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ABSTRACT
Type | interferon (IFN) system is involved in the defense of the organism against viral infections and plays an im-
portant role in the control of cell growth and differentiation. How this system is regulated during embryogenesis
and its role during this critical process are questions addressed in this manuscript. The redundancy, apparently
existing in fype | IFN system could be the result of a very specialized machinery needed to control the complex
process of cell growth and differentiation during development.
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RESUMEN
El sistema interferén (IFN) tipo | participa en la defensa del organismo contra las infecciones virales y juega un
papel importante en el control del crecimiento y la diferenciacion celular. Cémo estd regulado este sistema du-
rante la embriogénesis y cudl es su papel durante este critico proceso son preguntas que se tratan en este ma-
nuscrifo. La aparente redundancia que existe en el sistema IFN tipo | pudiera ser el resultado de una maquinaria
altamente especializada necesaria para controlar los complejos procesos involucrados en el crecimiento y la di-
ferenciacion celular durante el desarrollo.
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Introduction

Interferons

Much of the development of Genetic Engineering
and modern Biotechnology in Cuba, and especially
at the Center for Genetic Engineering and Biotech-
nology (CIGB), has been related to nterferons
(IFNs). Promised as magic bullets when they were
first discovered in 1957 (1) and cloned in 1979-1980
(2, 3). type I IFNs (IFN-a and IFN-B) were useful in
the treatment of only certain diseases (4), but con-
stituted a starting point for molecular biologists and
biotechnologists and a challenging model for the
study of gene regulation.

Type T IFNs are inducible, pleiotropic cytokines
that are characterized by their ability to induce an
antiviral state against a variety of viruses, they have
been shown to have antiproliferative and antitumoral
properties and to play a role in cell growth and dif-
ferentiation (5, 6). In humans and rodents, type I
[FNs are encoded by a superfamily of genes con-
sisting of the IFN-a gene family and the T'N-f
gene which exists in a single copy.

The IFN—a group has recently been subdivided
into subfamilies: IFN-a;, IFN-«y or IFN-w and
IFN--1 to which ruminant trophoblastic IFNs belong
(7). Type 1 IFNs are intronless genes, tightly regu-
lated by regulatory factors that interact with the §'
flanking region, although for the IFN-f gene, se-
quences located in the 3' untranslated region may

= Corresponding author

contribute to the regulation of the levels of the cog-
nate protein by modulating mRNA turnover.

Gene regulation

The human IFN- promoter is regulated by at least 4
sequence elements contained within a 125 bp segment
preceding the cap site (8, 9, Figure 1). The positive
regulatory domain (PRD)1I is a binding site for the
activating factor NF-xB and for the high mobility
group (HMG) Y/I protein which interacts with the
minor groove of the DNA. Both factors are neces-
sary for the viral induction of the IFN-3 promoter.
PRDI and PRDIII bind the activating IFN regula-
tory factor I (IRF-1). PRDIV binds a protein of the
CAMP  response element  binding  protein
(ATF/CREB) family of transcription factors (ATI-
2), which is also required for full activation of the
IFN-B promoter. PRDI also binds negative regu-
latory factors IRF-2, the zinc-finger protein PRD-
binding factor 1 (PRD-BF1) and others. PRDII and
two negative regulatory domains (NRDI and NRI) 1I)
are also believed to bind negative regulatory factors.
IFN-f gene transcription activation by a virus is
achieved by derepression as well as by the activation
of preexisting NF-kB and by the de novo synthesis
and activity enhancement of IRF-1 (Figure 2). How-
ever, although IRF-1 is efficiently induced by virus,
IFNs-y and -a and other cytokines, the expression
of the IFN—f3 gene is highly inducible only
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Figure 2. Model of the IFN-B promoter after viral induction.

227 Biotecnologia Aplicada 1997; Vol. 14, No 4



José de la Fuente et al.

Regulation of type | IFN system

by virus. Mice devoid of functional IRF-1 show
unimpaired type I IFN induction and response of
type I IFN inducible genes in vivo by a virus or
dsRNA (10, 11). These facts indicate that IRF-1 is
not enough for IFN—f induction and is dispensable
for type I IFN induction in vivo.

Regulation of IRF genes has been studied and
partially characterized within the regulatory frame-
work of type I IFN system (12, Figure 3). Addition-
ally, IRF-1 and IRF-2 function as regulators of cell
growth or as a tumor suppressor and oncogene, re-
spectively (13-15). Alterations in the ratio of IRF-
1/IRF-2 has been shown to result in perturbations in
cell growth control (15).

The human [FN-al gene is regulated by different
mechanisms (16, Figure 1). The promoter lacks NF-
kB binding sites and binds IRF-1 at least one order
of magnitude less tightly than that of the IFN-f
promoter. Furthermore, it contains a domain desig-
nated as a TG element (GAAATG) that, when linked
to an SV40 enhancer in a reporter construct, medi-
ates virus inducibility but shows little response to
IRF-1 (16). Nevertheless, it has been reported that
the overexpression of IRF-1 can induce IFN-o genes,
at least under special circumstances (17).

[FNs are usually not detectable in normally
growing tissue cultures or animals until appropriate
stimuli trigger the induction of the IFN system.
However, constitutive IFN expression has been re-
ported in organs from normal individuals (18-20),
peripheral blood leukocytes (PBL), where IFN-a
could act in an autocrine fashion (21), preimplanta-
tion mouse embryos and embryonal carcinoma (EC)
P19 cells (22), 13 day post coitum (dpc) mouse em-
bryos (23), mouse blastocysts (24, 25) and in rumi-
nant trophoblasts (7). Recently, a mouse [FN-a 11
gene has been identified with a Newcastle Disease
Virus (NDV)-uninducible expression pattern (26).

Expression of tgpe | interferon system during
embryogenesis

Employing the reverse transcriptase-polymerase
chain reaction (RT-PCR) method, the presence of
mRNAs has been shown for TGF-a, -B1, PDGF-A,
IL-1-7, TNF-a, IRF-1 and IFN-y and IFN-a in
preimplantation mouse embryos (22, 27), for IRF-1
and IRF-2 and IFN—«a in undifferentiated (D) and
differentiated (D") EC P19 cells, equivalent to the
epiblast cells of the early postimplantation blastocyst
(4.5 dpc) (22).

Furthermore, preimplantation embryos possess the
basic apparatus required to respond to polypeptide
growth factors that could serve to regulate their
growth in an autocrine fashion (28).

It has been shown that the type I IFN system is
developmentally regulated in EC cells as well as in
normal embryonic cells (17, 23). The IFN genes are
refractory to viral induction in their undifferentiated
stages and Harada et al. (17) have shown that this ef-
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Figure 3. Generalized postulated scheme for the regulation of type | IFN system during embryo-

genesis in mice (see details in the text).

fect could be due, at least in part, to the develop-
mental regulation of the transcription factors IRF-1
and IRF-2. In IRF-1"" and IRF-1%° murine embry-
onic stem (ES) D3 cells, Ruffner et al. (29) found
that the viral induction of the IFN-« genes is not de-
pendent on differentiation, while [FN-f transcripts
were barely detectable in (D) ES cells and increased
about 10 fold after 8 days of differentiation. In EC
P19 cells we (22) and others (30) have found that
IFN-P transcripts appear only after 24 h of differen-
tiation with retinoic acid. The complete silencing of
the IFN-f gene in (D") cells might be due to a more
efficient association of repressors to the 5' regulatory
sequences and/or to the presence in these cells of
other repressor molecules interacting with the up-
stream sequences in the IFN—f promoter (31). Alter-
natively, the absence of some positive regulatory
factors could also be implicated in silencing the
IFN-B gene in these cells. The analysis of the [FN-a
genes constitutively expressed in (D7) EC P19 cells
resulted in the cloning of MulFN-aA and a new
MulFN-a gene (MulFN-a 12) (22, Figure 4). The
IFN-a A virus responsive element (VRE) in the
promoter region showed the presence of nucleotides
that differ from those present in mouse virus-in-
ducible (—a 4) and uninducible (- 11) IFN genes
and in the Hu IFN-a 1 (Figure 5). Further charac-
terization of IFN-aA will permit the study of the
regulation of its constitutive expression in early
mouse embryos.

Nevertheless, from the present knowledge, we can
propose a model for type I IFN systemn regulation
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Figure 4. Sequence of the fragments cloned for Mu IFN- oA and - ®12. Aminoacid numbers correspond to Mu IFN -« A (31).

during embryogenesis (Figure 3). Different regula-
tory pathways may lead to the constitutive expres-
sion of particular [FN—a and cytokine genes in (D)
cells, that result in the induction of IRFs, other regu-
latory factors and IFN-stimulated genes (ISG). The
IFN-B gene remains repressed in these cells. After
differentiation, the virus-inducible machinery be-
comes active and other II'N genes become inducible.

Role of type | interferon system during
embryogenesis

The presence of uninduced mRNAs for IRF-1 and
IRF-2, IFN-a and other cytokines in early mouse
embryos suggest a role for type I IFN system during
embryogenesis (22).

Although we do not know the biological role of
these constitutively expressed MulFN-a A and -a12
genes, we could speculate on their role in the process
of embryogenesis because of the known effects of
IFNs in the development of the cytoskeleton and
extracellular matrix and its capacity to decrease cell
growth (6).

These constitutive IFNs might also be involved in
the protection of embryos against viral infections and

229

the immune reaction of the host, thus playing a role
in immune tolerance. It has been reported that mice
devoid of the TFN-a/p receptor have no evident
problems during embryonic development (32). Al-
though this result may contradict the possible role for
IFN-a 1n the process of embryogenesis, it is not the
first time that in /" mutant mice we sce no obvious
phenotype, suggesting that alternative pathways may
exist. In some cases, the role of specific genes could
be partially understood by overexpressing this gene,
keeping in mind that it does not reflect physiological
situations.

The overexpression of MulFN-a | in transgenic
mice testes resulted in the degeneration of spermato-
genic cells and sterility (33). For IRFs, they have
been nnplicated in the regulation of cell growth and
proliferation. As we have found (22), the expression
of IRF-1 after the first cell cleavage could contributc
to the control of cell growth in the developing em-
bryo. As stated earlier, restrained cell growth de-
pends on a balance between IRF-1 and IRF-2, that is
also present during early stages of development (22).
Again, for IRF genes, only a slightly deviating phe-
notype has been reported in IRF-deficient mice (10-11).

Biotecnologia Aplicada 1997; Vol. 14, No 4
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Figure 5. Comparison of the nucleotide sequence of the VRE « A with other VRE in virus-inducible and not-inducible IFN

We have generated transgenic mice with chimeric
genes containing the human IRF-1 or IRF-2 ¢cDNAs
under the control of strong constitutive chicken p-
actin (pbActneoIRF-1 and pbActneoIRF-2) or human
cytomegalovirus (pCMVIRF-1) promoters (34).
These constructs were shown to direct the synthesis
of IRF-1 or IRF-2 mRNAs in human and/or mouse
cell lines. Preliminary results indicated that the effi-
ciency for the generation of IRF-1 transgenic indi-
viduals was lower (p<0.05) than that for IRF-2
transgenic individuals and for a control group in-
cluding 37 transgenic mice generated with different
transgenes (35, Table 1). Because of the antiprolif-
erative properties of IRF-1 in its role in the control of
cell growth, we speculate that the high level ubiqui-
tous constitutive expression of IRF-1 could be dele-
terious for the developing mouse embryo. Current
experiments are directed to further characterize these
transgenic mice.

Conclusion
Necessary redundancy

The fact that IFN—a consists of a clustered multigene
family and that individual genes are differentially
expressed in a cell type-specific manner through
probably different induction pathways, lead to the
possibility that there is a differential expression of
the IFN genes which is related to a given function in
a given specific tissue, for a precise time, and at a
particular moment of the cell physiology and devel-

opmental stage (Figure 6). This study could possibly
contribute to the understanding of the highly con-
served structure and function of the IFN-« gene
family.
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Figure 6. Differential expression of type | IFN genes may
occur in response to different physiological conditions, for a
precise time and at a particular moment of the cell physiol-
ogy and developmental stage.

Table 1. Efficiency of the generation of IRF-1, IRF-2 and non-related transgenic individuals

(control).

Index®

Transgenic individuals

Transgenic individuals/microinjected embryos
Transgenic individuals/transferred embryos
Transgenic individuals/born pups

IRF-1 IRF-2 Control
0.0026* 0.0217 0.045
0.0059* 0.0598 0.098
0.0206* 0.3030 0.230

°: The number of microinjected and transferred embryos and of pups born were similar in the three groups; *: different
(p < 0.05) by a Student T test for non-paired samples with Levene’s test for equality of variances supported by SPSS$5.01 for

Windows (SPSS Inc, USA).

230

Biotecnologia Aplicada 1997; Vol. 14, No 4



José de la Fuente et al.

Regulation of type | IFN system

1. Issacs A, Uindenmann J. Virus Interference.
I. The Interferons.
1957,8147:258-267.

Proc Royal Soc lond

2. Taniguchi T, Sakai M, Fujii-Kuriyama Y,
Muramatsu M, Kobayashi S, Sudo T. Con-
identification of a bacterial
plasmid containing the human fibroblast in-
terferon gene sequence. Proc Japan Acad
1979,Ser B55:464-469.

3. Nagata S, Mantei N, Weissmann C. The
structure of eight or more distinct chromoso-
mal genes for human interferon-a. Nature
1980,287:401-408.

4. Lépez-Saura P. What is interferon good
for? Ten years of experience in Cuba. Biotec-
nologia Aplicada 1992,9:207-227.

struction and

5. Weissmann C, Weber H. The interferon
genes. Prog Nucleic Acid Res Mol Biol
1986,33:251-300.

6. Vilcek J. Interferons. In: Peptide growth
fadtors and their receptors. Handbook of ex-
perimental pharmacology. In: MA Spom, AB
Roberts, (eds);New York: Springer-Verlag,
1990,3-38.

7. Imakawa K, Hansen TR, Malathy P-V, An-
thony RV, Polites HG, Marotti KR, Roberts RM.
Molecular cloning and characterization of
complementary deoxyribonucleic acids corre-
sponding to bovine trophoblast protein-1: A
comparison with ovine trophoblast protein-1
and bovine interferon —all. Mol Endocrinol
1989,3:127-139.

8. Taniguchi T. In: The biology of the inter-
feron system (Kawade and Kobayashi eds.).
Tokyo 1990;3-10.

9. Maniatis T. In: Transcriptional regulation,
Part 2 (McKnight and Yamamoto eds.). CSH
1992;1193-1220.

10. Matsuyama T, Kimura T, Kitagawa M,
Pfeffer K, Kawakami T, Watanabe N et al.
Targeted disruption of IRF-1 or IRF-2 results
in abnormal type | IFN gene induction and
abermant  lymphocyte  development.  Cell
1993,;75:83-97.

11. Reis LFL, Ruffner H, Stark G, Aguet M,
Weissman C. Mice devoid of
regulatory fadtor 1 (IRF-1) show normal ex-
pression of type | interferon genes. The
EMBO J 1994,13:4798-4806.

12. Harada H, Takashi E-l, lItoh S, Harada K,
Hori T-A, Taniguchi T. Strudure and regula-
tion of the human interferon regulatory factor
1 (IRF-1) and IRF-2 Genes: Implications for a
Network in the Interferon System. Mol Cell
Biol 1994,14:1500-1509.

interferon

13. Willman CL, Sever CE, Pallavicini MG,
Harada H, Tanaka N, Slovak ML et al.

Deletion of IRF-1, mapping to chromosome
5q31.1, in human leukemia and preleukemia
myelodysplasia. Science 1993,259:968-971.

14. Harada H, Kitagawa M, Tanaka N, Ya-
mamoto H, Harada K, Ishihara M, Taniguchi
T. Anti-oncogenic and oncogenic potential of
interferon regulatory fadors -1 and -2. Sci-
ence 1993,;259:971-974.

15. Tanaka N, Ishihara M, Kitagawa M, Ha-
rada H, Kimura T, Matsuyama T et al. Cellu-
lar commitment to oncogene-induced trans-
formation or apoptosis is dependent on the
transcription factor IRF-1. Cell 1994,;77:829-
839.

16. Mac Donald N, Kuhl D, Maguire D, Naf
D, Gallant P, Goswamy A et al. Different
pathways mediate virus inducibility of the
human IFN-al and IFN-a genes. Cell
1990,60:767-779.

17. Harada H, Willison K, Sakakibara J, Mi-
yamoto M, Fujita T, Taniguchi T. Absence of
the type | interferon system in EC cells: Tran-
scriptional adtivator (IRF-1) and (IRF-2) genes
Cell

are  developmentally  regulated.

1990,63:303-312.

18. Tovey MG, Streuli M, Gresser |, Gugen-
heim J, Blanchard B, Guymarho J ef al. In-
terferon messenger RNA is produced consti-
tutively in the organs for normal individuals.
Proc Natl Acad Sci USA 1987,84:5038-5042.

19. Khan NUD, Pulford KAF, Farquharson
MA, Howatson A, Stewart C, Jackson R ef al.
The distribution of
feron-alpha in normal human tissues. Immu-
nology 1989,66:201.

20. Khan NUD, Gibson A, Foulis AK. The dis-
tribution of immunoreadive interferon-alpha

immunoreactive inter-

in formalin-fixed paraffin embedded normal
human fetal and infant tissues. Immunology
1990,;71:230.

21. Greenway AL, Brandt ER, Hertzog PJ, De-
venish RJ, Linnane AW. Post-transcriptional
regulation of interferon-alpha 4 subtype pro-
duction by lymphoblastoid cells. Hematol
Oncology 1993,23:229-235.

22. Riego E, Pérez A, Martinez R, Castro FO,
Lleonart R, de la Fuente J. Differential con-
stitutive expression of interferon genes in
early mouse embryos. Mol Reprod Dev
1995;41:157-166.

23. Barlow DP, Randle BJ, Burke DC. Inter-
feron synthesis in the early post-implantation
mouse embryos. Differentiation 1984,27:

299-235.

24. Cross JC, Farin CE, Sharnf SF, Roberts RM.
Characterization of the antiviral adivity con-
stitutively produced by murine conceptuses:

Received in March, 1997. Accepted
for publication July, 1997.

231

Absence of placental mRNAs for interferon
alpha and beta. Mol Reprod Dev 1990;bn
26:122-128.

25. Nieder GL. secretion by the
mouse trophoblast during attachment and
outgrowth in vitro. Biol Reprod 1990,;43:251-
259.

Protein

26. Civas A, Dion M, Yodjdani G, Doly J. Re-
pression of the murine interferon o 11 gene:
identification of negatively adling sequences.
Nudl Acid Res 1990;19:4497-4502.

27. Rothsteins L, Johnson D, Delogia JA,
Skowronski J, Solter D, Knowles B. Gene ex-
pression during preimplantation mouse de-
velopment. Genes Dev 1991,;6:1190-1201.

28. Pal SK, Crowell R, Kiessling AA, Cooper
GM. Expression of proto-oncogens in mouse
eggs and preimplatation embryos. Mol Re-
prod Dev 1993,35:8-15.

29. Ruffner H, Reis LFL, NF D, Weissmann C.
Induction of type | interferon genes and in-
terferon-inducible genes in embryonal stem
cells devoid of interferon regulatory factor 1.
Proc Natl Acad Sci USA 1993;90:11503-
11507.

30. Belhumeur P, Lanoix J, Blais Y, Porget D,
Steyaert A, Skup D. Action of spontaneously
produced beta interferon in differentiation of
embryonal carcinoma cells shrough an auto-
indudion  mechanism. Mol Cell Biol

1993;13:2846-2857.

31. Haggarty A, Ponton A, Paterno GD, Diag-
neavlt L, Skup D. An embryonic DNA-binding
protein specific for a region of the human
IFN-B1 promoter. Nucl Acids Res 1988;16:
10575-10592.

32. Yan den Broek MF, Muller U, Huang S,
Aguet M, Zinkernagel RM. Antiviral defense
in mice lacking both alpha/beta and gamma
interferon 1995,69:
4792-4796.

receptors. J Virology

33. Hekman ACP, Trapman J, Mulder AH, van
Gaalen JLM, Zwarthoff EC. Interferon expres-
sion in testes of transgenic mice leads to ste-
rility. } Biol Chem 1988,263:12151-12155.

34. Riego E, Castro FO, de la Fuente J. Re-
duced transgenic efficency in mice with
transgenes directing a high level expression
of human interferon regulatory factor-1. In-
terferon and Cytokine Res 1995;15 (Suppl. 1):
$130.

35. Daugherty B, Martin-Zanca D, Helder B,
Collier K, Seamans TC, Hotta K, Petska S.
Isolation and bacterial expression of @ murine
alpha leukocyte interferon gene. J IFN
Res 1984;4:635-643.

Biotecnologia Aplicada 1997; Vol. 14, No. 4



	226.tif
	227.tif
	228.tif
	229.tif
	230.tif
	231.tif

