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SHORT COT\IMUNICATloi*!

EFFECT OF TNT'ERFERONS ON DENGUE VIRUS AllUl, TIPl, I-

CA'1'10N IN CUT, TURED NIONOCYTES!\IACROPHAGES

HAT< }10TTAI SUSUA/IU I-10TTA2 and MORIO I{OATMA'

DCD"rtii. cnt of NIIcrohiolo!!\,', and international Center for' A. ledic, !I Resenrcli', 1<01tc Uni-
\ cisit}. School of Aledicinc, 1< us unoki-clio. Chuo-1<Li, 1<0hc, Ll\. ogo, 650 Inn"it
(t{ccci\. CLI SCOicittlier 13, 1984)

mini\ JUL. n\,\I, \r01.27189-193,198+

'I'hc effects of interfci'ons on ticnguc \, ii'LIS multiplication in CLIlturcd 11uman and
mouse monoc}, tesjmacrophagcs \VCrc studied. Interfcron treatmcnt bcforc, but
not after virus inoculation suppi'CSSed virus multiplication dosc-dcpendcntly. Re-
combinant I\urnan ICUkocytc A Intel'feron was as cf+ective as ordinary, ITUinan 11-
broblast Interferon 11T suppressing dengue virus multiplication in cult Lired human
monocytcs. Human monocytcs, a IIOPulation of non-proliferating cell lineagc,
maintained their Intcrfcron-nTediatcd antiviral statc for a few days after rcmoval of
the interferons.

DCngue fcvcr Is a coinnton discasc in tinpical
Some patients \\, itIT dengue fcvei

develop scvcre symptoms, including I\cinoi'-
Thatgic manifestations and circulatory, dis-
turbanccs, namely dengue hemorrhagic fever!
denguc shock syndrome (DHFIDSS) (Schlc-
singer, 1977; Halstcad, 1981). \0 \, accincs
foi' prevention of denguc infection have yet
bccn established bccausc of the possible dangcr
of antibody-mediated unhancemcnt of
fection (Halstead, 1981)

Interfcrons (IF\) ha\, e been used for not
only the rapeLitic but also prophylactic PUT-
poses in va!IOUs virus Infections (Dunnick
and Galass0, 1979; 1980; Stewart, 1981)
Therc are only a few data available on the
effect of IFN on dengue virus infection (Liu,

areas.

1978), nowcvcr, and these ai. c conccined with
infcction of nerve cells of mice, not of cells
of monocytejmacrophagc lineage, which are
thc most Important target cells in ITUman
dengue (Halstcacl anti O'Roui'ke, 1977; Hals-
tead et a1. , 1977; Biandt at a1. , 1979; Scott
or a1. , 1980; Daughad^, at ill. , 1981; Halstcad,
1981). In thc present study, we investigated
the elfccts of IFN on multiplication of dengue
virus In cultured monocyteslmacrophagcs from
botl\ humans and mice to obtain fundamental

data for the possible clinical application of
IFN

The following three IFN preparations wei'c
kindly pi'ovided by Dr. itI. 1<0hase, National
institute of Health, Tokv0 : (1) Rccombinant
human leukocyte A IFi. ; (IFN-tt ; Hof}man-

In-
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L^ R. .h. Inc. , Nutley, NJ. , U. S. A. ) p". duned
by, fischeii'chin coin by means of recombinant
g"netto rechn. I, gy, (Ii) human IFN-, (BM
532; Tor^, Co. , Ltd. , Tokyo), whicl\ was
induced by poly I: poly C in human foreskin
fibroblast cultures, and (Iii) inurine IFN
(types a-13 mixture) produced in Newcastle
disease virus-treated L929 cell cultures.

The following three macrophage systems
were used to examine the effects of IFN on

dengue virus infection : (i) Cultured human
peripheral blood monocytes obtained from
healthy donors as described previously (B6yum,
1968; Hotta et a1. , 1984b), and cultivated in
complete RPA, 11 1640 medium containing 209'0
heat-Inactivated fetal calf serum. (Ii) CUI-
tured mouse perltoneal macrophages obtained
from CS7 BLj6N mice, and cultivated as
described previously (Hotta and Hotta, 1982;
Hotta at a1. , 1983). These macrophages were
treated with phytohemagglutinin-P (pHA,
10 I, glml; Dif. . L"b. , Minh. , U. S. A. ) for
3 days before virus inoculation, as pHA
treatment increases the susceptibility of CUI-
tures to dengue \, irus infection (Hotta and
H. tm, 1982). (111) A in. us, manrophag" coll
line, Allml (Yodoi at al. , 1978 ; 1<}, o1zumi at
a1. , 1982; Hotta at a1. , 1984a), 1<1ndly donated
by Dr. T. ATasuda, Institute for Immunology,

Faculty of I\ledicine, Kyoto University, 1<}, 0to,
and maintained in Eagle's minimum essential
medium supplemented \\, ith 51-6 heat-in ac-
tivated fetal calf scrum

Untreated cultured cells, or cells treated
with TEN were inoculated with dengue type
2 \, irus (02\; Trinidad 1751 strain) at input
multiplicities of 2 to 5 PIaque-forming units
(FFU) per coll. Sine. anti-d, rigu. antib. dim
are reported to enhance infection of mono-
cytesjmacrophages (Halstead and O'Rourke,
1977; Halstead at a1. , 1977; Brandt at a1. , 1979;
Daughaday at a1. , 1981 ; Halstead, 1981 ; Hotta
at a1. , 1984a; Hotta at a1. , 1984b), in the present
study, cells were infected with 02\I both in

and absence of the infection-the presence

enhancing antibody, (Hotta at a1. , 1984a;
Hotta at a1. , 1984b). After virus adsorption
for 90 min, the cells wei. e washed with Hanks'
balanced salt solution and refed witlT the

coinplcte medium. Portions of the culture
fluids were removed every day thereafter, and
stored at -80 C for titration of vii. al in-

fectivity
Antibody-mediated and unmediated 02\I

multiplication in cultured ITUman monocytes
was effectiveby, supplessed by treatment of the
cells witl\ either human IFN-(I or human

IFN-, 3 for 22 h before 02V inoculation

TABI, r I. Effect of hi, "!un IFN o71 02U 111u/tip/itonon in ci, /INi'ed 111,771n" fellj>heI'a/ blood
"10nocj, 183"

IFN

None

IFN-, I

IFN-, 3

Concn

(IU/n. I)

" Cultured human monocytes \\. ere pretreated with IFN for 22 h and infected \Tith 02\I in the presence
or absence of infection-enhancing anti-dengue ailtibody (Hotta at a1. , 1984a ; Hotta at a1. , 1984b). Maxi-
multi virus yields in their culture fluids were measured and are sho\^n in PFUlml

b Numbers in parentheses indicate itercentages of \, Irus vield in the Lintreated control

10

10:1

I, 000

10

100

1,000
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Virus yield after inoculation \\. Ith

02V + antibod\.

1.4x10' (100)

1.0x10' ( 7.1)

1.7x10'( 1.2)

3.5x10' ( 0.2)

17X10" (11 ,,

1.9 x i0. ( 1.3)

5.0xiO' ( 0. +)

11:1<EN loonNAi. \J01.27 No. + 198+

02\; alone

11x10" (100)"

1.0"" ( 9.1,

5 ( 0.5)

<5 (<05)

1.6xi0: (I+. 5)

1.5x10' ( 1.3)

<5 (<05)



TAN, u 2. Wect of the 11nie of odd^^Ib, I o1
IFN nild the Ie"uth o11FN lied!?, lent o11 02,
MINItijificntio?I in culti, ,'ed hill, Jan peripheral
blood 1110nocytes"

Expt
no

Time of IFN
treatment

-72 h to -48 h

-48 h to -2+h

Oh-24 h to

-6h to Oh

Oh-24 h to

+2 h to +28 h

+8 h to +28 h

2

Suppressioi\ ratio"

IFN-,;

" Cultured human monocvtes were treated with

human IFN (100 IUlml) at various times of in-
rection for \. arious periods, and were in DCulated

\^ith 02V in the presence of infection-enhancing

anti-dengue antibody IHotta at a1. , 1984a ; I{otta
at a1. , 1984b)

" Suppression ratio
Virus \, ield in IFN-treated cultures

V!rus \. 1.1d in untreated control cultures

XIOO

Virus \, leids in the Lintreated control cultures

**ere 5.6110' PFUjml and 1.4xlO' PFUjml in

Expt. I and Expt. 2, respective I\
" Not tested

IFN-n

5.1

+. s

1.3

3.8

2.2

26. O

28.0

TABI. E 3. Eyecl of 1,101, se IFAl on 02, ,, 1111-
lipticOlio71 111 ci, /ti, red 7110/1se lilacrophnges

6.9

4.5

1.3

8.4

NT,

NT

NT

IFN"

(IUjml)

None

10

100

1,000

PerltOneal

macrophages'

I .I x 10" (100) of

6.4x10' (582)

2.4x10' (218)

4.0x10' ( 3.6)

<10 (<10)

('I', bl. I). Th, anppre^^i, * "Herts of th.
IFNs were dose-dependent, and doses of
100 IUlml reduced virus production to about
I % of that in untreated controls. Recoinbi-
nant IFN-n^vas as effective as ordinary IFN-
13 in suppressing 02\; multiplication in thc
nlonocytes

Thc antiviral state of IFi\;-treated human

monocytes was rather stable, decreasing slowly
in 48h alter rein. ,, I of IFN (T^bit 2)
This stability might be related to the fact that
human blood monocytes arc not proliferating
colts Gun Fu"th at a1. , 1980). Thts st"billt},
is consistent with the finding that the IFN-
mediated anttviral state could be maintained

for several days in non-growing chick cells
after removal of IFN (Isaacs and Westwood,
1959; Stewart, 1981). On the other hand,

PFUjml"

" Cultured mouse niacrophages \\ere treated with
mouse IFN for 22 h before 02V inoculatioi,

" Virus vields in culture fluids 2 davs after infoc-
tion

" Mouse perltoneal macrophages were treated \\ith
pHA (10 I, gjml) to, 3 day's befo, e 02V ino"uja-
tion

it Numbers In parentheses indicate itercentages of
the \. ITLis \. leid in the untreated control.

" Not tested

Minl

1.4 XI0' (100)
NT'

1.7X10' (11 ,,

1.8xi0" ( 1.3)

3.6x10' ( 0.2)

TARi, u 4. COM1pnJ'1301i of 311p/>lessi?, e atecls
of hu?,!on IFN a"d 7/10/13e IFN on 02,7111/1-
tipfiCQ!10n

IFN

preparation"

Human IFN

Mouse IFN

" CLIltured cells (human monocytes or Mini) \\ ere
treated \\ith human IFN-, I (100 IU!inI) or mouse
IFN (100 IU!inI) f0" 22 h befo, e 02V ino. ul"tion

" Suppression ratio
Virus yield in IFN-treated cultures

Virus \. Ield in untreated control cultures

x 100.

Virus vields in the Lintreated control cultures of

human inni, ocytes and Minl cells 2 day's after
infection \\ere 5.6xlO' PFU/inI and 1.4x105
PFUjml, respecti\. ely

Human
monocv tes

Suppression ratio"

1.3

94.6

Allml

(mouse)

47.3

1.3

the antiviral state was incomplete when IFN
was added after 02\I inoculation (Table 2).

Suppressive effects of IFN on 02\I multi-
PIication \\, ere also observed in in urine sys-
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terns ; mouse IFN suppressed virus production
in cultures of both mouse perltoneal macro-
phage^ and Minl (Table 3), and the dos. -
dependent suppressions were coinparable with
those observed in the human system
NIOuse IFN was not effective in the human

system and t!ice 71ersn (Table 4).
The present results showed that IFN in-

duced suppression of 02\I multiplication in
cultured monocyteslmacrophages. For clini-
cal use in prevention of aggravation of human
dengue large amounts of IFN are needed and
genetically recombinant IFNs should be useful
for this purpose, if they have sufficient antiviral
effects. We found that recombinant human

leukocyte A IFN exerted the same extent of
suppression as ordinary human fibroblast
IFN on 02\I multiplication in human mono-

cytes.
IFN production in cultured green monkey

kidney cells by dengue virus Itself was re-
po"ted (Russell at a1. , 1966). If endogenous
IFN can be induced by the virus in patients
with dengue, the time and dosage of exogenous
IFN administered in vivo trials should be

carefully determined. 'These factors are now
under' investigation.
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