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FACTOR DETERlvllNli. -:G THE ANTIGENIC TYPE OF INTERFERONS

PRODUCED IN Hui\TAN LYl\IPHOBLASTOID CELL LINES

HIDEKAzu ATA'I'SUOKA, 11RO INiANiSHii SHOK0 I-10sHiNO
and TSUNATAR0 1<1SHIDA

I)CPUrtment of itIicrohiology, 1<\o10 I'refccttial Uni\ crsity of A, I'dicinc, 1<n\\tiniin, ichi-nito-
1<0ji, 1<:1mik}. 0-kLi, 1<1 0t0 602, In palt

(Re""hed July 20,1984)

UMAIAi^' 'I'he factor that <1ctcrinincs thc antigcnic typc of IFN 11roduccd in
hunTaiT lymphoblastoid ccll lines \\, as exaniinccl using live Sendai \, irus, tiltra-
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violet (U\')-irradiatcd virus, HANA spikes exposed on L cells PCrsistcntly, infected
witlt Sendai virus (L-H\'I) and poly-inosinic acid poly-c}, tidylic acid (poly, I : C)
\\!hen Sendai virus \\, as iiradiatcd \\, ith UV-light foi' 300 sec, its abilities to infect
chicken eggs and induce IFN were diminished, but its HA activit\, was uriaf{ectcd.
HANA spikes exposed o1t L-H\;I could not induce IF}*; in ITUman lymphoblastoid
cull lines, althouglT the^ inducecl IFN in mouse spleen cclls. 'Fhcsc results suggest
that thc induction of IFN in ITUinan lymphoblastoid cclls is closely ^clatccl to \, iral
nucleic acid. I'o1y I: C also induced IFN in some human lymphoblastoid cull
lines in \\, hiclT IFN production is inducecl by Scndai virus. The antigcnic typcs
of IF:*! induced by poly I: C were the same as those induccd by Sendai virus
T'hesc rcsults suggest that thc antigenic type of IFN PTOduccd depends on thc
nattirc of the IFi*! PI. oducer cells rather than on the kind of IFN inducer.

IN'I'ROD UC'1'10\

Virus-inducecl interferons ill c of two antigenic
Iypcs, rt and , (Havell and \'116ck, 1972)
'I'he ,I type is generally produced in lymphoid
colts info. t"d by vi"us (Canton or "I. , 1981),
while the ,3 t}, pe is mainl\, produced in fibro-
blasts treatcd witl\ poly I : C (Cantcll and
HITvoncn, 1978). \\'e studied the production
of IF>;s by, \, arious human lymphoblastoid
cell lines and determined their antigenic types
Results showed that all the human T' Ivm-

I To \\horn requests for reprints should be ad-
drcsscd

phoblastoitl cell 11ncs us CLI produced only
HUIFi*;-,;, whereas ITUman I\on-'r and non-B
lymphoblastoid cell lines produced HUTFN-, I
and HUIFN-, 3, but that of the three kinds of
human B lymphoblastoid cell lines, the first
produced only HUIFi\;-n, thc second, on Iv
HUIFN-,; and the third, HUIF\-, I and
H"IFN-,; (jinani, hi "t a1. , 1982). It ^""mad

the factor(s) thatInteresting to examine

determined thc antigenic type of IF>; pro-
duced in human I\. inphobiastoid cell lines.
Previ. us Iy (Tmani*hi at ,I. , 1982), w* fonnd
no correlation betwccn the antitrcnic t}, pe of
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IFN produced and various cell surface markers
of human lymphoblastoid cells

In this study, using several different In-
ducers, we examined whether the antigenic
types of IFNs are determined by the kind of
inducer or by the nature of the producer cells.

MATERIALS AND IVIETHODS

I . Cells

For studies on induction of IFN, the following
cell lines were used: RFi\118402 and CCRF-CEA, I
cells established from patients \\. InT acute lympho-
blastic leukemia as T celllines; B35iVl and DC-75,
Burkitt's lymphoma, BALL-I, acute lymphoblastic
leukemia, ARH-77, rutiltiple in}, eloma and RPNll
6410, normal B lymphoblastoid cells as B cell
lines ; NALA, I-16, acute lymphoblastic leukemia
cells as a non-T, non-B cell line. Tite character-
is tics of these cell lines \\. ere described in detail

elsewhere (jinanishi at a1. , 1982). These cells were
and maintained in RPN11 1640 mediumgro\\, n

supplemented \\, itIT 1096 mixed fetal bo\, Ine serum
(EBS) and c"If se, urn (CS) and 100 Ujml peni. illin
Human aimnion FL cells gro^. n and maintained

essential mediuin (IVIEA, I)in Eagle's
supplententcd winT 59, CS \\. ere used for IFN
assay and propagation of \, CSictilar stomatitis \, irus
(vsv)

A{urine L cells grown and maintained in the same
medium as FL cells \\. ere used as IFN Inducer cells

persistently infected witlt Sendai \, Irus

method of Cantell and Hitvonen (1978). Its specific
activity \\. as more than 10' IU!ing protein

Human fibroblast interferon (HUIFN-, 3), 1<1ndl\,
provided by Dr. A, I. Nohuhara, Research Labora-
tory of Cell Science, Mochida Pharmaceutical Co. ,
Tokyo, Japan, \\, as produced in hLinTan fibroblasts
treated \\. ith poly-inosinic acid poly-cytidylic acid
(poly I : C) ,ind partially purified by the method of
Carter and HOTosze\\icz (1980). Its specific ac-
tivity was 3 XIO' IUjmg protein

+. Hill, '-fliteJfero, I sei'd
Anti-HUIFN-n serum \\ as obtained front rabbits

irumunized \\. ith HUIFN-, I produced In BALL-I
cells. At 320-fold dilution, this antiserum neu-
tralized 500 IU of HuiFN-, I completely

Anti-HUIFN-, 3 serum was kindly supplied by,
Dr. S. 1<0bayashi, Basic ResentclT Laboratories,
Torny Industries, Inc. , 1< am akura, Japan. At
1280-fold dilution, this antiserum neutralized 500 IU
of HuiFN-, 3 completely
stored at -80 C

minintunt

2. F1iiises

Tite Nagoyti rind Nagat, I str, 111Ts of Sendai \Irus,
1<1ndly provided by Dr. Y. Ito, National InstitLite
of Health, To1<yo, Japan, \\, ere propagated in 10-day-
old embryonated chicken eggs at 37 C and 32 C,
respectively. The Nagoya strain was Lised for
IFN induction. The Nagata strain, temperature-
sensitive nTutant (Nagata at a1. , 1972), \\. as Lised for
persistent infection of L cells.

The Ne\\, Jersey strain of \!S\I \\, as I>ropagatcd
in F1, cells and used as challenge \, irus in IFN

assays

5. IFN 111d, ,ctioii by Selldai wills alld 1,111'a"foiet-
ill nthdted Selldo! try, ,S

Human lymphoblastoid cells \\, ere suspended in
RPN11 1640 supplemented wit1, 51ti FBS at a
density of I xiO' cellslml and infected \\, itIT 500

The culture Huid \\, asHAjml of original activity
harvested after incubation for 24 h at 37 C in

at humidified atmosphere of S'h Co. in air and Ir-
radiated \\, itIT UV-light for 2 h to in activate the
residual inducing \, irus

6. JPN I'lldi, cti'o11 by poly I: C

Poly I: C \\"s purchased from Yantasit ShoyLi Co. ,
Choshi, Japan. HLiman lymphoblastoid cells were
adjusted to a density of I or 5xlO' cellslml and
treated \\, nit 100 jigjntl of poly I: C in the presence
of 100 I, gjml of DEAE-dextran at 37 C f0,4 h
Tl, e cells \\, ere washed \\, ith serum-free RPM1 1640
and incubated in RPN11 1640 supplemented \\. Ith

5, b FBS at 37 C. Tite supernatant \\, as itat vested
24 h later

3. fliteifei'o113

Human leukocyte IFN (HuiFN-, I(Le)) \\, as pre-
pared in ITUman peripheral blood Ieukoc}, tes Infected
\\'itIT Sendai \'irus and partially purified by the

These antisera \\, CTC
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7. Es!ub/!VinJei, I of 1111/1/11e L cells pel'$131,111!y 111-
Iected 7,111i Selldtti' '11/1s

L cells \\, ere infected \\, itit the Nagata strain of
Sendai \, irus at 100 multiplicity of infection (inoi)
at 37 C for 2 h by the method of Nagata at all
(1972). The Sendai \. irus-adsorbed L cells \\. ere
thorouglily \\, ashed \\, illT physiological saline, and



Eagle's IVIE\, I contnining IPI CS \\, as added to tite
L cell cultLire. TITe L cells persistently infected
\\'itIT Sendai virus (L-HVJ) were subcultured in
Eagle's it'IEA, I containing S'h CS 24 h after incuba-
tioit at 37 C

8. IFA, assay

IFN activity \\"s assayed by a in odincatioit of tile
dye-uptnke ritethod described by Imanishi er all
using FL .elk and \ISV (1981). FL .. its (6 XIO'
cells) were added to wells of a ITTicroplate containing
serial t\\. 0-fold dilutions of IFN and incubated at

37 C in a iturnidificd atmosphere of 5?' Co. in
tilt for 18 h. Tltcn 10 to 50 TclD, , of \, S\! \\, as
added to areit \\, ell. After incubation at 37 C for

18 h, the cells were stnined wit11 0.05j, ncutral red
solutioit at 37 C for 2 h, and then \\. ashed \\ill\
saline. Tit" dye taken Lip I, y living cells was

clutcd \\it11 So'l, etlianol in 0.05 M sodiuitt pitos-
11hatc solution, and the optical del, sity of eaclt \\. cll
was riteasured in a Titer tel< 1.1ultisl<an (Flow I, "-
botatorics, USA) tit 546 rim. Tite reciprocal of
lite IF\I concentration titat reduced tlte optical
dunsity I^, 501" \\,:is expressed as laboratory IFN
units, and \'"ILies were calibrated against titosc witli
ill. international reference preparation (code 1,169)
and expressed in terms of intent:it10nal units (IU)

o1. direct anti\. iral assay, (Havell and \lireck. 1972)
Lising FL cells rind VsV as challenge \. irus. Nantely,
500 IUjml of IFN was mixed witlT anti-HUIFN-n

or -,; serum, \\, hich could completely neutralize
HUTFN-it or -, 3 at a ratio of I: I. The nilxtures
were incLibated at 37 C for I h, and titen residunl

IFN tictivity \\. as assayed us described above

9. Dei, ,,, 1/1/'110, I of o1/11/4e, lit' Iyp, s of InV

Antigenic types of IFNs \\. ere determined bv
netitralizntion of IFN \\, itit tinti-HuiFN-, I :Ind

HUIFN- a. TITe neutralization method was based

10. Up-!'rrn, flailo, !

Tite Nagoya strain of Sendai \. irus \\ as partialI\.
purified by centrifugation at 8,000 rpm for. 2 h
and the pellet wits resuspended in PRS(-). A
sample of 21til of virus solutioil (5,000 HAlml) \\as
placed in a 60-mm plastic disl\ and it radiated from
a 15 \\' germicidal lamp (Toshiba Electric Co. ,
Tokyo) at a distance or 13.5 citt front the UV-Iigltt

T, \ni. I: I.

SDU rce

IFA1 171di, cti'ON ill hu"!inI 4, ?}!phob/astoi'd cells by Up-17.7ndrnted Sendm' un. us

RESUl, TS

BALl, -I

RPM1 6410

CCRF-CEM

RPM1 8402

,I, '113

IFA; 111dtict!'oil b\, Up-11'I'dof^^/ed Se"da!

UV-ITradiated Sendai virus was rcportcd to
have decreased infectivity, but to maintain
HA activity and induce IFN in mouse spleen
colts (It. at a1. , 1974; It. er a1. , 1978). T'hist
results suggest that not only viral nucleic
acid but also HA spikes on the Sendai vii. us
have ability to induce IFN. To examine the
possibility that IFN induced by viral nucleic
acic! is different from that induced by HA

HA

Infectivity" to eggs

" UV-ITradiated \'Irus \\. as inoculated into 10-dav-old chicl<en embryonated e s and incubated at 37 C f
3 days. The chorioallantoic fluid \\. as collected and its HA activity was determined. + and -, resen e
and absence of I{A activit\

" Values are average IF\' titers in 3 separate experiments
" Not detectable

o

1,408h

887

745

2,018

15

IFN "ctiviky. (IUjml)

T'jine of UV-irradiation (sec)
60 300

1,791

591

430

1,727

320

+

482

132

51

1,402

320

+

ND,

ND

ND

ND

320

1,800

ND

ND

ND

ND

A'IATsuoKA, I~I. at a1.41/11k, 111'c flipe$ of IJ, ,, tollob/aslo, 'of IfN

320

3,600

ND

ND

ND

ND

ND

ND
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spikes, we examined the induction of IFN by
UV-ITradiated Sendai virus in human Iym-
phDblastoid cell lines

Partially, purified Sendai \, irus was U\7-
ITradiated for 15 to 300 sec and then its Induc-

tion of IFN in the human lymphoblastoid cell
lines BALL-I cell, RPNIT 6410 cell, CCRF-
CEA, I cell and RPN11 8402 cell were examined
Sendai \, irus ITradiated with UV-light for 15
and 60 sec induced IFN in all these cell lines,

although its inductive effect decreased w!th
increase in the dose of UV-irradiation. After
irradiation for more than 300 sec, Sendai \, ITUs
induced no IFN. Furthei. more, decrease in
IFN induction was parallel with decrease in
infectivity by Sendai \, irus (Table I). How-
ever, the }IA activity of the Sendai \, 11'us was
maintained for the first 300 sec of iri. adjation

These results suggest that the nucleic acid was
closely related to the induction of IFN in
human lymphoblastoid cell lines, whereas the
surface glycoprotein of Sendai virus had no
ability to induce IFi*;. Therefore, the anti-
genic type of IFN produced in human Iym-
phoblastoid cell lines clid not seem to be
determined by the 1< ind of inducer.

2. IFA; 111dwct!'0" ill L cells persist errtb, I"-
IeC/ed 70/1/1 Sendm' "JIMs

L-HVJ was dispersed into the \\, ells of a
multiwell plate and incubated at 37 C for 2
days, and then L-H\71 was addcd and in-
cubation was continued at 32 C for 24 h
The existence of HANA spikes on the surface
of L-HVJ was confirmed by a hemadsoi. ption

Inocula of 10" human lymphoblastoid
cells were added to the L-HVJ monolayer
CLIlturcs and incubation was continued at 37 C
for 18 h, and then the cultui. e fluid was I}ar-
vested for IFN assay. As positive controls,
mouse spleen cells were cocultured with L
cells or L-H\;I cells, instead of human Iym-
phoblastoid cells, because Ito et a1. (1978)
reported that L-HVj induced IFN in mouse
spleen cells. The results showed that L-HVJ
could not induce IFN in any of the human
lymphoblastoid cell lines, but it induced

TABI, E 2. IFN illdi, cti'o72 112 IZUMIn, I 41nipho-
blastoz'd cells cocu/tm. ed toilh L cells peltiste, :I-
Iy infected FCi'Ih Sendn, till'Ms"

RPN11 8402

BALL-I

DC-75

ARH-77

RPM164iO

NAl, M-16

Cell line

C3H in o1Jse spleen cells"

C3H mouse spleen cells + L cellsh

" Human lymphoblastoid cells (IxlO" cellsjml)
\\'ere CDCultured \\. ith L cells persistently infected
\\ith Sendai \irus at 37 C o\, ernight. Culture

fluid \\. as assayed for. IFN activitv using FL cells
and VsV

b C3H mouse spleen cells (Ix 10' cells/in I) \\. ere
cocultured \\'ith L cells persistently infected \\. Ith
Sendai \. irus or L cell monola\. ers, at 37 C over-

night, as a POSiti\'e control. Culture fluid \\ as
assa\, ed for IFN activit\. using L cells and VsV

" Not detectable

test

IFN
acti\'Itv

(IUjml)

ND"

\D

ND

ND

ND

ND

inurine IFN in mouse spleen cells (Table 2)
Only low IFN activity was detected when L
cells were cocultured with spleen cells. These
results suggested that HANA spikes did not
induce IFN in human lymphoblastoid cell
lines, but that they could induce IFN in
mouse spleen cells, because higher IFN \\, as
produced by cocultivation of spleen cells with
L-HVj cells than with L cells. In this ex-

we could not find a factor thatperlment,
determines the antigenic type of IFN PTO-
duced in human Iympl\oblastoid ccll lines.

3. IFAI I'Md"cti'on of poly I. C
The above results suggested that the vlI'al

component causing IFN induction in human
lymphoblastoid cells may be viral RNA, but
nor \, ITal glycoproteins or FTANA spikes, and
that the same viral components may be es-
sential for induction of HUIFN-rr and HUTFN-

460

14
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TABI. E 3. IFN induction 171 hi, ??inn bumpho-
binstoi'd cell 11nes by poly I. . C reini DBAE-
dext?'o11"

Cell line

NAT, IVi-16

,\RH-77

BALL-I

B35Ni

DC-75

RPNi16+10

CCRF-CEM

RPM1 8402

IFN astirity. (IUjml)

I xiO" c. lis/inI 5 x 10' cell*/in I

319 252

112 35

68 N'I'"

ND" ND

ND ND

111 511

ND NT'

ND NT

" }Iuman lymphoblastoid cells \\ere adjusted to a
density of I or 5 XIO' cellslml. and treated \\. ith
100 I, gjml of poly I : C and DEAF-dext, an fo,
+ h. The cells were then \\. ashed and incubated

in RPM1 1640 containing S% FBS. The culture
fluid \\, as hatr\. ested 24 h later

h Not detectable

" Not tested

viral component, \\, c examined IF:*; produc-
tion b\, poly I: C in these cells. Induction of
IFN in ITUman lymphoblastoid cells by, poly
I : C was consider abl\, less than that by Sendai

Human lymphoblastoid cells, which
produced IFi\; on induction with Sendai virus,
did not always produce IFi*; on induction
with poly I : C ; e. g. , human T lymphoblastoid
cells, RPi\118402 and CCRF-CEA, I cells, did
not produce IFN on induction with poly I: C
at all, although the}, produced IFN on in-
duction with Sendai virus. However, some
human B lymphoblastoid cells and one non-'I',
non-B lymphoblastoid cell line produced low
activity of IFN \\, ith poly I : C, as shown in
Table 3. T'hcsc results indicate that not only
the nature of the producer cells, but also the
kind of IFN inducer determines whether IFi\;

is PIOduced in human lymphoblastoid ccll
lines

virus

, in these cells. To determine whethei. both
HUIFN-, I and HUTFN- a can be produced in
response to an inducing agent other titan the

TABI, E 4. Antigenic types of IFN litdi, ced by 1,011, I. . C"

Cell line

NAl, M-16

ARH-77

(. on. )'

RPM16+10

BALL-I

(con. )

Original
IFN

activitv

(IUjml)

4. '41/11^e"/'c fir>er of IFA1 17th, ccd by I>o1v
I. . C

The antigenic types of IFN induced by poly
I : C in various lymphoblastoid cell lines,
determined by, the neutralization test as dc-

Activity of poly I : C-induced IFN after
neutralization \\. ith antisera (IU/in I)

anti-IFN -, I
anti-IFN-.;

+ anti-IFN-,;

ND

Human
Ieukocvtes

Human
fibroblasts

306

" Human lymphoblastoid IFN was mixed \\. ith anti-HuiFN-, I or - ; serum and in b, t d , t 37 C f I h
The residual activity. of IFN \\ as assayed by microassay as described in the text

" Not detectable

" Human Iy, tiphoblastoid IFN was concentrated in a collodion bag \\. hen its activ't , w I

284

anti-IFN-ti

383

292

46

105

320

NDh

548

ND

229

ND

336

180

720

171

r\ntigenic
tvpe

ND

258

ND

ND

ND

Antigenic
type of IFN
induced bv

Sendai \. Irus

rr, p
,

ND

". 1'

ND

,I

A'I. \TSi!OK, \, I~I. CT nl. Airily"111'c 11, prt of Ij, "iphob/ns/nit/ IFN

,I

', 1'

", 1'

,I

,!

.,

fl

it

17
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scribed in Materials and IVlethods were coin-

pared with those induced witlt Sendai virus.
The results are summarized in Table +
ARH-77 and NALM-16 cells, which produced
HUTFN-rr and HUTFN-, on induction with
Sendai virus, also produced these types of
IFN on induction with poly I: C. BALL-I
and RFA, 11 6410 cells, which produced only
HUTFN-tt on induction with Sendai virus,

also produced only HUTFN-rr with poly I: C.
These data indicate that both HUIFN-, I and

HUTFN-, can be induced with poly I: C, and
that the antigenic types of IFN induced by
poly I: C are the same as those induced by
Sendai virus. Thus the nature of the producer
cells, rather than the kind of IFN inducer,
seems to determine the antigenic type of IFN
PIOduced by human lymphoblastoid cells

fectivity of chicken eggs was lost while its
HA activity was still maintained, and that
HANA spikes exposed on mouse L cells per-
SIStently infected with Sendai virus could not
induce IFN in human lymphoblastoid cell
lines. Thus only viral nucleic acid is related to
IFN induction in human lymphoblastoid cells,
and other viral components are not. These
data do not show what determines the anti-

genic type of IFN produced in ITUman Iym-
phobiastoid cell lines. Therefore, we LISed
poly I: C for IFN induction in human Iym-
phDblastoid cells instead of Sendai virus,
because the IFN induced in human fibroblasts

by poly I: C is different from that induced
by paramyxoviruses Including Sendai virus
and Newcastle disease virus (A10zes and Vileek,
1978). The human lymphoblastoid cells that
produced IFN on induction with poly I : C
were not the same as those that produced
IFN on induction with Sendai virus. How-

ever, the antigenic types of IFN Induced by
poly I: C were the same as those induced by
Sendai \, irus in human lymphoblastoid cell
lines. This means that the nature of the

IFN producer cells was more closely related
to determination of the antigenic types of IFN
produced in ITUman lymphoblastoid cell lines
than the kind of IFN inducer.

DISCUSSION

There have been no studies on factors that

determine the antigenic type of IFN produced,
but Havell at al. reported that the antigenic
type of IFN produced by human fibroblasts
seems to depend on the nature of the IFN
inch. er (Hardl at a1. , 1978). Thus it I^

of viruspossible that a certain component
induced one antigenic type of IFN and an-
other component induced another' antigenic
type. On the basis of this hypothesis we
examined whether HANA spikes or nucleic
acids of Sendai virus determine the antigenic
type of IFN produced in human lympho-
blastoid cell lines. Results showed that after

showed de-UV-irradiation, Sendai
creased ability to induce IFN when its In-
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