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Description

[0001] The present invention relates to a process for the preparation of a cytokine by genetic recombination tech-
nology. More particularly, the present invention relates to a process for preparing a cytokine useful as a medicine inex-
pensively in large amounts by expressing the cytokine in eggs using Sendai virus vector.
[0002] Cytokines such as interferons (IFN), interleukins, colony-stimulating factors (CSF) and tumor necrosis fac-
tors (TNF) are proteinous physiologically active biogenic substances which control cellular responses such as cell rep-
lication, differentiation, maintenance of existence, cell death, or expressions of functions, regulate immune system and
inflammation reaction, and maintain homeostasis in cells or tissues. A cytokine network is formed because a single
cytokine has many activities (pleiotropy), some cytokines have redundant activities (redundancy), and many cytokines
have interactions in a single cell.
[0003] The most commonly known interferons are interferon α, β and γ, which have antivirus activities, inhibitory
activities on cell proliferation, and regulatory activities on immunity, etc.
[0004] Interleukins are a group of biologically active substances which are produced by immunocompetent cells
such as lymphocytes, monocytes, or macrophages. At present interleukins 1 - 18 have been elucidated. Colony-stimu-
lating factors include a granulocyte colony-stimulating factor (G-CSF) having an activity for forming neutrophil colonies,
a macrophage colony-stimulating factor (M-CSF) having an activity for forming a macrophage colony, and a granulocyte
macrophage colony-stimulating factor (GM-CSF) having an activity for forming a granulocyte/macrophage mixed col-
ony. Other cytokines include a tumor necrosis factor (TNF), a transforming growth factor (TGF-β) super family including
TGF-β as a representative, growth factors such as an epidermal growth factor (EGF) or a platelet-derived growth factor
(PDGF), and hematopoietic factors such as erythropoietin or thrombopoietin.
[0005] Some of the cytokines described above have been commercially manufactured by genetic recombination
technology or are in the course of development since they are useful as agents for treatment of various infectious dis-
eases, tumors, thrombocytopenia, neuropenia, aplastic anemia, etc.
[0006] Generally, when medications comprising proteins or peptides are prepared from organs or blood, there are
problems of shortage and high cost of materials, risk of infection, etc. In order to solve these problems, methods for pre-
paring proteins or peptides as medications by utilizing genetic engineering have been developed. As mass expression
systems of proteins for medical use, there have been expression systems using a procaryote such as E. coli as a host,
those using yeast which is eucaryotic and unicellular cell as a host, those using a baculovirus expression system and
employing insect cells as a host, those using mammalian cells such as Chinese hamster ovary cells (CHO cells) as a
host, etc. Also, recently it has become possible to produce transgenic animals which are animal individuals integrated
by foreign genes, and methods for preparing useful proteins by using these animals have been developed. For example,
a method in which a characteristic is expressed specifically in mammary gland cells such as those of a cow, a sheep,
or a goat, a useful protein is secreted into milk, and the protein of interest is recovered is anticipated as a mass expres-
sion system for preparing useful proteins. At present, such a method is being developed as an inexpensive method for
preparing blood preparations such as human serum albumin, and it has been attempted to secrete the thrombolytic
drug, t-PA, into goat milk.
[0007] As to production of cytokines using genetic engineering, interferon-α, interferon-β, interferon-γ, interleukin-
2, etc. have been produced or proposed to be produced in E. coli systems, G-CSF and interleukin-11 have been pro-
duced or proposed to be produced in CHO cell systems, and GM-CSF has been produced or proposed to be produced
in yeast systems.
[0008] However, the above-described prior art expression systems for useful proteins have various problems, and
especially when the protein of interest has sugar chains, there is a problem of whether sugar chains can be bound to
the expressed protein in a host of an expression system. In E. coli systems, mass culturing can be carried out and the
growth rate is high, but sugar chains are not bound to expressed proteins. Also, in E. coli, the proteins which are pro-
duced are usually accumulated within the cells, and therefore, isolation and purification including isolation of cells from
the culture medium are expensive. In baculovirus expression systems using insect cells, sugar chains are bound, but
are bound in a different way from in mammals.
[0009] Expression systems using mammalian cells as hosts are not practical since the yield is extremely low, the
cost is high especially when CHO cells which require expensive fetal bovine serum are used, and there is a risk of con-
tamination of retrovirus in the cells.
[0010] Methods using transgenic animals require much labor and money when producing transgenic animals for
the first time, and the amount of expression is still inadequate.
[0011] In order to put a method for preparation of a useful protein by recombinant DNA technology to practical use,
it is important whether the produced protein is naturally occurring, what are the effects and side effects of the protein
as a medication, and whether the protein can be expressed in large amounts and effectively. The ease and cost of iso-
lation and purification, the maintenance of protein activity during a purification process, and the ease of formulation of
drugs are also important.
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[0012] As mentioned above, it is difficult to produce cytokines having sugar chains in a way similar to mammals in
the form of naturally occurring proteins in large amounts and inexpensively by prior art expression systems for proteins.

[0013] It is an object of the present invention to provide a process for producing a naturally occurring cytokine in
large amounts and inexpensively.
[0014] As a result of investigation to solve the problems of the prior art expression systems for proteins described
above, the present inventors found that proteins having sugar chains close to those of mammals can be produced in
large amounts and inexpensively by using Sendai virus vector and expressing the proteins in hen's eggs, and also
found that in the present system the proteins are released into the chorioallantoic fluid of hen's eggs in large amounts,
so isolation and purification can be easily conducted, thereby establishing a mass production system for cytokines.
[0015] In one aspect, the present invention provides a process for preparing a cytokine, comprising infecting an egg
with recombinant Sendai virus containing a gene coding the cytokine and recovering the expressed cytokine.
[0016] The recombinant Sendai virus can be produced in a cell by insertion of a gene coding the cytokine into a
Sendai virus genome to produce a recombinant Sendai virus genome containing said cytokine gene and introduction
of the resulting construct into the cell. The cell to be used for production of the recombinant Sendai virus may be a cell
that expresses NP, P/C and L proteins of the Sendai virus.
[0017] The expressed cytokine may be recovered from the chorioallantoic fluid of the infected egg.
[0018] The cytokine obtained in accordance with the present process has sugar chains, or the expressed cytokine
is glycosylated.
[0019] The present process can be preferably applied to the process for preparation of interleukins.

Fig. 1 is a view showing the constitution of recombinant Sendai virus vector inserted by canine IFN-γ gene.
Fig. 2 is a view showing the expression of canine IFN-γ by western blotting analysis using rabbit antiserum against
canine IFN-γ expressed in E. coli.
Fig. 3 (a) and (b) are graphs showing the inductin of MHC class II molecule expression by IFN-γ.

[0020] In a preferred embodiment, a cytokine may be expressed by inserting a gene coding a cytokine such as
interferons or interleukins into a Sendai virus vector, introducing the resulting construct into a suitable cultured cell
which is capable of expressing early transcription and replication enzymes by a suitable technique such as transfection
to reconstruct Sendai virus, thereby producing recombinant Sendai virus, and infecting hen's eggs with this virus to
express the cytokine in the eggs as a host. The produced cytokine may be recovered after being released into chorio-
allantoic fluid of the eggs.
[0021] Sendai virus used as an expression vector in the present invention is classified as parainfluenza 1 virus of
the Paramyxovirus genus of the Paramyxoviridae family, and is named HVJ (Hemagglutinating virus of Japan), but is
often called SeV.
[0022] According to classification by genomic nucleic acid, Sendai virus belongs to a group of minus single-
stranded RNA virus of minus strand RNA virus of RNA virus. Among the RNA viruses having RNA as a genome, a
genome of plus strand RNA virus has infectivity by itself, but a genome of minus strand RNA virus has no infectivity.
That is to say, when plus strand RNA genome is introduced into a cell, this also functions as mRNA, and therefore the
proteins necessary for replication and particle formation can be produced depending on the translational function of a
host cell to form progeny viruses.
[0023] However, the genomes of minus strand RNA viruses to which Sendai virus belongs cannot function as
mRNA, and therefore genetic information cannot be expressed when minus strand RNA genome is introduced into a
cell. Minus strand RNA virus has RNA-dependent RNA polymerase in the virus particle, and soon after infection
genomic RNA of minus strand RNA virus is transcripted to plus strand RNA, i.e., mRNA. Also, Sendai virus transcripted
artificially in vitro does not produce virus particles, whether it is plus strand or minus strand, when it is introduced alone
into a cell.
[0024] In order to use a virus as a vector, it is necessary to reconstruct virus particles from virus genomes having
foreign genes integrated by gene manipulation. Methods for reconstructing Sendai viruses are disclosed particularly in
International Publication No. WO97-16539. The establishment of the reconstruction technique for Sendai viruses has
made it possible to reconstruct recombinant Sendai viruses from Sendai virus genomes inserted by foreign genes and
use Sendai virus as an expression vector.
[0025] The following methods are exemplified as methods for reconstructing Sendai virus.

(1) Recombinant cDNA coding recombinant Sendai virus vector genome constructed by genetic engineering is
transcripted in vitro to produce recombinant Sendai virus genomic RNA, and this RNA is incorporated into a host
which is able to express NP protein, P/C protein, and L protein of Sendai virus (each protein may have equal activ-
ity) concurrently to obtain recombinant Sendai virus vector.
(2) (i)Recombinant cDNA coding recombinant Sendai virus vector genome constructed by genetic engineering and
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(ii) a unit capable of transcripting this DNA as a template to form RNA are incorporated into a host which is able to
express NP protein, P/C protein, and L protein of Sendai virus (each protein may have equal activity) concurrently
to obtain recombinant Sendai virus vector (in this case, for example, (i) is linked downstream of a particular pro-
moter, and (ii) is DNA capable of expressing DNA-dependent RNA polymerase which acts on this particular pro-
moter).

[0026] Examples of hosts which are able to express NP protein, P/C protein, and L protein of Sendai virus concur-
rently include cells which are able to express all early transcription and replication enzymes, such as 293 cell-derived
cells containing NP, P/C, and L genes among Sendai virus genes in the chromosome, which cells are expressing NP
protein, P/C protein and L protein. Alternatively, when recombinant Sendai virus genomic RNA or cDNA is incorporated
into a cell, plasmids capable of expressing NP, P/C, and L protein may be cotransfected.
[0027] Sendai virus used in the present invention to be inserted by a cytokine gene may be a strain belonging to
parainfluenza 1 virus, such as Sendai virus Z strain or Sendai virus Fushimi strain. Also, incomplete particles such as
DI particles, synthesized oligonucleotides, etc. may be used as a part of starting materials.
[0028] Examples of cytokine genes which are inserted into Sendai virus vectors used in the present invention
include various interferons (interferon α, β and γ), various interleukins (interleukin 1 - 18), colony-stimulating factors (G-
CSF, M-CSF, GM-CSF, etc.), tumor necrosis factors (TNF-α, etc.), hematopoietic factors (erythropoietin, thrombopoie-
tin, etc.), TGF-β super family (TGF-β,beta-glycan, activin, inhibin, BMP family, follistatin etc.), growth factors (EGF, TGF-
α, HB-EGF, amphireglin, PDGF, FGF, IGF, HGF, VEGF, NGF, etc.) and other genes coding TNF/LT, Fas, etc.
[0029] The preparation and cloning of these genes may be conducted by any conventional method, such as by
selecting the gene using binding with a gene fragment or specific antibody or protein as an index from a cDNA library
prepared from RNA in tissues or cells capable of expressing the gene. Preferably, this may be conducted by PCR
(polymerase chain reaction) technique using primers designed from the reported sequence of the gene.
[0030] Insertion of a cytokine gene into a Sendai virus vector may be carried out in a conventional manner, and it
is known that when the site of the insertion is nearer to the NP gene, the inserted gene is expressed more.
[0031] Sendai virus vector having a cytokine gene inserted is reconstructed into Sendai virus in a suitable cultured
cell as explained above to obtain a recombinant Sendai virus.
[0032] In accordance with the present invention, hen's eggs are used as a host for expressing a protein. Eggs are
infected with the recombinant Sendai virus containing a cytokine gene as obtained above, and the expressed cytokine
is recovered from chorioallantoic fluid of the eggs. Cytokine may be recovered, for example, by concentration using
ultrafiltration dependent on molecular weight after the removal of Sendai virus by centrifugation, and may be purified
most conveniently by the affinity column technique using an antibody against the cytokine. When the affinity column
technique cannot be used, the purification may be carried out by various types of chromatography such as ion
exchange, gel filtration, or reverse phase chromatography.
[0033] The cytokine produced in eggs has high biological activity and stability and is supposed to have little side
effects, since it has sugar chains which are bound in a similar form to those of mammals, unlike the prior art cytokines
produced in an E. coli host or in a host of insect cells using baculovirus as a vector. Furthermore, Sendai virus itself has
no pathogeny to human beings and animals except mice and therefore is safe, while Sendai virus can be removed in a
purification process of an expressed cytokine.
[0034] In accordance with the present invention, a cytokine can be produced effectively in large amounts, since
Sendai viruses containing a cytokine gene grow well in eggs, and an expressed cytokine is released in large amounts
into chorioallantoic fluid. Additionally, eggs are inexpensive and easily available stock food, and the recovery and puri-
fication of a cytokine from chicken eggs is relatively simple and easy. Therefore, the method of the present invention is
very useful for practical mass production of a cytokine.
[0035] The following examples are given to further illustrate the present invention, but it should be understood that
the present invention is not limited to the specific details set forth in the examples.

EXAMPLE 1

[0036] This example illustrates the production of canine interferon-γ (IFN-γ) using a Sendai virus vector.
[0037] IFN-γ has antivirus and antitumor activities, and plays an important role as a mediator of the cytokine net-
work. IFN-γ promotes TH1 type immune response, and predominantly induction of class I and class II of major histo-
compatibility complex (MHC), induction of intercellular adhesion molecule-1(ICAM-1),
activation of 2',5'-oligoadenylate synthetase-RNase L pathway, and induction of apoptosis by induction of Fas and Fas
ligand are raised. Therefore, it is applied to treatment of various infectious diseases and tumors. Also, it is expected to
be useful as a cytokine adjuvant in vaccination. However, experiments in humans are restricted and it is difficult to con-
duct experiments in humans as to how advantageous an effect is obtained in fact and how undesirable an effect is
obtained. Therefore, in order to use as an animal model a dog which has a prolonged life span like humans and is sub-
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jected to actual clinical treatment and vaccination, canine IFN-γ was expressed using a Sendai virus expression system
as a mass expression system.

(i) Preparation of Sendai virus vector containing canine IFN-γ gene

[0038] Canine IFN-γ gene was cloned by amplifying open reading frame coding canine IFN--γ by PCR technique
using the following primers 1-4. The nucleotide sequence of canine IFN-γ gene is described in K.Devos et al., Journal
of Interferon Research Vol.12, p.95 - 102 (1992) and K.Zucker et al., Journal of Interferon Research Vol.12, p.191 - 194
(1992).

[0039] In order to insert cDNA clone of cloned canine IFN-γ into Sendai virus vector, the primer having Not1 site at
5'terminus (primer 1) and the primer having Not1 site at 5'terminus and having the transcription initiation signal and the
transcription termination signal which are necessary for transcription in Sendai virus (primer 4) were designed. Since
there is a nucleotide sequence in canine IFN-γ which is similar to the transcription termination signal of Sendai virus,
and since if this sequence is integrated into Sendai virus, there will be a risk of terminating transcription at the site of
the signal so as not to express canine IFN-γ of interest, the sequence was modified without the change of the amino
acids.
[0040] First, PCR was carried out in the combination of primer 1 and primer 2 and in the combination of primer 3
and primer 4, and each of the amplified fragments was extracted from the gel used for electrophoresis. Then, PCR was
carried out using a mixture of the amplified fragments as a template and using primer 1 and primer 4, and TA cloning
was conducted. The sequence was confirmed by the dideoxy method.
[0041] A part of the canine IFN-γ was changed by this PCR as follows:

nucleotide sequence ATAGAA → ATCGAG
amino acid Ile/Glu → Ile/Glu

[0042] From the plasmid containing the modified canine IFN-γ gene fragment, canine IFN-γ gene was excised with
restriction enzyme Not1, the primer having the Not1 restriction site, and inserted at the Not1 restriction site of Sendai
virus vector (see Fig.1). This plasmid was purified by cesium chloride density-gradient ultracentrifugation and was used
for transfection as explained below.

(2) Reconstruction of recombinant Sendai virus and recovery thereof from eggs

[0043] The plasmid containing canine IFN-γ gene fragment obtained above was cotransfected along with the follow-
ing plasmids capable of expressing three constitutive proteins of Sendai virus into LLCMK2 cells infected with vaccinia
virus, and recombinant Sendai virus particles were produced.

pGEM-N: gene coding nucleocapsid protein
pGEM-P: gene coding phosphorylating protein
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pGEM-L: gene coding large RNA polymerase

[0044] Vaccinia virus (vTF7-3) has T7 RNA polymerase gene for expressing the above three plasmids within the
cell by genetic recombination.
[0045] Reconstruction and recovery of recombinant Sendai virus from eggs were carried out as follows:
[0046] Vaccinia viruses (vTF7-3) were absorbed into 2.0 × 106 cells of LLCMK2 cell prepared in petri dish at a moi
of 2 plaque forming unit (PFU) for 1 hour, and the cells were washed twice with PBS. DOTAP (Boelinger Manhaim
Corp.) solution containing 10µg of the plasmid containing canine IFN-γ gene fragment (PIFN-γ-SeV), 4µg of pGEM-4,
2µg of pGEM-P, and 4µg of pGEM-L was added dropwise to the cells. The cells were cultured for 40 hours in the pres-
ence of 40µg /ml of citocine arabinoside and 100µg/ml of rifampicin and then the cells were recovered, and after three
freezings and thawings supernatant was recovered.
[0047] Recombinant Sendai viruses were supposed to be produced and contained in the supernatant, and there-
fore about 1000 fold-diluted supernatant was inoculated into chorioallantoic cavity of 10-day old chicken embryonic
eggs, and chorioallantoic fluid was recovered after three days. The presence of 1024-2048 HAV (hemaglutinin unit) of
the viruses was confirmed by HA assay (hemaglutinin assay). Furthermore, subculture was conducted in chicken
embryonic eggs where vaccinia viruses cannot grow in order to remove contaminate vaccinia viruses, even if little. The
obtained recombinant Sendai viruses were diluted to 0.1-1 HAU, and the diluted viruses were inoculated again into cho-
rioallantoic cavity of 10-day old chicken embryonic eggs and the recovery was conducted in the same manner.
[0048] The recovered Sendai virus was confirmed by the RT-RCR method to be recombinant Sendai virus contain-
ing a canine IFN-γ gene as follows. Total RNA was extracted from the chorioallantoic fluid of infected chicken embryonic
eggs with a commercially available RNA extraction kit, RT-PCR was carried our using the following primers, and the
presence of the recombinant Sendai virus was confirmed.

primer 5: CTTTGCTTTGCTGCCAAAG (SEQ ID No:5)
primer 6: TTTCGCTCCTCCTAGAGC (SEQ ID No:6)

[0049] Next, the expression of canine IFN-γ was confirmed and bioassay was carried out. The sample described
below is the sample wherein Sendai viruses were removed by ultracentrifugation and ultrafiltration from the chorioallan-
toic fluid obtained above.

(3) Confirmation of the expression of canine IFN-γ in chicken eggs

[0050] The expression of canine IFN-γ protein in the chorioallantoic fluid was confirmed by western blotting assay
using antiserum obtained by immunizing a rabbit with canine IFN-γ expressed in E.coli as follows.
[0051] The chorioallantoic fluid infected with recombinant canine IFN-γ-Sendai virus, the chorioallantoic fluid
infected with wild Sendai virus, and the chorioallantoic fluid of noninfected chicken embryonic eggs as a complete neg-
ative control were each subjected to ethanol precipitation and each precipitate was dissolved into a sample buffer. Also,
recombinant canine IFN-γ expressed using baculovirus expression system was dissolved in a sample buffer as a posi-
tive control of canine IFN-γ. All samples were subjected to electrophoresis in polyacrylamide gel, and each of the result-
ing proteins was transferred to a nitrocellulose membrane by s semidry blotting apparatus and was blocked with PBST
containing 5% skim milk. The primary antibody reaction was carried out using anti-canine IFN-γ rabbit antiserum diluted
10 fold with PBST containing 3% skim milk, and secondary antibody reaction was carried out using peroxidase-labelled
anti IgG rabbit antibody diluted 1000 fold with the same, and then the canine IFN-γ specific band was visualized with
diaminobenzidine. This confirmed that the canine IFN-γ protein was expressed in the chorioallantoic fluid infected with
canine IFN-γ recombinant Sendai virus. (See Fig.2)

(4)Bioassay

[0052] Bioassay was carried out as follows.
[0053] A72 cells were placed at a concentration of 3 × 104 cells/well on a 96 well plate, and on the next day each
100µ l/ml of serial 2-fold dilutions of the sample were added dropwise to the cells after the supernatant was removed.
[0054] After 24 hours, the cells were infected with 100TCID50 of Vesicluar Somatitis virus (VSV). On the next day,
the cells were fixed with formalin dyed with crystal violet, washed, and the dye was eluted and the absorbance was
measured. One laboratory unit (1LV) is defined as a concentration where cytopathic effect with VSV is inhibited by 50%.
The results are as follows:
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[0055] This bioassay utilizes the fact that an interferon has antiviral activity to enable determination of the activity of
the interferon. Among methods used often for measurement of virus titer, there is a method for measuring it as a degree
of cytopathic effect (CPE) which occurs when a virus infects a cell. An interferon has an inhibitory effect on virus growth.
When the virus is pretreated with the interferon, the growth of the virus is inhibited, so, the degree of CPE is decreased
depending on the interferon activity. One LV is defined as IFN titer of the dilution which inhibits CPE by 50% when the
cells pretreated with the sample dilution are infected with the viruses in an amount having 100% CPE.

(5) Purification of canine IFN-γ

[0056] The chorioallantoic fluid containing canine IFN-γ obtained in (2) was subjected to centrifugation and then
ultrafiltration to remove Sendai viruses from the fluid.
[0057] If further purification is desired, the following technique is available.
[0058] To the resulting fluid, 10mg/ml of controlled pore glass (PG 350-20, Shigma, USA) is added and rotated at
a temperature of 4°C for 20 hours to absorb canine IFN-γ. After centrifugation, the supernatant is removed and washing
with PBS is conducted 4 times. To this, PBS containing 1.4 M NaCl and 50% ethylene glycol is added at a rate of
25ml/10g of controlled pore glass. Further centrifugation is carried out at 4°C for 20 hours to release canine IFN-γ, and
after centrifugation of supernatant, canine IFN-γ is recovered. The supernatant is dialyzed with Buffer 1 (20mM Tris.C1,
1mM DTT, 5% ethylene glycol, 15% glycerol) and added to ion exchange chromatography equilibrated with the solution.
The elution is carried out using Buffer 2 (0.5M NaCl is added to Buffer 1) with a linear concentration gradient. The
obtained purified canine IFN-γ is further purified by gel filtration chromatography using Hiload 16/60 Superdex 75 and
dissolved in a suitable solution. The presence of canine IFN-γ in each step is confirmed by western blotting or bioassay.

(6) Assay for induction of MHC class II molecule expression by IFN-γ

[0059] The recombinant IFN-γ expressed in chorioallantoic fluid by Sendai virus was added to a culture medium of
MCCK cells of a canine kidney-derived cell strain, and incubation was carried out for 17 hours. Then, the cells were
washed with sorter buffer, incubated along with anti-canine MHC class II monochronal antibody for 30 minutes, washed
again with sorter buffer, and incubated along with FITC-labeled anti-mouse IgG antibody for 30 minutes. The cells were
again washed with sorter buffer and were analyzed by FAC Scan (See Fig. 3(a) and 3(b)). As a result, it is apparent that
IFN-γ expressed using Sendai virus can induce MHC class II molecule expression on the cells, like IFN-γ expressed
using baculovirus.
[0060] As explained above, according to the present invention, cytokines can be expressed effectively in large
amounts in chicken eggs by using Sendai virus vector expression system which is confirmed to be safe, and the purifi-
cation of the expressed cytokines is easy. The cytokines obtained are expected to be useful for medications because
they have sugar chains very similar to those of mammals, unlike the prior art expression system. Therefore, the present
invention contributes greatly to putting the system for producing cytokines as useful medications in large amounts inex-
pensively into practical use.

measurement of titer by inhibition of growth of VSV on A72 cells

chorioallantoic fluid infected with recombinant canine IFN-γ-SeV 160 LU/ml

chorioallantoic fluid infected with wild SeV <10 LU/ml

control chorioallantoic fluid <10 LU/ml
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Claims

1. A process for preparing a cytokine, comprising infecting an egg with a recombinant Sendai virus containing a gene
coding the cytokine and recovering the expressed cytokine.

2. The process according to claim 1, wherein the recombinant Sendai virus has been produced in a cell by insertion
of a gene coding said cytokine into a Sendai virus genome to produce a recombinant Sendai virus genome con-
taining said cytokine gene and introduction of the resulting construct into the cell.

3. The process according to claim 2, wherein the cell to be used for production of said recombinant Sendai virus is a
cell that expresses the NP, P/C, and L proteins of said Sendai virus.

4. The process according to claim 1, wherein the cytokine is an interferon.

5. The process according to claim 1, wherein said cytokine is recovered from the chorioallantoic fluid of said infected
egg.

6. The process according to claim 5, wherein said recovery is effected by centrifugation and ultrafiltration.

7. The process according to claim 1, wherein said expressed cytokine is glycosylated.

8. An egg that has been infected with a recombinant Sendai virus that contains a gene encoding a cytokine that
results in the production of said cytokine.

9. The egg of claim 8 wherein said cytokine is interferon.

10. The egg of claim 8 wherein said cytokine is gamma interferon.

11. A chorioallantoic fluid composition containing a cytokine isolated from the egg of claim 8.
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