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Dengue viruses infect mammalian cell cul-
tures without producing obvious cytopathic
effect(1). Halstead showed that continuous
cultures of African green monkey kidney cells
(BS-C-1) or rhesus kidney cells (LLC-MK2)
infected with dengue viruses resist superin-
fection with yet another virus(2). This chal-
lenge virus resistance (CVR) is superficially
similar to that induced by rubella virus in
BS-C-1 cells(3) and by tick-horne encephali-
tis viruses in chick embryo cell cultures(4),
and has been useful for the recovery of den-
gue viruses from patients’ blood. This tech-
nique is more sensitive and efficient than is

the use of the suckling mouse for isolation
and characterization of some strains of den-
gue viruses(5). The present experiments
show that dengue virus-induced CVR is ac-
companied by the elaboration of an inter-
feron-like substance. The characterization of
this interferon, its behavior in BS-C-1 cells,
and the circumstances of its production are
the subject of this report.

Materials and methods. Viruses. The den-
gue virus (PR-38) was isolated from a pa-
tient during the epidemic in Puerto Rico in
1963(5). The strain was recovered originally
in BS-C-1 cell monolayers; third and fourth
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BS-C-1 passages were used in these experi-
ments. The virus is closely related anti-
genically to dengue type 3. Polio type 2 vi-
rus used for detection of CVR was recovered
in 1956 in this laboratory.

Cell cultures. The BS-C-1 line of continu-
ous GMK cells was obtained in approximate-
ly the 300th passage* and subcultured serial-
ly. Growth medium was M-199 containing
15% inactivated (56°C, 30 min) fetal bovine
serum (FBS), penicillin 100 units/ml, and
streptomycin 100 pg/ml. Maintenance medi-
um was Eagle’s basal medium (BME) con-
taining 29 inactivated chicken serum and
the same antibiotics. BS-C-1 cells were main-
tained in 250 ml bottles and passaged at 4-
to 6-day intervals. Tube cultures were inocu-
lated 4 to 5 days after seeding when a con-
fluent monolayer had formed. Tubes were
maintained in stationary racks at 36°C.
Maintenance medium was changed every
third or fourth day to maintain an alkaline
pH.

Infectivity titrations. Infective virus was
titrated in serial 10-fold decrements:; 0.1 ml
of each dilution of virus in maintenance me-
dia was inoculated into each of 4 to 6 BS-C-1
tube cultures. Cultures were incubated for 9
days: medium was changed when necessary
to maintain pH. CVR was measured on the
ninth day by addition of approximately 1000
TCD;q of polio virus IT. Survival of more
than 509% of challenged cells at times when
complete destruction of the cell sheets oc-
curred in control tubes (usually 48 hours
after inoculation of the polio virus) was in-
terpreted as positive challenge virus resist-
ance (CVR). End points were calculated by
the method of Reed and DMMuench(6).

Interferon assay. Infective virus in culture
fluids was destroyed by adjusting the pH to
2, with 0.1 N HCI at 4° for 18 hours. The
pH of the fluids was returned to 7.2-7.4 with
0.1 N NaOH and serial 2-fold dilutions made
in maintenance media. One ml amounts of
each dilution were added to BS-C-1 tubes
after removal of the media. A minimum of 4
tubes per dilution was used. Tubes were in-

* Obtained from Mrs. Hope E. Hopps, Division of
Biologics Standards, Nat. Inst. Health,
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cubated for 24 hours at 36°C, the fluids re-
moved and replaced with maintenance medi-
um containing 1000 ID;¢ of polio virus II.
Tubes were observed for CPE and the cri-
teria described above were used to determine
the end points of interferon activity.

Gel filtration. Sephadex G-200 in 70 X 2
cm columns was used for filtration experi-
ments. The Sephadex was washed and equili-
brated with 0.15 M phosphate buffered nor-
mal saline, pH 7.3 (PBS). The column was
packed with 10 g of Sephadex under gravity
flow. A two ml sample of tissue culture fluid
was applied to the column and elutions made
with PBS. Two ml fractions were collected,
and protein concentrations were determined
by the method of Lowry(7). Antibiotics
were added to the eluates, and 50% PBS was
added to the fractions to be tested for virus
content.

Results. Growth of dengue virus within
infected cells and release of virus into medi-
um were found to have a consistent relation-
ship to development of CVR and production
of an interferon-like substance. Following
eclipse of 24 hours or more, virus became de-
tectable in cells; obvious CVR was observed
only after maximal concentrations of intra-
cellular virus were attained. Finally, increas-
ing concentrations of interferon-like sub-
stances in the medium were demonstrated.

Temporal relationships between virus pro-
liferation, CVR and interferon production.
The relationships between virus growth, CVR
and the production of interferon were investi-
gated in stationary tube cultures. In each ex-
periment approximately 100 tubes were in-
oculated with 10 to 3200 interfering doses 50
(InD34) of dengue virus. At 24-hour inter-
vals 10 tubes were selected at random; media
and washed cell sheets were harvested sepa-
rately for determination of infectious virus
and interferon content. A sample of pooled
cell-free medium for virus titration was mixed
with an equal amount of PBS, shell frozen
and stored at —70°C. The remaining un-
diluted medium was frozen and stored simi-
larly. Cells were washed with an excess of
BME, and 1 ml of BME containing 50%
FBS was added to each tube. Cells were dis-
rupted by agitating with sterile fine glass
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FIG. 1. Virus growth and interferon production
in BS-C-1 cells following dengue virus infection.

FIG. 2. Sephadex G-200 separation of dengue vi-
rus and interferon.

beads using a Vortex mixer. The resulting
suspensions were pooled, shell frozen and
stored at —70°C. All materials were thawed
and centrifuged at 200 rpm in a refrigerated
centrifuge prior to titration. Finally, 4 tube
cultures selected randomly from the infected
culture stock were challenged with 1000 1Dy,
of polio virus on each day and observed for
CVR.

Following inoculation of approximately 32
InD;y of dengue virus, infective virus was
not detectable in either cells or supernatant
media after 24 hours of incubation (Fig. 1).
At 48 hours cell associated virus titered 10'5
InD;o/ml and increased daily reaching peak
infectivity of 10*% InDjo on the 4th day.
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Extracellular virus was first detected on the
4th day (10%7/ml), at or near the time when
cell associated virus titers were maximal, and
increased slowly during the next 4 days. In-
terferon became detectable on the 6th day
(1:8/ml) 48 hours after extracellular virus
could be demonstrated, and increased ap-
proximately 4-fold during the next 4 days.
Partial CVR was observed concurrently with
maximal cell associated virus; CVR was not
complete, however, until after interferon was
detected in the supernatant medium. In an-
other experiment with a small initial virus
input, pH of maintenance medium was al-
lowed to become acid. Here, extracellular
virus was detected only on the 4th and 5th
days, and cell associated virus declined from
a peak of 10* InD;y/ml on the 4th day to
10% InDj;4/ml on day 10. Patterns of CVR
were essentially similar to those shown in
Fig. 1. With virus inputs of 10* InDj3,, both
cell associated and extracellular virus were
detected more rapidly: maximal titers of in-
tracellular virus reached 10°% InDj,/ml by
the 3rd post inoculation day. Appearance of
CVR was accelerated, being complete by the
3rd day.

The relationship of the size of the inocu-
lated dose of dengue virus to the appearance
of CVR under standard conditions is shown
in Table I. With less than 102 InDj,, ap-
pearance of CVR was delayed until as late
as the 5th post inoculation day. With greater
inputs the delay was correspondingly less.
Complete CVR regularly could be shown 1
to 2 days after partial resistance was dem-
onstrated.

Characteristics of dengue-induced BS-C-1
interferon. The interfering substance pro-
duced by the dengue-infected BS-C-1 cells

TABLE I. Iufluenza of Imoculum Size on Appear-
ance of Challenge Virus Resistance in BS-C-1 Cells.

Oceurrence of CVR by indicated 7

Inoculum days
(InDy,) None Partial Complete
1003 0—4 5-6 7-10
10 04 5 6-10
10 0-3 4 5-10
108 0--2 3 4-10
10 0-1 2 3-10
10° 0-1 2 3-10
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TABLE II. Properties of Interferon Produced by
BS-C-1 Cells Following Dengue Virus Infection.

Interferon titer

Treatment Untreated Treated
Heat (56°C, 1 hr) 1:32 1:2
Heat (60°C, 1 hr) 1:32 <1:1
Trypsin digestion (.5 mg/ml, 1:64 <1:1
37°C, 1 hr)
Ether treatment (20%, 4°C, 1:32 1:8
18 hr)
pH 2 (4°C, 24 hr) 1:64 1:64
pH 1 (4°C, 24 hr) 1:64 <1:1
Ultracentrifugation (100,000 1:64 1:64
X g, 4 hr)
Dengue 3 antiserum (4°C, 18 hr) 1:64 1:64

was identified as an interferon by determin-
ing its stability at pH 2, sensitivity to diges-
tion by trypsin, lack of inhibition by potent
antidengue 3 serum, and sedimentation char-
acteristics by ultracentrifugation. These
physical and chemical characteristics are pre-
sented in Table II. Tt meets the criteria
established by Isaacs(8) and Wagner(9) for
interferon. Heating to 56°C for 1 hour de-
stroyed over 90% of the interferon activity
and 60°C for 1 hour resulted in complete
loss of activity. This heat lability is similar
to that reported for some mouse and human
interferons(10,11).

Separation of infectious virus and inter-
feron by gel filtration. Sephadex G-200 frac-
tionation of infected tissue culture fluids with-
out concentration was found to be unsatis-
factory because the concentration of inter-
feron was too low to assay in eluted frac-
tions. Infectious dengue virus, however, was
readily recoverable from the early fractions
associated with the high molecular weight
substances. Ten-fold concentration of tissue
culture fluids by lyophilization and rehydra-
tion to 1/10 the original volume increased the
interferon titer to 1:512. When the concen-
trated material was fractionated and undi-
luted alternate fractions tested for infectious
virus and acid-stable interfering substance, a
definite separation of the infectious virus from
the interferon activity was obtained (Fig. 2).
The infectivity was again found only in the
early fractions (26-32) and the interferon
activity was detected only in fractions 51
through 62 in the descending portion of the
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low molecular weight protein peak. Quanti-
tative recovery of the interferon activity after
fractionation could not be made by this
method probably because of the adsorption
of partially purified interferon onto glass(12).

Discussion. Present studies indicate that
dengue-infected BS-C-1 cells produce an in-
terferon that has physical and chemical char-
acteristics similar to those reported for other
mammalian interferons. It was found feas-
ible not only to separate dengue virus from
the interferon by gel filtration, but to do so
without significantly destroying the infectiv-
ity of the virus. Infectious virus was eluted
with those proteins whose molecular size was
large enough to prevent them from entering
the gel. No acid stable interfering substance
was found in those fractions. Interferon ac-
tivity was eluted with proteins of molecular
weight 70,000 or less.

The relationship of the onset of CVR and
interferon production makes the hypothesis
that the interference is mediated by interferon
an attractive one. Interferon is found in the
media only after CVR has been established.
Presumably, this reflects excess interferon not
absorbed by cells. The CVR demonstrated
prior to detection of interferon in the media
may be due to interferon remaining within
infected cells, or to that absorbed to non-
infected cells. Alternatively, the biological
assay for interferon may be too insensitive
to detect its earliest appearance in the media.
Time of onset of CVR varies with the infect-
ing dose of dengue virus, and the appearance
of interferon in the media varies in the same
manner, becoming detectable on the second
day after partial CVR is noted, corresponding
with the establishment of complete CVR.

Vilcek has shown that CVR afforded chick
embryo fibroblasts by infection with tick-
borne encephalitis viruses is mediated by a
protein indistinguishable from influenza virus
induced chick embryo interferon(13). The
present experiments suggest that interferons
also mediate the resistance of BS-C-1 cells
infected with dengue viruses to superinfec-
tion with polio virus II. If interferons are in-
deed responsible for cell resistance to super-
infection in this system, host cell-virus rela-
tionships must differ significantly from those
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of the rubella virus-induced CVR in the same
cell, for no interferon-like substances appear
to be elaborated by BS-C-1 cells infected with
rubella virus(5). No explanation for these
differences can currently be made.

Experiments reported elsewhere have con-
firmed the utility and relative simplicity of
the BS-C-1 interference system for the isola-
tion of dengue viruses of several types from
human serum, and for performing virus neu-
tralization tests to identify the agents isolated
(5). The current experiments define optimal
times for harvesting virus and for detecting
interfering agents by challenge. Seed viruses
for neutralization tests, containing minimal
amounts of interferon, can be obtained by
harvesting washed cell sheets on the fourth
or fifth day of incubation.

Summary. Infection of BS-C-1 cells by
dengue virus produces resistance to challenge
with polio virus type II. The interference
is related to the production of an interferon
which is released into the media following
the time when maximal intracellular dengue
virus titers are present. The interferon ap-
pears similar to other mammalian interferons
and can be separated from the infectious virus
by gel filtration with Sephadex G-200. The
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use of this method for isolation and
identification of dengue viruses is discussed.
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Characteristic of tumor growth is the com-
petition between the neoplasm and normal
tissues for the nutritional resources of the
host(1,2). Emaciation and alterations in me-
tabolism occur in animals bearing rapidly
growing tumors. Previous studies in our lab-
oratory demonstrated that hepatic alanine
transaminase activity is markedly depressed

* Supported in part by Grant CA-05671 from Nat.
Cancer Inst.

t Present address: Sterling-Winthrop Research In-
stitute, Rensselaer, N. Y.

in adult rats bearing Walker carcinoma 256
(3). It was of interest, therefore, to deter-
mine if this effect on a transaminase enzyme
would also occur under other conditions which
involve the growth of new tissues, such as
during pregnancy and liver regeneration. The
rate of tumor growth and changes in alanine
transaminase activity were also observed
when the Walker tumor was growing in
competition with regenerating liver or rapidly
growing fetal tissues. Furthermore, the in-
duction of alanine transaminase by cortisol



