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Abstract 
 

A few hundred human fibroblast strains were established from neonatal foreskins 

and several strains were selected as good sources for natural type human interferon beta 

(IFN-β) production in accordance with our criteria such as growth rate, life span, 

karyological normality, freezing stability, and producing ability. The primary cultures of 

selected strains had typical fibroblasts morphorology and high IFN-β productivity. The in 

vitro life span was approximately 60 population doubling level (PDL) and karyotypic 

analysis indicated that over 90% of the cells had the normal human male diploid 

karyotype (46, XY). Now, one of the strains was used for producing natural human IFN-β 

for clinical use. Recently, it was found that the established cell lines could produce a 

large amount of various cytokines such as IL-6, IL-8, G-CSF, GM-CSF, GRO-α, GRO-β, 

IL-1α, IL-1β, IL-11, RANTES, and IFN-β in response to the stimulation of double-

stranded RNA. The IFN-β and other cytokine productions were enhanced by treating the 

cells with a low dose of IFN-β. However, the time course of these cytokine productions 

was different from that of IFN-β. The production peaks of these cytokines appeared after 

2 or 3 days of IFN-β production. The cytokine productions were inhibited by treating the 

cells with anti-human IFN-β monoclonal antibody. These data indicate that (1) various 

cytokine productions are mediated by previously induced IFN-β production, and (2) 

human fibroblasts might contribute to the host resistance by producing IFN-β and various 
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physiologically active substances against virus infection, inflammation, or tumor 

formation.  

 

Keywords: Human diploid fibroblasts, IFN-β, cytokine, double-stranded RNA, PDL, 

diploidy 

 

 

Introduction 
 

Fibroblasts are the most common cells of connective tissue in animals (Horoszewicz et 

al., 1978). It has been reported that fibroblasts could produce interferon beta in response to 

viral infection or the stimulation of synthetic double-stranded RNA using the cells derived 

from mouse or human tissue (Sano et al., 1974; Van Damme et al., 1981). Thereafter, it has 

been demonstrated that fibroblasts could also produce varying cytokines and hematopoietic 

growth factors such as interleukin-6 (IL-6) (Kohase et al., 1987), IL-8 (Van Damme et al., 

1989) and colony stimulating factors (CSF) such as G-CSF, M-CSF, and GM-CSF (Fibbe et 

al., 1988) in response to the stimulation of synthetic double-stranded RNA, polyriboinosinic-

polyribocytidylic acid (poly I : poly C). Double-stranded RNA is produced by most viruses at 

some point during their replication and is associated with viral infection (Jacobs and 

Langland, 1996).  

IFNs are a family of related cytokines that mediate a wide range of diverse functions 

including anti-viral, anti-proliferative, anti-tumor, and immuno-modulatory activities. IFNs 

are currently classified into two major groups of type I and type II (Gresser, 1990). IFN-α, -β, 

and –ω are included in type I IFN. The type II IFN is designated IFN-γ, also known as 

immune IFN. These two types of IFNs bind to distinct cellular receptors and activate both 

individual and overlapping pathways. Recently, some molecules relating to the activation of 

IFN-β gene and subsequent IFN-β inducible genes (e.g., cytokine and chomkine genes) 

induced by double-stranded RNA have been identified. Toll-like receptor 3 (TLR3) was 

identified as a receptor for double-stranded RNA produced by viruses and it was certified to 

be necessary for IFN-β gene activation (Alexopoulou et al., 2001).  

Following IFN-β gene activation, some cytokine mRNAs such as RANTES, 

MCAF/MCP-1, and IP-10 were also demonstrated to be activated (Yamamoto, et al., 2002). 

Thereafter, some molecules relating down-stream pathway of TLR3 have been identified 

(Yamamoto et al., 2003; Oshiumi et al., 2003). However, very little is known about the 

production mechanisms of many other biological substances detected in fibroblasts. 

IFN-β has been produced by a super-induction method. The method has been devised as 

an effective production method for IFN-β by treating the cells with the metabolic inhibitores 

such as cycloheximide and actinimycin-D after poly I : poly C stimulation (Billiau et al., 

1973; Vilcek et al., 1976). In this method, IFN-β production was enhanced by inhibiting the 

synthesis of represser proteins appeared later than IFN-β using metabolic inhibitors. 

It has been demonstrated that the fibroblasts derived from neonatal foreskins could 

produce high level of human IFN-β (Lee et al., 2006); therefore, foreskin-derived fibroblasts 

appear to be suitable cells for preparation of human IFN-β for clinical application.  

However, the large scale culture of the cells has been difficult for their anchorage 

dependent growth. In our lab, we have established several human neonatal foreskin fibroblast 
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strains for IFN-β production and could construct a microcarrier culture system for large scale 

cultures of these fibroblasts (Sano et al.,1987).  

Recently, we found that foreskin derived fibroblasts can also produce various kinds of 

cytokines (e.g., IL-1α, IL-1β, IL-6, IL-8, IL-11, G-CSF, GM-CSF), followed by the 

stimulation of poly I : poly C. These results indicate that fibroblast cells may contribute to the 

self-defense mechanisms in a body by producing these biological substances.  

In this report, we introduced our works regarding the establishment of functional human 

diploid fibroblast strains derived from neonatal foreskins and productions of IFN-β and many 

other substances. The production mechanisms of cytokines will also be demonstrated.  

 

 

Methods 
 

This work was carried out in the basic research laboratories of Toray Industries, 

Kanagawa, Japan, and Proteios Research Inc. Kanagawa, Japan. 

 

 

Establishment of Cell Strains 
 

A few hundred fibroblast strains were established from neonatal foreskins kindly 

supplied from Dr. R.E. Gilis of the Providence Hospital, Anchorage, Alaska. Several strains 

were selected from these strains as good sources for human IFN-β production in accordance 

with our criteria (Table 1). The cells of 6 population doubling level (PDL), 14 PDL, and 22 

PDL were stored at the concentration of 2 × 10
6
 cells/ampoule in a liquid nitrogen container 

and a freezer at 80ºC, separately.



Table 1. Criteria for selection of functional human diploid fibroblast strains 

 

 R a n k i n g  

A  B C D E 

Doubling time Hr 24-48 48-72 72-96 96-120 >120 

Density 104/cm2 >7 3-7 0.7-3 0.07-0.7 <0.07 

Split ratio (a) Fold >32 32-16 16-8 8-4 4-2 

Life span PDL >50 50-40 40-30 30-20 <20 

Serum requirement % <5 5-10 10-15 15-20 >20 

Viability(liquid N2) (b) % >90 90-80 80-70 70-50 <50 

Diploidy % >90 90-80 80-70 70-60 <60 

Stability (c) Days >14 14-10 10-6 6-3 <3 

IFN-β production IU/mL >5,000 5-3,000 3-1,000 1,000-200 <200 

(a)Dilution ratio able to form complete confluent culture. 

(b)Viability of 1 × 10
6
 cells stored in liquid N2 after a week. 

(c)Maintenance days of confluent culture grown in culture flasks. 

 

 

Cell Cultures 
 

The cells were maintained in culture flasks (Corning, NY) routinely and experiments 

were usually performed using plastic tissue culture flasks and 6-well plates (Iwaki Glass, 
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Tokyo, Japan). An efficient microcarrier culture system established in our laboratory (Sano et 

al., 1987; Sano et al., 1988; Ohashi et al., 2003) was also employed as a stable production 

system for IFN-β and other cytokine productions at 200 mL scale. The growth medium for 

both the monolayer and microcarrier cultures was Eagle's minimum essential medium (MEM, 

Nissui Pharmaceutical, Tokyo, Japan) supplemented with 5% fetal calf serum (FCS, Life 

Technologies, Grand Island, NY). Experiments were usually performed using the cells of 20-

45 PDL with diploidy of over 95%. 

 

 

Production of IFN-β and Other Products 
 

Confluent cells were primed for 24 hr at 37ºC with 100 international units (IU)/mL of 

IFN-β (Toray Industries, Tokyo, Japan) in Eagle’s MEM. The cells were treated with 10 

μg/mL of poly I : poly C (Yamasa Corporation, Chiba, Japan) for 1hr and incubated for 5 to 6 

days for the release of IFN-β and other products. For the comparison of productivity, a super-

induction method was also used. The super-induction was carried out according to the 

procedure described by Vilcek et al. (1976). The cells primed with 100 IU/mL of IFN-β were 

stimulated with 10 μg/mL of poly I : poly C and treated with 5 μg/mL of cycloheximide 

(Wako Pure Chemical, Osaka, Japan) for 4 hr and with 4μg/mL of actinomycin-D (Makor 

Chemical, Jerusalem, Israel) for 1 hr. 

 

 

Quantifications of IFN-β and Other Products 
 

The quantities of IFN-β and other products were determined by ELISA systems. The kits 

for IFN-β, IL-6, and IL-8 were developed in Toray Industries, Tokyo, Japan, (Yamazaki et 

al., 1989; Ida et al., 1990; Ida et al., 1992) and the yields of GM-CSF, G-CSF, IL-1α, IL-1β, 

IL-11, RANTES, and TNF-α were assayed by the ELISA kits purchased from R&D Systems 

(Minneapolis, MN). The amounts of GRO-α and GRO-β were determined by the kits 

developed by Immuno-Biological Laboratories (Gunma, Japan). 

 

 

Northern Blot Analysis 
 

Poly(A)
+
RNA was isolated from the disruption of fibroblast cells (FC1) stimulated with 

poly I : poly C after priming the cells with IFN-β by incubating with oligo-(dT) cellulose, and 

washing and eluting retained poly(A)
+
RNA using Fast Track mRNA isolation kit (Invitrogen, 

San Diego, CA). Poly(A)
+
RNA was separated by gel electrophoresis and transferred 

overnight to nylon filters (Hybond N, Amersham Pharmacia Biotech, Piscataway, NJ). 

Northern blot hybridization was carried out using nucleotide fragments labeled with [α-
32

P] 

dCTP as probes, and hybridized filters were autoradiographed. Probes used were full-length 

IL-6, GM-CSF, and IFN-β cDNA. The filter was analyzed using Bioimage Analyzer, BAS 

2000 (Fuji Photo Film Co., Tokyo, Japan).  
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Neutralization of IFN-β Activities by Monoclonal Antibody 
 

A mouse anti-human IFN-β1 monoclonal antibody used to neutralize poly I : poly C- 

induced IFN-β production was prepared in Toray Industries (Tokyo, Japan). A mouse anti-

human MCAF monoclonal antibody prepared by Toray Industries (Tokyo, Japan) was used as 

a control antibody of the same iso-type as anti-IFN-β. The cells primed with IFN-β were 

treated with poly I : poly C in the presence of various concentrations of anti-human IFN-β 

antibody. 

 

 

Chromosome Number and Karyotype Analysis 
 

The chromosome number and karyotypic analysis were carried out according to the 

slightly modified procedures reported by Imai (1975) and Yoshida et al. (1984). The growing 

cells were treated with the hypotonic salt solution and fixed on the clean slides. The slides 

were used for chromosome number and karyotypic analysis by lining up and counting the 

chromosomes of homologous pair observed by G-band staining using Giemsa solution 

(Sigma-Aldrich, St.Louis, MO) according to Seabright’s method (Seabright, 1971) with a 

slight modification by Yoshida et al. (1984). 

 

 

Tumorigenicity Test 
 

12-week old male mice (nu/nu) were used. 1 × 10
6
 of Hela cells and 1 × 10

7
 of FC-1 cells 

were inoculated subcutaneously into each of 5 nude mice. The number of mice formed tumors 

with the size of about 2 × 1 × 0.5 cm
3
 was counted after 24 days of cell inoculation. 

 

 

Results 
 

Selection and Characterization of Cell Strains for IFN-β Production 
 

A few hundred fibroblast strains have been established from human neonatal foreskins. 

Several strains were selected as good producing cells according to the criteria shown in Table 

1. Five rankings were set up to evaluate the response of the cell strains; however, it has been 

difficult to find cell strains which achieve a high ranking for all items. Several strains 

demonstrated “A” abilities in most items and “B” abilities in a few. These cell strains were 

selected as candidates for the production of human IFN-β. Ampoule stocks of the candidate 

cells at 6 PDL were kept in liquid nitrogen tank as the primary cell stocks. The characteristics 

of the three promising cell strains (FC-1, FC-2, and FC-3) were shown in Table 2. These cells 

had typical fibroblast morphology and grew well to form a uniform monolayer. The in vitro 

life span was approximately 60 PDL. As shown in Fig. 1, karyotypic analysis indicated that 

over 90% of the cells (even in older generations) had the normal diploid chromosomes for the 

human male karyotype (46, XY). Furthermore, the obvious chromosomal changes such as the 

deletion and the translocation were not detected in these cells. Table 3 shows that FC-1 (32 
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PDL) exhibited no tumorigenicity in nude mice. When 1 × 10
6
 HeLa cells were inoculated 

into each of 5 nude mice by subcutaneous injection, tumor formation was clearly observed in 

all mice tested. Whereas, even the injection of 1 × 10
7 

FC-1 cells per mouse did not cause 

tumor formation. These cells were free of detectable adventitious agents such as viruses, 

mycoplasma, bacteria, and fungi. Therefore, these cell strains were expected as the primary 

sources for large-scale preparation of human IFN-β for clinical use. 

 

 

Priming Effects of IFN-β on IFN-β and other Cytokine Productions 
 

IFN-β and other cytokines were produced by stimulating the cells with poly I : poly C 

after priming with a low dose of IFN-β (100 IU/mL) as described in METHODS. The 

priming effect of IFN-β on the production of IFN-β and other cytokines was examined using 

FC-1 cells. As shown in Fig. 2, the production of IFN-β and other products increased 5- to -

40 fold by treating the cells with 100 IU/mL of IFN-β for 18-24 hr. The priming effect by 

type 1 IFN has been well known in IFN-β production by poly I : poly C. However, the effects 

on cytokine productions were found for the first time in this study. These results indicated the 

existence of the common synthesis mechanism in IFN-β and cytokine productions.  

 

 

Figure 1. Karyotypic analysis. A: Distribution of chromosome numbers of aged FC-1, FC-2, and FC-3 

cells. B: The homologous pairs classified by G-band staining. 
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Table 2. Ranking of FC cells in each item for selection 

 

 Ranking 

FC-1 FC-2 FC-3 

Doubling time A A A 

Density A A A 

Split ratio A B B 

Life span A A A 

Serum requirement A A A 

Viability in liquid N2 B B B 

Diploidy (Karyology) A A A 

Stability B A B 

IFN-β productivity A A A 

 

 

Figure 2. Priming effects of IFN-β on IFN-β and other cytokine productions. The confluent FC-1 cells 

grown in microcarrier cultures were treated with 100 IU/mL of IFN-β for 24 hr at 37ºC prior to poly I : 

poly C stimulation (10 μg/ml). Culture supernatants were harvested at 2 days for IFN-β and at 5 days 

for other cytokines after stimulation. The contents of IFN-β and other cytokines were determined by 

ELISA kits.(-), not priming; (P), priming. (Referred from J Cell Biochem (2007) 100:1464). 
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Figure 3. Production time courses of IFN-β and other cytokines. A: IFN-β and other cytokine 

productions. The supernatants in microcarrier cultures were harvested every 2 days for the 

determination of cytokine contents. B: Northern blot analysis. The expression patterns of IFN-β, IL-6, 

and GM-CSF mRNA under various conditions were examined using FC-1 cells. (Referred from J Cell 

Biochem (2007) 100:1465). 

Table 3. Tumorigenicity of FC-1 cells in nude mice 

 

Cells Cells/Mouse(a) Tumor mice/Tested mice 

 Hela 106 5/5(b) 

 FC-1 (32 PDL) 107 0/5(c) 

(a) Mice used are 12-week-old males (nu/nu). 

(b) At 24 days after SC inoculation of the cells, the tumors with the size of about 2 × 1 × 0.5 cm
3
 

occurred in all mice tested. 

(c) Observation was carried out for 50 days after the inoculation. 

 

 

Differential Production Profile of IFN-β and other Cytokines 
 

Subsequently, the production time courses were examined. As shown in Fig. 3A, the 

maximum production of IFN-β was observed at 24-48 hr after poly I : poly C stimulation; 

however, the production peaks of other cytokines appeared at 2 or 3 days which were later 

than IFN-β production. Large amounts of cytokines were produced in this study while IFN-β 

yield is little. The results were confirmed by Northern blot analysis for the expression of IFN-
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β, IL-6, and GM-CSF mRNA. As shown in Fig. 3B, the expression peaks of IL-6 and GM-

CSF mRNA appeared at 10 hr after poly I : poly C stimulation was later than that of IFN-β (4 

hr). While, most cytokines were produced very little in super-induction method contrary to 

IFN-β production as previously reported (Emiko Sano et al., 2007). These results indicate that 

cytokine production mechanisms in fibroblasts stimulated with double-stranded RNA are 

different from those of IFN-β.  

 

 

Cytokine Productions Mediated by IFN-β 
 

The results of Fig. 3A and B indicate the autogenous IFN-β might be involved in the 

production processes of other cytokines although the priming effects by IFN-β are common. 

To certify this concept, the effects of neutralizing inducible IFN-β on the various cytokine 

productions were examined using specific monoclonal antibody against human IFN-β. FC-1 

cells primed with 100 IU/mL of IFN-β were stimulated with 10 μg/mL of poly I : poly C in 

the presence of various concentrations of anti-human IFN-β antibody. As shown in Fig. 4, the 

productions of IL-6, IL-8, GM-CSF, GRO-β, RANTES, and IFN-β were inhibited by the 

addition of IFN-β antibody in a dose dependent manner. The effects on the productions of IL-

1α, IL-1β, TNF-α, IL-11, G-CSF, GRO-α, and MCAF were also suppressed by the anti-IFN-β 

monoclonal antibody (data not shown). Whereas, the cytokine productions by poly I : poly C 

was not enhanced by the external addition of IFN-β, indicating that only autogenously 

induced IFN-β can induce various biological substances. In conclusion, IFN-β produced in 

dermal fibroblasts may play a key role in cytokine productions and contribute to self-defense 

against various diseases.  

 

 

Figure 4. Inhibition of IFN-β and other cytokine productions by anti-human IFN-β antibody. FC-1 cells 

grown in 6-well plates were primed with IFN-β (100 IU/mL) for 24 hr and stimulated with poly I : poly 

C (10μg/mL) in the presence of various concentrations of anti-IFN-β antibody. The corresponding 

dosage of MCAF monoclonal antibody was used as iso-type IgG control. (Referred from J Cell 

Biochem (2007) 100:1468. 
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