
clearing of the mixture, was measured by the
change in absorbancy per minute between 2
and 5 minutes. Absorbancy was recorded in
a 3 ml quartz cuvette with a 1 ¢m light path
using a Zeiss spectrophotometer set at 650
my. No change in absorbancy was noted in a
control cuvette when an equal volume of
buffer without pancreatic enzyme was added
to olive oil emulsion. The pH of the assay
mixture remained constant during the initial





