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Abstract

The fundamental study on the mterleron

(IFNY production in bovine peripheral

lvmphocyies was carried out by plaque reduction method in MDBK cells using ve-

stcular stomatitis virus VSV,

by stimulation with 3 1FN inducers (Con A,

IEN was induced in bovine lymphocyte cultures

PIIA and OK — 432). Con A was the

most elfective out of the three, The PN titer had reachd a maximum level at live

days ineubation in 1x 107 cells - of lymohoeyte culture stimulated with 25/ of

Con A, Con A induced TN was characterized by the pH and temperature stabilities,

[t was unstable at pH 2,0 and 56 C compared with the relative stabilities of Newcastle

[Hapase virns (NDV) induced 1IN,
helerologous activity, whereas NV

1t was speculated thal Con A

Moreover, Con A

mduced TFN was so called immune

induced [I'N showed no

indaced TN had a little, 'rom these resulls,

IFN ¢y IFN),

As the resull of kineties of TI'N production and blastogenesis, there was a relation

between [FN production azd the hlastogene aetvity ol lvmphoeytes,

Key words

Introduction

Sinee interferon (TFNJwas first demaonstrated
pv MNagano et al | 1 and lsaacs and Lindermann
[ 2], anumber of studies on the propecty of 119N
have boen made,

[t has been recopnized that, accordine o the
inducer and the cellular source of 1FN, Lhere are
threetypes ul IPNg ([P @, IPN 5, [FX
7+ that can be produced by mammealian cells,
Production of 1N @ (leukoeyvte IFNG amd TFEXN

A (fibroblast THN) can be induced by o varely
of agents but TFN 7 1s generated only when

"Neterinary Hogpital,

“DPepartment al Veterinary

interferon, cow, peripheral lvmphoeytes,

[vmphoid cells are stimulated by antigens or T
cell mitogens [ 3. 4],

IFN was discovered by virtue ol ite direct an-
tiviral activity and subsequent experiments have
conlirmed that TN eontributes to the antiviral
defense mechanism by inducing an antiviral state
meells and tssues, In faet, this mav be the major
role of the [FN @ and 1IN

sousually induced by virus infecton,

A whose svnthesis

However, INF 7 certainly can exert an antiviral
activity on cells as a part of the lunction of the
Ivmphokine produced by antigen-or mitogen -

sensitized T lvmphoevie, Including this anliviral
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activity, IFN 7 has three valuable properties :
antiviral, immunomaodulatory and antiproliferative
effects [ 5] . On the other hand, TFN 7 has some
differences in its phvsico-chemical characleristics
@ and [FN

to be relatively unstable at pIl 2, 0 and 56 C [§] .

compared to [FXN 4 ; it was shown
Recently, a variety of animal species has been
found to produee TN, In human and mouse
(IFN 71 4as
well as other tvpes of [FN production have been
[ 7. 8. 9. 10].
a few studies have been made on the
induced ITFN |11, 12],

whereas a number of studies have been desceribed

systems, mitogen-induced [FN

well documented
In eattle,

production of mitogen

about other types of bovine IFN,

The purpose in the present study was Lo estab-
lish the experimental conditions for the production
and the assav ol [N titer induced hy mitogens in
pitra, and to compare the [N production with

the blastogenie activity

i the bovine peripheral

I[ymphoeyte cultures stimulated with moitogens,
Materials and Methods

Blood samples -

Blood were obtained by caundal venepuneture
from 14 healthy Tolstein cows af 2 1o 10 years
old, raised on the larm of Obihireo University,
They were all in on milking period during the
experimental periad, The heparinized blood was
diluted 1@ | with phosphate buffered sahne (PRS,
pl17.2) and layered over Ficoll Conray solution

(specific gravily 1, 077 g < en al 250°C, Ficoll ;
Pharmacia, Sweden, Conray : Daiichi Pharm,
Japan) i the 10nf glass tube, After the centrifu-
the

monontclear cell layer was aspirated. The cell

gation of the tube at 200g for 30minutes,

times with 'BS and twice with
CRPAMT 1640 contained 10%

The cells were resupended in

were washed 3
the culture moedinm
fetal ealf serum),

the medium and examined [or lymphocyle re-
covery rale, purily and viability, In this experi-
ment, the mean recovery rete was about 7h%, the

lymyphoeyte population was more than 95% pure

0
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and there were more than 38% viable cells by
trypan blue dye exclusion test,

[FN inducers :

Three mitogens were used for IFN inducers ;
Phyviohaemagglutinin P (PI1A P, Sigma, USA),
(Con A, Sigma, USA})
(OK — 432,

Pharm, «Japan), Bach mitogen was reconstituled

Concanavalin A and a

Streptacocenl preparation (Chugal
with ster:le PBS and divided into small aliquots
and stored at 80°C until used,
lymphocyte culture :

(hne mulliliter of lymphoeyte suspension con-
taining varving nuniber of cells and 100 of TI°N
inducers were poured o each well of 12 wells

plastic plates  (lambro, USA), This plate was

incubated at 37°C in & % humidified carbon di-
axide (C0, 0 e the air for varying periads, After
the ineubation for the lixed time, culture fluids
woere harvested and centrifuged at 400 g for 10
minutes, The supernatant fluid were slored at
80 C until the assay for [I'N activity,
Preparation of bovine tibroblast IFN :
Neweastle digease virus (NDV) -indueed TN
Wil })]'[‘|w£ll['t| .‘LL‘('(nI‘(ling tor the method of Kono
13 ¢ bovine testieles were collected aseplically
from neonatal ealves at Tokachr slaughler house,
Aier trvpsization of the testicles, the cells were

wpared. The monolayer eultures were allowed

% Haple's
(EMEM)Y for TEN

praduction. After the incubation for 72 hours at

o grow in 0w ol culture bottles with

minimim essential medium

A7C, the cullures were washed with Hanlk's bal-
anced salt solution (HBSS) and meculated with
boplu o cell of NDV (prown in [Odays old cm-
brvopated cees), Alwer one hour, the inoculum
waes washed 3 Uimes with THBSS and replaced by
EMNEN]

ENLEM)

i,

comaining b P fetal call serum (2 %

The culture fluid was centmfuged at

3. oo PR for 20 munutes, and the supernatant
[uid was callected, Salting out in 80% saturated
solation wls (N oy 50, centmfuged as 12, 000
rpme Tor A enutes, the sediment was resuspended

m 20mf of PR, The (loid was dialyzed against
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0. 06M glyeine-1ICI buffer (pIl 2, 0) containing
0. 1M NaCI at 4 C for 24 hours, and then redia-
lyzed against PBS al 4 °C for 24 hours, The fluid
was ultracenterifuged at 100, 000 g for 2 hours
at 4°C, and the supernatant was stored at —80°C
until used,

Assay for IFN

IFN assay was performed by the plaque reduc-
tion method in MDBAK cells (Flow Laboratories
USA) using stomalitls  virus
(VAV) [14]. MDBA

cells were cultured in 12 —wells multiplates with

Inc., vesicular

as Lhe challenge virus
Ham’s F - 12 medium (Flow Lahoratories Inc,,

USA) contained 10% fetal calf serum (10% Ham's
F-12), Serial three lold dilutions of TFN samples
12 and 1 mf of each
dilution was added to triplicate cultures of MDBK

were mede in | % Ham's F

cells,
After incubation for 24 hours, the cultures were
washed with TIBSS and inoculated with approx

imately 50 plaques of VSV, One hour later, the

cullures were overlaid with 1mf of 1% [lam’s
F 12 containing 1 % methyleellulose,  Aflter

reincubation [or 48 hours, the wells were rinsed
and fixed with 5 % formaol PBS and stained with
0. 1% crystal violet solution, IFN titers were calew
lated as a reciprocal of the dilution causing 50%
reduction in the number of plagues,

Characterization of INF :

Characterization of INIF produced in lympho-
eyte cultures hy stimulation with Con A was per-
[ormed by the [ollowing treatments,

Trypsin ; 10mf of 1I'N sample was incubated in
the presence of 0, bmg ~'mf trypsin (Sigma, USA)
for one hour at 37°C, and then 0, 26mg.~ mf ol try-
psin inhibitor from soybean (Sigma, USA) was
added Lo inhibit the residual trypsin actvity,

Centrifugation ; An aliquot of TFN sample was
ultracentrifuged at 100, 000 g at 100, 000 g for 2
hours at 4 °C, and the supernatant fluid was col-
lected,

Acidification ; Five mé of IFN sample was dia-
lyzed against 0, 06M glyeine-11CT buffer (pi 2, 0)
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containing o, 1M NaCT at 4 °C for 24 hours, and
then redialyzed against PBS at 4 °C for 24hours,
Heating ; Five mf of IFN sample was heated al
56°C in a water bath for one hour,
Heterogeneous activity : the heterogencous ac-
tivity of IFN samples were examined by titration
of antiviral aclivily in murine fibroblast cell cul-
(L.—929),
Glucose consumption test :

lures

The glucose concentration of the cullure fluid
was determined by using a commercial kit (3L,

V, Kyokuto, Japan). The blastogenic activity
of lymphocytes was estimated by glucose consu-
mption test as described by Istnkawa and St
RANATA [15], The blastogenic activity of lym
phoevies was expressed by the glucose consump-
tion index (GCI) as follows :

(G medium - (G)mitogen stimulated culture

GCI # 100

(GYmedium —(G)eontrol culture
#((G) ~ glucose concentration
Results

|.Effect of concentration of TFN inducer on [FN
production in boving lymphocyte cultures :

In the first experiment, cach INF inducer
was diluted with RPMI1640 medium in various
concentrations and added to lymphoeyte cul-
tures of 5 x10% cells~mf, then the cultures were
incubated for 4 days. As shown in Fig.| the
significant amount of IFN was produced in
each culture. The dose response curves of IFN
production by stimulation with PHA and Con
A were similar, and dose-dependent each other.
The maximum titrer of IFN were recognized in

lymphoeyte cullures slimulaled with more than
W.0ug mol PHA and with 25 g “mf of Con
A. In contrast. the response of TFN induced by
OK
dose was determined as 20¢ g . mf in PITA, 25
v miin Con A and 10 g 7 mf in OK-432,

respectively,

432 was not dose-dependent. The optimum
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Fig.1 Effect of the concentration of IFN inducers (PHA, Con A and 0K—432) on
INF production in bovine lymphocyte cultures (N=5).

In the following experiment, the production
of IFN stimulated with each optimum dose of
the three inducers was compared in the identi
cal bovine lymphoeyte cultures. As shown in
Table 1 . the titer of TI'N was the highest in the
cultures stimulated with Con A, followed hy
PHA and OK 432, No IFN production was
observed in the control cultures. Therefore,
Con A was the most effective inducer out of the
three, and used as the [FN inducer throughou

the following experiments,

Table 1 Comparison of IFN titers in

bovine

[ymphocyte cultres stimulated with

PHA, Con A and OK - 432

PILA Con A (OK - 432
( 2“;{@*‘#{{) (2opp/m) ( W0y glmt)

85:8 A3.0* 93.0=-34.9  31.4+17.8

+ unils / mf (mean of 5 experiments)

sowilh cullure medinm

Control
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2, Effect of lymphoceytes concentraion on [FN
production :

The lymphacytes were diluted in the eulture
medium to cell concentrationd varying from
5 x10%t0 1x107 cells 7 mf. 1IN production in
lymphocyte cultures were stimulated with 25
g s mbof Con A for 4 days. As shown in Fig.
2. the titer of TFN elevated with the increasing
of the eell concentration, and the highest titer
was observed at 1 x 107 cells“nf. Increasing the
cell concentration of more then 1 x 107 cells .~
m{ may result in much higher production of
IFN. In the present study, however, the lym
phocyte concentration of 1 x 107 cells  mf was

used for considering routine ues,

0 T
G0 T
29 1
g
L
w30 i
il L
204
10
I 1L 3 | 1
8 10 25 50 100
Cell concentration { < 10* cells/ml)

Fig.2 Effect of cell concentration an IFN pro
duction in bovine lymphocte cultures
stimulated with Con A. (N=5)

Kineties of 1FN production and blastogenesis
in the bovine lymphoeyte culture stimulated
with Con A, PHA and OK —432.

The influence ol incubation period on 1N
production were examined daily from | 1o 6
days in the lymphoeyte cultures of 1 x107 cells
S stimulated with 28 ¢ g 2mf of Can A, 2008
of PITA and 104 of OK — 432, respectively.

As shown in Fig. 3, in kinetice of the [FN
production, the titers of [FN by Con A, PHA
and OK 432 were [irst detected after one day
alter the mmeubation and rose rapidly after that.
They reached the maximum levels at 3 days in
OK — 432, 4 days in PHA and 5 days in Con
A stimulated culiure and subsequently declined.
From these results, the [FN samples were
collected al 5 days alter stimulation with Con
A in the following experiments. In Lhe kineties
of blastogenesis (Fig. 1), the glucose con
sumption had increased rapidly in 3 days of
incubation. and mildly alter that. The liters
of ITFN increased almost in parallel with the
glucose consumption of lvmphoeytes stimulated

with Con A.

100 /“\U
00+ Con—A

il /

704 /
504 / -

‘ /_ \)T [A
T

O 132
1 1 1 1 1 1
I 2 3 1 5 6

Incubation time (davs)

TEN titer (units/mly

Fig.3 Effect of cell incubation period on IFN
production in bovine lymphocyte cultures
stimulated with Con A.PHA and OK—432.
(N=5)
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Fig.4 The co—relationship with INF production
and lymphacyte blastogenesis in hovine
lymphocyte cultures stimulated with Con
A. (N=5)

4. Properties of Con A —induced and NDV —in
duced INF's :

The properties ol two types of 1FNs are shown
in Tahle 2. Both 1FNs were nondialyzable, in-
aclivated by trypsin treatment, and not sedi-
mented at 100,000 g . On the other hand, Con A

induced IFN was unstable at pH 2.0, whereas
NDV —induced IFN was relatively stable. The
titer of the former [N retaind only below 4 %
of original titer as compared with 54% of the
titer of the latter IFN. These [FNs were also
shown to differ in their temperature stahilities.
Con A —induced IFN was unstable at 536'C for
60 minutes, though the titer of NDV — induced
[FN maintained 35% of original titer. In helero-
logous activity, Con A —induced IFN was no
effective in protecting murine cells from VSV,

bul NDV —induced IFN was a litte,

SHIBATA «Toshikazu SIHRATIATA

Table2 Properties of Con A induced |IFN and
Newcastle disease virus (NDV) induced

[FN
Relative titers of
[FN (%)

Treatment ————

Con A— NDV-

induced induced

None (original titer) 100 100
Dialyzation (PBS, 1°C, 21hr) a98*  100*
Trypsin (0.5ng / mé, 37°C) <4 <4
Ultra-centifugation( 100,000 g 2 hr) 100 92
Acidification(pH 2.0, 24hr) <4 24
Healing(56°C 1 hr) <4 35

Hetlerogenous activity

(on murine cell, [, —929) =4 i

Virus specificity ( Menngo-virus) 96 98

« relative [FN titer againsl original Liter

Discussion

As the results of this study, the oplimum
conditions to obtain the higher TFN titers in the
bovine peripheral lymphocyle cullures were de-
termined as lollows ;

(@l lymphocyte eoncentration was 1 x107 cells

< mé

(b 25p e “mbol Con A, 204 g ./ mf of PHHA and

10 g wf of OK — 432 was added to cach
culture, respectively.
(€} incubation period of lvmphoeyte culture was
5 days (Con A), 4days (PHA) and 3 days
(OK —432) ,
Luna et al. [12] reported that the IFN produc-

respectively.

tion in response Lo Con A and PHA stimulation
continued to rise for al least three days. In Lhe
present study, however, the kinetics ol 1FN pro-
duction showed that the titer of TFN was still
rising at 72 hours of incubation in the Con A and
PHA simulated lymphoevte cultures and reached
a peak level at 3 days (Fig.3). So, it may
suggest that the incubation period of 5 days is

necessary lor the signilicanl amounts of IFN to
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be obtained. In the present study, though the
significant amounts of [FN were observed in the
mitogen - stimulated  lymphoeyte cultures, the
titers of IFN were consistentiy lower compared
to other types of INF which have been reportrd
in cattle [ 12, 13, 16]. The difference of these activi-
ties might be explained by the paper described in
murine spleen cell culture |17 : the presence of
an inhibitor for IFN - 7 activity was responsible
[or low activity of the ITFN— 7.

Recently, Hughes et al.[ 18] reported that bovine
mitogen-induced IFN levels were only 27.3 units
“mf. Whereas, in the present data, more amounts
of IFN (89.0 units~ m#) was observed in the lym-
phoeyte cultures which was incubated under the
optimum conditions. However, further studies
are required to standardize the culture condilions
for II'N assay.

Animal IFNg have been characterized by their
pH and temperature stabilities [ 6, 19, 20| .
Generally, in contrast to the virus-induced [FN,
the mitogen induced 11N is unstable at pH 2.0,
and 56°C [or 60 minutes. In the present study, Con
A —induced IFN was also unstable at pH 2.0 and
at o6°C indicating that go called immune = [FN
(IKN — 7)) was dominant, whereas NDV —induced
II'N was comparatively stable under these con-
ditions. This resull agreed with the results of
previous reports [ 11, 21, 22, 23], and suggested
that these two types of [FN were shown to differ
in their pll and temperature stabilities. As Lhere
has been no available specific antibodies to bovine
[FNs, it was unable to identify and separate the
[N type in this study.

Both bovine NDV ~and Con A —induced I"Ns
were examined for the helerologous activity Lo
protect murine [(ihroblast cells o infection with
the viruses. The resulls sugpested that Con A
induced IFN had no heterologous activities in
murine cell, whercas NDV  induced TFN had a
little (Tahle 2) . Although a number of reports
have deseribed heterologous activities among

mammalian 1I'Ns 712, 16, 24, 251, Lhe resulws

have been variable. Babiuk and Rouse [16] report
ed that bovine immune — [N, in distinction [rom
bovine fibreblast — IFN, showed considerable
heterologous aclivilies in many species of cells.
(Jn the other hand, Lunaet al. [ 12] reported that
bovine ltbroblast — IFN was tha most effective in
protecting murine cells (1,—929) 1o infection with
viruses among Lhree Llypes of ITFNs. It i1s a well
known facl that [FN — 5 and IFN — 7 have shown
a little heternlogous activities, whereas [FN o

has shown marked ones |24, 25].

Green et al. ~ 8 ] reported Lhat marked quantita
tive difference existed between the degree of blas-
togenesis and the amounts of INF— 7 in human
lymphoeyte culrures. [n contrast with their reports,
the data presented in this paper indicated thal
the most effective concentration of mitogen stim-
ulating blastogenesis described in a previous
paper | 15 consisted with that of the mitogen for
IFN induction (Fig. 1) . Maximum production
of Con A —induced TFN oceurred during 5 to 6
days in the cultures (Fig. 3), and in these periods,
the blaslogenic activity also reached maximum
level in the same cultures. Moreover, in the
instance where very little or no hlastogenesis had
been induced, no IFN production was usually
found (data not show) . Friedman and Cooper
[ 7] showed that IFN production stimulated with
mitopens was related to the events involved in the
mitotic evele of lymphocytes.  Therelore, the
present data sugpested that there was a relation
between the milogen-induced [FN production
and the blastogenic activity of lymphoeytes.

It has been well recognized that IFN — 7 induc
tion played a parl of immune response, especially
in the stimulation by mitogens or some antigens
in human [ 8 ] and mouse [26° . The present
study supports that such mechanism may be
applied to bovine lymphoevte cultures, and indi-
cates that the assay for mitogen-induced IFN in
bovine lymphocyle cultures may provide one of
lhe uwseful methods lo evalulace bovine immune

stalus e vilro,
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