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Human fibroblast interferon (Hu IFN~) was directly introduced 
with glass micropipets into the cytoplasm of Hela cells. Such 
an injection of more than 10 4 molecules per cell failed to 
induce any antiviral state when challenged with vesicular 
stomatitis virus (VSV). 
These findings are discussed in relation to the possible role 
of internalization in the mechanism of an%iviral action of 
interferon. 

There is now direct evidence that in the first step of its inter- 

action with the cells, interferon binds to plasma membrane specific 

receptors, as demonstrated in murine (I) and human (2) cells. This leads 

to early modifications e.g. an inhibition of capping of conA receptors 

(3) or a transient increase in cGMP intraoellular concentration (4), as 

well as more slowly developing effects which require cell nucleus 

activation e.g. the development of an antiviral state (5, 6). 

There is a paucity of experimental data concerning the mechanism of 

information transfer from the cell surface to the nucleus. The intraeellular 

concentrations of eGMP (4) and cAMP (7, 8) increase significantly upon 

interferon treatment but this is probably irrelevant (4, 9, 10) at least 

to the development of an IFN-induced antiviral state. 

The internalization of IFN itself or of a fragment of the molecule , 

as documented for several polypeptide hormones (11), might be another 

way of transferring a signal downstream from the receptor. The immobi- 
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lization of mouse IFN on Sepharose beads (12) does not impair its 

antiviral activity which would argue against the necessity of its pene- 

tration into the cell. However, leakage of the ligand from its support 

cannot be eliminated in such experiments. Evidence for (Baglioni, 

personal communication) and against (13) internalization of purified 

1251 labelled IFNs have been provided recently. Primary amines, which 

are known inhibitors of receptor-mediated endocytosis, have been tested 

recently for their effects on IFN-induced antiviral action (14, 15). 

If however dansyl cadaverin or ammonium chloride are effective in 

inhibiting the development of an antiviral state, methylamine and the 

transglutaminase inhibitor bacitracin are not. 

An alternative approach to this problem consists in the deliberate 

introduction of IFNs in cells. Human IFN has been successfully incorpo- 

rated into different forms of liposomes (16, 17) and yet able to induce 

an antivtral state (18) without prior disruption of the liposome structure. 

Unfortunately however, the mode of interaction of liposomes-associated 

material with cells is insufficiently clear to draw definitive conclusions 

on the way IFN acts in these cases. 

We examine here whether the direct microinjection with micropipets 

of human fibroblast interferon (Hu IFN~) in the Hela cells allows the 

development of an antiviral state. 

Naterials and Methods 

Materials 

Human fibroblast interferon (Hu IFN~) was obtained from Dr. A. Bill~au 

(Rega Institute, University of Leuven). It was partially purified to a 

specific activity of 106 units/mg protein from poly (rl) poly (rC) super- 

induced human fibroblasts as described by Heine et al. (19). 

Hu IFN~ antiserum was also kindly provided by Dr. A. Billiau and used at 

a concentration sufficient to neutralize 10 times the amount of interferon 

present in the incubation medium. 
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Vesicular stomatitis virus (Indiana strain) was obtained from Dr. J. Content 

(Pasteur Institute, Brussels). 

Cells cultures 

For maintenance, Hela cells were grown in monolayers in RPM! 1640 

medium supplemented with 10 % (v/v) fetal calf serum. 

For microinjeotion experiments, Hela cells were grown on small pieces of 

glass (2 mm 2) so that approximately 200 cells attach to each glass 

fragment (20). 

Cell microin~ection 

Cells microinjections were performed according to the method originally 

described by Craessmann (21). A volume of 510-I0ml (average value) was 

injected into the cytoplasm of each recipient cells with glass micro- 

pipets having a diameter at the tip of about 0,5 to I pm. Injections were 

monitored under a phase contrast microscope (total magnification of 320) (22). 

Assa~ of interferon antiviral activity 

Cells were infected with Y~V at a multiplicity of 20-50 for 1 h at 

37 ° in RPMI medium supplemented with 2 % FCS. The unadsorbed virus was 

carefully removed by 3 washings with RPMI containing 10 % FCS. The number 

of plaque forming units was determined 15 hours later according to 

published procedures (23). 

Results and Discussion 

As mentioned above contradictory experimental data have been provided 

concerning the penetration of interferons in cells which in any case could 

be irrelevant to its biological activity. Direct microinjection experiments 

of the IFN~ in Hela cells with micropipets have thus been performed and 

their effect on the replication of VSV has been examined. The results of 

representative experiments have been summarized in Table I. 

It has proven difficult to prevent completely cell leakage during the 

process of microinjection as well as during their subsequent incubation 
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Table I. 

Effect of Hu IFN~ microinjection on the production of VSV by Hela cells. 

Expt.n ° Cell treatment Virus yield (pfu/200 cells) 

I CONT 1.0 X 104 

IFN out 0 

IFN out + IFN antiserum 8.4 X 10 3 

IFN in 7.8 X 10 3 

2 c o ~  3.5 x l o  4 

IFN out 0 

IFN in 6.3 X 104 

3 CONT 1.8 X 103 

IFN out 

IFN in 2.1X 10 ~ 

Hela cells grown on 2 mm 2 glass pieces were microinjected with 5 X 10 -~ ml 

each of a solution of Hu IFN~ as described in Material and Methods. 

Uninjected cells were incubated in parallel in the absence (CONT) or presence 

(In out) of 1OOu/ml of Hu I~. When added (IFN in and In out + ant~ In) 

human interferon antiserum was added at a concentration sufficient to 

neutralize interferon in the incubation medlum. After 10 (expt. 2) or 1 5 

(expts. I and 3) hours incubatzon, the cells were challenged with VSV and 

the yield of ~irus was determined as described in Material and ~ethods. 

(data not shown). This problem was ciroummented by the addition in the 

incubation medium of human interferon antiserum in excess. 

As documented in Table 1, the introduction of the IFN~ in Hela cells 

cytoplasm does not provide any significant reduation in the amount of VSV 

produced whether the cells were challenged 10 or 15 hours after the onset 

of interferon treatment. Shorter periods of interferon treatment did not 

lead to any significant antiviral protection as well whether interferon was 

microinjected or added in the incubation medium (data not shown). Measurement 

of viral RNA synthesis has proven impossible to do on such low amounts of 

infected cells (data not shown). 
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If indeed pure Hu IFN~ has a specific activity of about 5 X 108 u/mg 

protein and a molecular weight of 20,000 daltons, 5 X 10 -10 ml of a solution 

titrating 5 X 105 u/ml should contain about 1.5 X 104 molecules of interferon. 

This has to be compared with the number of specific IFN receptors estimated 

to be around a few thousands per cell at the most (25). 

Our data thus suggest that interferon does not promote an antiviral activity 

upon entering cell cytoplasm as such. 

It is however fully possible that binding to specific receptors induces 

modifications and/or cleavages of the IFN molecule whose further interna- 

lization would then initiate a biological response. Small peptides have 

been recently implicated in the mechanism of action of polypeptide hormones 

as for instance prolactin (26). It could be also that interferon needs %o be 

directed to the proper cell comportment to be active although recent 

studies on the fate of radiolabelled purified mouse interferon do not 

support a binding-induced internalization of interferon followed by its 

degradation ~n lysosomes (25). Alternat~vely interferon dellvery at the 

adequate concentration at the active site could be severely limited if its 

half-life is too short when microinjected in the cytoplasm. This would 

be particularly crucial if indeed the development of interferon responses 

and/or their maintenance requires its continuous presence at the cell 

surface (27 and Lebleu et al., unpublished data). 
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