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Analysis of gene expression in peripheral blood lymphocytes is of especial interest 
because it could reflect physiological conditions. We have examined the 
expression and compared the relative amounts of specific mRNAs for interferons 
(IFN-a and 1FN-JÍ), tumor necrosis factor-a (TNF-a) and interferon regulatory 
factors (IRF-1 and IRF-2) from interferon primed and Sendai virus induced 
peripheral blood leukocytes. Results obtained showed that IRF-1 was highly 
inducible by I FN treatment, IFN-a, TNF-a and IRF-2 were weakly induced by 
IFN treatment, and IFN-fi was not inducible by priming the cells with recombinant 
human IFN-a2b. The IFN-a, IFN-fi, IRF-2 and TNF-a transcripts increased upon 
viral infection. The IRF-1 mRNA was rapidly induced by IFN treatment and 
decreased after Sendai virus infection. Our results show that, in peripheral blood 
lymphocytes, IFN-a and -fi genes have a different response to IFN induction, thus 
suggesting different regulatory mechanisms for IFN induction of type I IFN genes 
in peripheral blood lymphocytes. 

Key terms: gene expression; interferon; IRF; leukocytes; lymphocytes; 
regulation. 

INTRODUCTION 

In t e r f e rons ( IFNs) form a h e t e r o g e n e o u s 
family of cy tokines induced in almost all 
vertebrate cells in response to virus infection 
or to i m m u n e stimuli. In humans and rodents, 
type I IFNs are encoded by a superfamily of 
genes consist ing of the I F N - a gene family 
and the IFN-6 gene, which exists in a single 
c o p y . I F N s a r e c h a r a c t e r i z e d by t h e i r 
antiviral activity and have been shown to 
h a v e a n t i p r o l i f e r a t i v e a n d a n t i t u m o r a l 
p r o p e r t i e s ( V i l c e k , 1 9 9 0 ) . F u r t h e r m o r e , 
recent evidence indicates a role for IFNs on 

cell growth and differentiation (reviewed by 
Vilcek, 1990; Weissmann and Weber , 1986). 
IFNs are usually not detectable in normally 
growing tissue cultures or in animals until an 
appropriate stimulus triggers the induction of 
the IFN system. However , consti tut ive IFN 
expression has been reported in organs from 
normal individuals (Tovey et al, 1987; Khan 
et al, 1989 , 1 9 9 0 ) , in p e r i p h e r a l b l o o d 
leukocytes (PBLs) [where I F N - a could act in 
an autocrine fashion (Greenway et al, 1995)] , 
in p r e i m p l a n t a t i o n m o u s e e m b r y o s and 
embryonal carc inoma (EC) PI 9 cells (Riego 
et al, 1995), in 13 day post coi tum mouse 
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e m b r y o s ( B a r l o w et al, 1984) , in m o u s e 
blastocysts (Cross et al, 1990; Nieder, 1990) 
and in ruminant trophoblasts ( Imakawa et al, 
1989). Recently, it has been reported along 
the regula t ion of NDV-un induc ib l e mouse 
I F N - a 11 gene (Civas et al, 1991). 

The onset of IFN product ion is due to 
transcriptional activation of the IFN genes. 
Several groups have characterized induction-
regulatory e lements in the 5' flanking regions 
of human IFN genes (reviewed by Dron and 
T o v e y , 1992) and s e v e r a l t r a n s c r i p t i o n 
factors have been proposed to be involved in 
IFN gene regulation (Dron and Tovey, 1992; 
de la Fuente et al, 1995). 

IRF-1 and IRF-2 were identified as an 
IFN -B p r o m o t e r - b i n d i n g ac t i v i t y tha t is 
present in extracts of uninduced and virus-
induced mouse L929 cells (Fujita et al, 1988; 
Miyamoto et al, 1988; Harada et al, 1989) 
and their role in IFN-B gene regulation has 
recently been documented (Dron and Tovey, 
1992; Ma t suyama et al, 1993; de la Fuente et 
al, 1995). However , I F N - a appears to be, at 
least in some cell types, differently regulated 
(MacDonald et al, 1990; Ruffner et al, 1993; 
de la Fuente et al, 1995). The promoter lacks 
NF-kB binding sites and binds IRF-1 at least 
an order of magni tude less tightly than the 
I F N - B p r o m o t e r d o e s . F u r t h e r m o r e , it 
contains a domain designated as T G element 
( G A A A T G ) that, when supported by a SV40 
enhancer in a reporter construct, mediates vi
rus inducibility but shows little response to 
IRF-1 (MacDonald et al, 1990; de la Fuente 
et al, 1 9 9 5 ) . N e v e r t h e l e s s , it h a s b e e n 
reported that overexpression of IRF-1 can in
duce I F N - a genes , at least under special 
c i rcumstances (Harada et al, 1990). 

Per ipheral blood lymphocytes have been 
shown to produce a mixture of I F N - a and -B 
after viral induct ion (De la Fuente , 1990; 
Khan et al, 1989; 1990; Greenway et al, 
1995). It has also been shown that PBLs pro
d u c e T N F - a m R N A after viral induct ion 
(Goldfeld and Maniat is , 1989). 

In this study, we show that IRF-1 was 
highly inducible and I F N - a , T N F - a and IRF-
2 were weakly induced by IFN treatment in 
P B L s , whi le IFN-B was not inducible by 
pr iming the cells with recombinant human 
I F N - a 2b . T h e I F N - a , IFN-B, IRF-2 and 
T N F - a t r a n s c r i p t s i n c r e a s e d u p o n v i ra l 

infection. The IRF-1 m R N A was transiently 
i n d u c e d by I F N t r e a t m e n t a n d r a p i d l y 
decreased after Sendai virus infection. 

MATERIALS AND METHODS 

Cells and culture conditions 

Pooled human peripheral blood leukocytes 
from buffy coats of hea l thy d o n o r s w e r e 
p r e p a r e d by t r e a t m e n t w i th a m m o n i u m 
chloride and induced for I F N - a product ion, 
e s s e n t i a l l y a c c o r d i n g to t h e m e t h o d of 
Cantell et al (1981). Cultures containing 107 
cells/ml were pr imed at -2 h with 200 IU/ml 
of recombinant human I F N - a 2b (Heberon-
a R , Hebe r B io tec SA, H a v a n a ) . At 0 h, 
Sendai virus was added to a concentrat ion of 
150 hemagglut ina t ion units (HAU) /ml and 
incubation of the cultures was cont inued at 
37°C. At the t imes indicated, cultures were 
centrifuged and the cells were immediately 
p r o c e s s e d for R N A i s o l a t i o n . C u l t u r e 
supernatants were stored at -70°C. 

Message Amplification PhenotyPing 
(MAPPing) 

a. Preparation of RNA. All the mater ia l s 
were t reated and reagen ts p repared us ing 
s t a n d a r d m e t h o d s to e l i m i n a t e R N A a s e 
a c t i v i t y . A m i c r o a d a p t a t i o n of t h e 
g u a n i d i n i u m t h i o c y a n a t e / c e s i u m c h l o r i d e 
(GuSCN/CsCl) procedure was used to prepa
re total R N A from P B L s . 1 0 6 cel ls we re 
a d d e d to 1 0 0 ul of G u S C N s o l u t i o n 
containing 20 ug of E. coli t R N A as carrier 
and then layered over 100 ul of 5.7 M CsCl 
solution (Brenner et al, 1989) . R N A was 
purified by centrifugation at 32,000 rpm for 
22 h. 

b. Synthesis of cDNA. First strand c D N A was 
synthesized in a 30 |il reaction vo lume ( l x 
R T reaction buffer [70 m M Tr i s -HCl , p H 
8.6, 1.4 m M M g C l ? , 1.4 m M CaC12], 2 ug 
o l i go -dT 1 2 g (Boehringer Mannhe im) , 12.5 U 
R N A s i n ( 2 5 U / u l , P r o m e g a ) , 100 m M 
dithiothreitol (Sigma), dNTPs (0.3 m M each 
dATP, dCTP, d G T P and dTTP, Boehr inger 
M a n n h e i m ) . T h e R N A was i n c u b a t e d at 
42°C for 90 min with 35 U (1 ul) of c loned 
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A M V reverse t ranscr ip tase (Heber Biotec 
SA) . 

c. Polymerase Chain Reaction (PCR). Ninety 
ul of the P C R mix were added to 10 ul of 
f i r s t s t r a n d c D N A r e a c t i o n . P C R m i x 
c o n t a i n s : 56 ul s te r i le wa te r , 10 ul lOx 
reaction buffer [500 m M KC1, 100 m M Tris-
HC1 (pH 8.4), 25 m M M g C l 2 and 0 . 1 % 
gelat in] , 20 ul d N T P mixture (5 m M each of 
d A T P , dCTP, d G T P , and dTTP, Boehringer 
M a n n h e i m ) , 2.5 U of Thermits aquaticus 
D N A polymerase (Heber Biotec SA) and 4 
ul pr imers mixture (1 ,000 pmoles of each 
pr imer) . The components were concentrated 
in the bo t tom of the tube by centrifugation 
and o v e r l a i d w i th 50 ul of m i n e r a l oil 
(Sigma). The mixture was subjected to PCR 
amplification for 30 cycles. The cycles were 
of 94°C (1 min) , 55°C (1 min) and 72°C (1 
min) . Eth id ium bromide-s ta ined 2 % agarose 
gels were used to separate P C R fragments. 

Oligonucleotide primer design 

Oligonucleot ide P C R primers were designed 
u s i n g p u b l i s h e d s e q u e n c e s ( T a b l e I ) . 
Sequences within the coding regions were 
chosen for the 5' pr imers (+ strand) and 3 ' 
p r ime r s (- s t r and) . T h e I F N - a genes are 
related to IFN-B gene exhibit ing about 4 5 % 
h o m o l o g y at the n u c l e o t i d e leve l and a 

predicted amino acid sequence homology of 
about 2 9 % (Weissmann and Weber , 1986). 
Fidelity of the amplified sequences for IFN-
a or -6 genes was c lea r ly ident i f ied by 
S o u t h e r n b lo t an a ly s i s u s i n g 3 2 P - l a b e l e d 
D N A p r o b e s for b o t h h u m a n g e n e s . 
Oligonucleotides were synthesized on a Gene 
Assemble D N A Synthesizer (Pharmacia) and 
purified by H P L C . 

Southern blot analysis 

The PCR samples were separated by elec
t r o p h o r e s i s on a 2 % a g a r o s e g e l a n d 
transferred to a nylon membrane (Hybond-N, 
Amersham International), and crossl inked by 
UV irradiation for 4 min. The filters were 
prehybridized during 4 h at 42°C in 5 0 % 
f o r m a m i d e , 5x D e n h a r d t ' s s o l u t i o n ( l x 
Denhard t= 0 .02% of po lyvinylpyr ro l idone , 
Ficoll, and bovine serum albumin) , 5x SSC 
( l x S S C = 0.15 M NaCl , 15 m M sod ium 
citrate, pH 7), 0 . 1 % sodium dodecyl sulfate 
(SDS) and 200 ug/ml sheared denatured calf 
thymus D N A . Hybr id iza t ions were carried 
out in the same solution for 16 h at 42°C, in 
t h e p r e s e n c e of 1 0 7 c p m / m l of p r o b e s 
r a d i o l a b e l e d by t h e r a n d o m p r i m i n g 
technique (Feinberg and Vogetstein, 1984). 
After hybridization, the filters were washed 
twice at 25°C in 2x SSC / 0 . 1 % S D S for 10 
min each, followed by a wash at 60°C for 30 

T A B L E I 

Primers used for MAPPing 

GENE SIZE OF AMPLIFIED 
FRAGMENT (BASES) 

PRIMER 

IFN-a 

IFN-a 

IFN-B 

IFN-B 

B-actin 

13-actin 

290 

310 

500 

5' TCTCTGTCCTCCATGAG(A/C)TGATCCAGCAGA 3' 

3' CCCTCCAACAGTCTCGTCTTTAGTACTCT 5' 

5' CAGAAGCTCCTGTGGCAATTGAATGGGAGG 3' 

3' GTGGTCCCCTTTTGAGTACTCGTCAGACGT 5' 

5' ATGGATGATGATATCGCCGCG 3' 

3' GGGAGGTAGCAGGTGGCGTTTACGAAGATC 5' 

Oligonucleotide primers synthesized according to sequences reported for IFN-a and IFN-B genes (Pestka, 1983). 
(A/C) denotes that either A or C was equally introduced in this position during oligonucleotide synthesis. 
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min in 0 .2x S S C / 0 . 1 % S D S , and then 
subjected to autoradiography. 

The probe used for the analysis of I F N - a 
products was the plasmid p D A 8 (de la Fuen
te et al, 1988), which contains the human 
I F N - a 2 c D N A . F o r IFN -B, w e u s e d the 
p l a s m i d p A d 6 I F 3 (J de la F u e n t e , u n 
publ ished results) which contains the H i n d i 
human IFN-B gene coding fragment cloned 
into the expression plasmid pAd25 (Lleonart 
et al, 1 9 9 1 ) . P l a s m i d s p T N F (A S i lva , 
unpub l i shed resul ts) and p I R F l (A Perez , 
unpubl ished results) contain the human T N F -
a and mouse IRF-1 c D N A s cloned into the 
plasmid pBluescript , and were used for the 
screening of T N F - a and IRF-1 transcripts, 
respectively. 

Northern blot Analysis. 

T e n ug of R N A w e r e s e p a r a t e d on 1% 
formaldehyde /agarose gel , transferred to a 
n y l o n m e m b r a n e ( H y b o n d - N , A m e r s h a m 
I n t e r n a t i o n a l ) , a n d c r o s s l i n k e d by U V 
i r r a d i a t i o n for 4 m i n . T h e f i l t e r s w e r e 
p r e h y b r i d i z e d for 4 h at 4 2 ° C in 5 0 % 
formamide, 5x Denhardt ' s solution, 5x SSC, 
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Fig 1. Detection of IFN-a mRNA in PBLs by MAPPing. A. 
Expression of IFN-a transcripts in leukocytes showed by 
agarose gel e l ec t rophores i s of the M A P P i n g react ion 
products obtained after 30 cycles of PCR. Lane 1: pBR 322-
Alu I fragments; lane 2: leukocyte RNA isolated from 
uninduced cells; lanes 3, 4 and 6: RNA from leukocytes 
treated with 200 IU/ml of recombinant human IFN-a 2b for 
2, 4, and 8 h respectively; lanes 5 and 7: IFN-a products 
after 2 h of priming and following the addition of 150 HAU/ 
ml of Sendai virus, during 2 and 6 h, respectively. B. 
Southern blot analysis of the ge l -shown in A, showing 
specific amplified products by using a 3 2 P-labeled human 
IFN-a 2b DNA probe. Lanes numbered as in A. 

bp 
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B 
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Fig 2. Detection of IFN-B mRNA in PBLs by MAPPing. A. 
Expression of IFN-B transcripts in leukocytes showed by 
agarose gel e lec t rophores i s of the M A P P i n g reac t ion 
products obtained after 30 cycles of PCR. Lane 1: pBR 322-
Alu I fragments; lane 2: leukocyte RNA isolated from 
uninduced cells; lanes 3, 4 and 6: IFN-B products from the 
R N A of the l e u k o c y t e s t r e a t e d w i th 2 0 0 IU /ml of 
recombinant human IFN-a 2b for 2, 4 and 8 h respectively; 
lanes 5 and 7: IFN-B products after 2 h of priming and 
following the addition of 150 HAU/ml of Sendai virus 
dur ing 2 and 6 h, r e spec t ive ly . B. Gel shown in A 
transferred to a nylon membrane and hybridized with a 3 2 P -
labeled human IFN-B DNA probe. 

0 . 0 1 % SDS and 200 ug/ml sheared denatured 
calf thymus D N A . Hybridization was carried 
out in the same solution with the addition of 
[ 3 2P]-labeled probes (see Southern blot analysis) 
for 24 h at 42°C. The filters were washed as 
indicated for Southern blot analysis. 

RESULTS 

In order to characterize the IFN product ion 
through the analysis of the cy tokines and 
o the r fac tors p r o d u c e d d u r i n g l e u k o c y t e 
induct ion with Sendai v i rus , we used the 
M A P P i n g and N o r t h e r n b lo t t e c h n i q u e s . 
R N A was isolated from 1 0 6 cells and equal 
a m o u n t s of R N A w e r e u s e d for e a c h 
experiment . I R F - 1 , IRF-2 and T N F - a gene 
products were ana lyzed by Nor thern blot . 
I F N - a and -B t ranscr ipts were s tudied by 
Northern blot and M A P P i n g to detect even a 
low level induc t ion of the c o r r e s p o n d i n g 
genes. Actin pr imers were used to moni tor 
for efficient c D N A synthesis. 

Analysis of IFN transcripts. 

The analysis of I F N - a transcripts showed no 
detectable m R N A levels in uninduced cells 
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Fig 3. Northern blot analysis of IFN-a, IFN-B, TNF-a , IRF-
1 and IRF-2 transcripts in PBLs after IFN priming and 
Sendai virus (S. virus) infection. Cells primed with 200 ILV 
ml of recombinant human IFN-a 2b at -2 h (-). At 0 h, 
cultures induced with 150 HAU/ml of Sendai virus. RNA 
extracted and analyzed before IFN treatment (lane 1), 2 h 
after IFN treatment and before virus infection (lane 2), and 
2, 6 and 13 h after virus infection (lanes 3-5, respectively). 
Northern blot hybridized with human I F N - a 2b ( IFNa) , 
IFN-B ( IFNB) , T N F - a , IRF-1 and IRF-2 p robes and 
subsequently with a human B-actin probe (hu-B Actin) as 
internal standard. 

various t imes (2 and 6 h) after Sendai virus 
infection (Table II; Fig 1A, lines 5 and 7; Fig 
3). 

After gel e l ec t rophores i s and e t h i d i u m 
bromide staining, I F N - a P C R products were 
t r a n s f e r r e d to a n y l o n m e m b r a n e a n d 
hybridized to a 3 2 P- labe led human I F N - a 2b 
p r o b e , a p p e a r i n g a s i n g l e b a n d of t h e 
expected size (Fig I B ) , thus corroborat ing 
the specificity of the amplification reaction. 

W e h a v e s t u d i e d I F N - 8 m e s s e n g e r s 
s y n t h e s i z e d d u r i n g I F N - a p r o d u c t i o n . 
Leukocy te s p roduced IFN-B t ranscr ip ts at 
various t imes (2 and 6 h) after Sendai virus 
infection (Fig 2 A, lines 5 and 7) . Untreated 
cells (Fig 2A, line 2) and cells treated with 
200 IU/ml of recombinant I F N - a 2 b (priming 
effect) did not produce detectable levels of 
IFN-B m R N A (Fig 2A, l ines 3 , 4 and 6). 
Southern blot analysis of products from the 
MAPPing reaction showed that the amplified 
bands corresponded to IFN-B transcripts (Fig 
2B) . Nor the rn blot ana lys i s g a v e s imi la r 
resul ts (Fig 3) , thus showing no p r iming 
effect for IFN-B detected in P B L s treated 
with I F N - a 2b, at least under our exper imen
tal condit ions. 

Analysis of IRF-1 and IRF-2 induction. 

W e a t tempted to identify nuc lea r factors , 
te rmed IRF-1 and IRF-2 , that specifically 
b i n d s to u p s t r e a m r e g u l a t o r y ( v i r u s 
inducible) elements of the IFN-B gene. As 
shown in F igu re 3 , I R F t r ansc r ip t s w e r e 
present prior to induction. IRF-1 was highly 
induced by IFN treatment. IRF-2 transcripts 
had a moderate increase after p r iming the 
ce l l s wi th r e c o m b i n a n t h u m a n I F N - a 2 b . 
After viral infection, IRF-2 transcript levels 
increased. T h e r e w a s n o i n c r e a s e in the 
I R F - 1 m R N A levels after the induction with 
Sendai virus. 

Analysis of the TNF-a transcripts 

(Fig 1A, l ine 2; F ig 3) . T o e x a m i n e the 
pr iming effect on IFN production, leukocytes 
w e r e t rea ted wi th r e c o m b i n a n t I F N - a 2b 
(200 IU/ml) for 2, 4 and 8 h (Table II; Fig 
1A, lines 3 , 4 and 6, respectively; Fig 3). 
This resulted in the product ion of increased 
quanti t ies of I F N - a , and higher amounts at 

W e also m e a s u r e d the exp re s s ion of the 
T N F - a m R N A . A s s h o w n in F i g u r e 3 , 
T N F - a m R N A levels increased after pr iming 
the cells with recombinant human I F N - a 2 b , 
as well as after the infection with Sendai 
virus. Maximal levels were obtained 4 h after 
IFN priming and 2 h after virus induction. 
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TABLE II 

Kinetics of I F N - a production 

SAMPLE 8 

(hours) (ng /ml ) ' 

CONCENTRATION OF IFN-a 

+ IFN-a 2b • IFN-a 2b + v i r u s b 

( IU/ml) ' (ng/ml) (IU/ml) 

- 2 
0 
2 
4 
6 

16 

0 
20 ± 2 
30 ± 4 

11 ± 0 . 5 
9 + 5 

2 + 0.2 

0 
3,913 + 331 
5,985 + 714 
2,229 + 91 

1,783 + 1,068 
343 + 34 

0 
20 + 2 
11 + 1 
59 + 7 
106 + 5 
143 + 9 

0 
3,913 ± 331 
2,242 + 276 

11,752+ 1,390 
21,113 ± 9 0 9 

28,585 ± 1,708 

PBLs prepared and cultured as described in Materials and Methods. At -2 h, cultures primed with 200 IU/ml of 
recombinant IFN-a 2b. 
At 0 h, some cultures induced with 150 hemagglutination units/ml of Sendai virus. 
IFN-a protein concentration measured by a specific ELISA (Cruz et al, 1990). Values, means ± SD of 4 independent 
experiments. 
IFN activity measured by a cytopathic effect reduction assay using HEp-2 (ATCC) cells and Mengo virus as challenging 
virus. Activity expressed in international units (IU). Values, means ± SD of 4 independent experiments. 

DISCUSSION 

Studies on the expression of the IFN genes, 
coexpressed cytokines and other regulatory 
g e n e s in P B L s , a re of spec ia l r e l e v a n c e 
b e c a u s e t h e y c a n r e f l e c t p h y s i o l o g i c a l 
situations. In this report we have followed 
the t ime course of expression of I F N - a and 
IFN-6 genes , T N F - a and regulatory factors 
I R F - 1 a n d I R F - 2 in P B L s t r e a t e d wi th 
recombinan t human I F N - a 2 b and infected 
with Sendai virus. The t ime course selected 
for the exper iments was based on previous 
studies showing that max imal IFN m R N A 
levels were observed 3-6 h after Sendai virus 
induct ion (Berent et al, 1986; Gobi et al, 
1988). 

It is well known that both I F N - a and IFN-
6 genes are rapidly induced and then down-
regulated after induction by R N A viruses or 
poly rLrC (Levy and Salazar, 1992). IFNs 
are a lso k n o w n to affect their own p ro 
d u c t i o n . C e l l s p r e t r e a t e d wi th low c o n 
centrat ions of IFN before virus induction are 
ab le to m a k e m o r e I F N (p r iming effect) 
(Abreu et al, 1979). However , the finding 
t ha t I F N - a , b u t n o t I F N - 6 , m R N A 
accumulat ion may be induced by pr iming the 
P B L s wi th r e c o m b i n a n t h u m a n I F N - a 2 b 

c o n s t i t u t e s , to o u r k n o w l e d g e , a n e w 
o b s e r v a t i o n w h i c h cou ld h a v e i m p o r t a n t 
impl ica t ions for the unde r s t and ing of the 
mechanisms that control IFN gene regulat ion 
under physiological condit ions. 

The expression of I F N - a and IRF-B genes 
shows tissue specificities in humans ; thus, 
e n d o g e n o u s I F N - b e t a g e n e is e x p r e s s e d 
efficiently in fibroblasts, but not in other cell 
types such as leukocytes, which predominantly 
express classes of I F N - a genes (Hoss et al, 
1989; Khan et al, 1989; de la Fuente, 1990). 
The differences observed here in the IFN 
induction of type I IFN genes in PBLs may 
also reflect differences in the regulation of IFN-
a and IFN-B genes in PBLs . 

A n u m b e r of e x p r e s s i o n s t u d i e s w i th 
cloned I F N - a and IFN-B genes have revealed 
the presence of d s - ac t i ng D N A transcription 
e l e m e n t s w i t h i n t h e 5 ' - f l a n k i n g r e g i o n 
(reviewed by Weissmann and Weber , 1986; 
Dron and Tovey, 1992). Interestingly, such 
sequence motifs are also found in other virus 
inducible cytokine genes, such as T N F - a and 
IL-6 (Fujita et al, 1987). 

The present study shows that human T N F -
a , I F N - a , and IFN-B genes are induced by 
virus in PBLs . Previous studies have shown 
similar results for T N F - a and I F N - a (Berent 
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et al, 1986; Ronni et al, 1995), as well as for 
T N F - a and IFN-B (Goldfeld and Maniat is , 
1989). The relevance of these observations is 
not completely understood, but it can have a 
particular importance in light of the shared 
a n d s y n e r g i s t i c a c t i v i t i e s of the i r g e n e 
p roduc t s (Mes tan et al, 1986; W o n g and 
Goeddel , 1986). 

Interferon regula tory factors IRF-1 and 
IRF-2 have IFN-B promoter-binding activity 
that is present in extracts of uninduced and 
virus- induced mouse L929 cells (Fujita et al, 
1988; Harada et al, 1989). The m R N A level 
of these factors rapidly increases within 1 h 
after IFN t rea tment of m o u s e L929 cel ls 
(Harada et al, 1989), and does not change 
significantly on viral induction. The results 
of the exper iments presented in this paper 
show that the IRF-1 and IRF-2 m R N A levels 
in PBLs are also rapidly induced by IFN, 
while the I R F m R N A level decreases after 
Sendai vi rus infect ion (Fig 3). H o w e v e r , 
unde r our expe r imen ta l condi t ions , IRF-2 
transcripts increased after 2 h of Sendai virus 
infection (Fig 3). 

W e can summar ize the results obtained in 
P B L s in t e r m s t h a t I R F - 1 w a s h i g h l y 
inducible by IFN treatment, I F N - a , T N F - a 
and IRF-2 were weakly induced after IFN 
treatment, and IFN-B was not inducible by 
pr iming the cells with recombinant human 
I F N - a 2b. The I F N - a , IFN-B, IRF-2 and 
T N F - a t r a n s c r i p t s i n c r e a s e d u p o n v i ra l 
infec t ion . T h e IRF-1 m R N A was rapidly 
induced by I F N t r ea tmen t and dec reased 
after Sendai virus infection. These results 
may suppor t p rev ious f indings suggest ing 
that I F N - a and -B genes are not regulated by 
similar mechanisms , at least in all cell types 
(MacDona ld et al, 1990; Ruffner et al, 1993; 
De la Fuente et al, 1995). This differential 
express ion of type I I F N genes could be 
r e g u l a t e d at t h e t r a n s c r i p t i o n a l l e v e l , 
r e f lec t ing ce l l - spec i f ic d i f fe rences in the 
regulat ion of the induction of transcription of 
type I IFN genes (Riego et al, 1995; de la 
Fuente et al, 1995). 
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