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ABSTRACT The human interferon (31 gene has been inserted
into simian virus 40 hybrid plasmid vectors carrying the bacterial
phosphotransferase gene (neo), and introduced into cultured
mammalian cells by DNA transfection. A majority of the trans-
formants resistant to the antibiotic G418 were capable of synthe-
sizing and secreting biologically active human interferon. The
neo/interferon transformants contain several copies of the trans-
fecting DNA integrated into cellular DNA sequences. In most
transformants the production ofhuman interferon and its mRNA
is induced by the addition ofpoly(rI)-poly(rC); by contrast, the level
of neo mRNA is not increased under the same conditions. The 5'
end of the human interferon mRNA produced after induction was
indistinguishable from the interferon mRNA induced in human
fibroblasts. This indicates that information enabling human I31
interferon gene to be induced by poly(rI)-poly(rC) is localized to
sequences within, or 5'-proximal to, the coding sequence.

The induction of interferon in mammalian cells is an attractive
model for studying regulation of gene expression. In contrast
to hormonal stimulation, which is limited to specific cell types
(1), almost all cells can be induced to produce interferons char-
acteristic of the particular cell (2). Moreover, interferons have
defined host range specificities and high specific biological ac-
tivities; hence, they can be readily identified and assayed.

Most fibroblast cells do not produce detectable quantities of
interferon constitutively (2). But shortly after virus infection or
exposure to inducers-e.g., poly(rI)-poly(rC) (2)-fibroblast in-
terferons appear in the culture medium. Because actinomycin
D blocks the induction of interferon synthesis, it has been sur-
mised that either de novo transcription of interferon genes or
stabilization of constitutively produced interferon mRNA is re-
sponsible for the inducible phenotype. Furthermore, because
inhibitors of protein synthesis do not inhibit the induction of
interferon mRNA (2, 3), induction is probably a primary re-
sponse, much as mouse mammary tumor virus gene expression
is induced by glucocorticoids (4), or ecdysone induces gene
expression in Drosophila (5).
A cDNA clone corresponding to the mRNA encoding the

major human fibroblast interferon (hIFN-,81) has been obtained
and characterized (6-8). Recently, a genomic DNA segment
specifying hIFN-,3l has been cloned and its sequence has been
determined (9-14). Comparison of the two DNA sequences
established that the genomic segment lacks intervening se-
quences. But examination of the nucleotide sequence of the
hIFN-,81 gene does not permit us to discern what regions are
needed for transcription, processing, and regulation.

As a prelude to such an analysis, the expression and inducibil-
ity of the hIFN-P1 gene has been examined after transduction
into cultured mammalian cells. This has been achieved by co-
transduction with a plasmid vector carrying a dominant select-

able gene, neo, that encodes abacterial phosphotransferase (15).
A high proportion ofthe cells selected for expression ofneo also
contain and express, inducibly or constitutively, the co-trans-
duced interferon gene. This result demonstrates that nucleotide
sequences involved in interferon induction by poly(rI)-poly(rC)
are contained within the 0.9-kilobase (kb) segment containing
the hIFN-P, gene. While this paper was being readied, similar
observations were reported by Ohno and Taniguchi (16).

METHODS
Cell Culture and Selection of Transductants. Mouse L cells

(obtained from T. C. Merigan, Stanford University) were main-
tained in Dulbecco's modified Eagle's medium containing peni-
cillin, streptomycin, and 5% newborn calfserum. Human fore-
skin fibroblasts (from T. C. Merigan) and rabbit kidney cells
(RK13, from R. H. L. Pang and J. Vilcek, New York University)
were maintained in the same medium containing 5% fetal calf
serum. The antibiotic G418 (provided by P. J. L. Daniels of
Schering) was stored in Dulbecco's modified Eagle's medium
(4 mg/ml) and diluted into culture medium as needed.

Supercoiled plasmid DNA was introduced into tissue culture
cells (10 ,g for about 5 x 106 cells) as a calcium phosphate pre-
cipitate (17) followed by a glycerol shock after 4 hr (18). About
48 hr later, the cells were trypsinized and replated at various
dilutions, the lowest being 1:20. Selection for G418 resistance
was instituted 12-16 hr later by the addition ofG418 at 400 ,ug/
ml (15). Transformed cells were subsequently maintained with
G418 at 200 ,ug/ml.

Interferon Induction. Mouse L cells and their transformants
were induced by incubation with poly(rI)poly(rC) (10 ,ug/ml)
in the presence of DEAE-dextran (100 ,g/ml) in phosphate-
buffered saline for 1 hr at 37°C. RK13 and human foreskin fi-
broblasts were induced with poly(rI)-poly(rC) at 50 and 100 ,g/
ml, respectively; noninduced control plates were treated sim-
ilarily but without poly(rI)-poly(rC). The cells were washed
twice with phosphate-buffered saline, covered with Dulbecco's
modified Eagle's medium (8 ml for a 100-mm plate) containing
penicillin, streptomycin, and the appropriate serum, and in-
cubated at 37°C. The medium was collected 24 hr later and
assayed for interferon activity.

Assay of Interferon. Interferon titers were determined in
microtiter plates by inhibition ofthe cytopathic effect on human
foreskin cells infected with vesicular stomatitis virus (VSV) (2)
and are expressed in reference standard units. Reference hIFN-
,B was supplied by the National Institute of Allergy and Infec-
tious Diseases. Analogous measurements for mouse interferon
were made by using L cells challenged with VSV.

Analysis of hIFN mRNA. Cytoplasmic poly(A)+RNA was
extracted (19) from confluent cultures of induced or control L

Abbreviations: SV40, simian virus 40; hIFN-/1, human fibroblast in-
terferon; kb, kilobase(s); VSV, vesicular stomatitis virus.
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cell transformants 8 hr after induction. RNA was also obtained
from nontransformed L cells subjected to the same induction
or control procedures and from human foreskin fibroblasts 6 hr
after they had been superinduced (20) for interferon production.
The position of the 5' end of the interferon mRNA was deter-
mined by using end-labeled DNA probes (21) and the S1 nu-
clease method described by Berk and Sharp (22). The end-la-
beled hybridization probes (indicated in the text) were prepared
by labeling the appropriate 5' ends in restriction fragments with
[y-32P]ATP and polynucleotide kinase (23). After hybridizing
the RNA preparations with excess labeled DNA probe, the
DNARNA hybrids were digested with S1 nuclease and the
protected fragments were analyzed by electrophoresis on neu-
tral 1.5% agarose gels (21, 22).

RESULTS
A 1.8-kb chromosomal DNA fragment containing the hIFN-A1
gene has been characterized (9-14) and shown to contain the
entire transcribed region for hIFN-P1 as well as 283 and 714
nucleotides in the 5' and 3' flanking sequences, respectively.
EcoRI cleavage of the recombinant clone pgHFIF-4 (10, 11)
(provided byW. Fiers) followed by electrophoretic fractionation
on agarose gel yielded the 1.8-kb hIFN-f31 segment. This was
inserted into the unique EcoRI restriction site of pSV2-neo*
(15) (Fig. 1) and the resulting recombinant plasmids were
screened by restriction enzyme analysis to recover those whose
interferon gene orientation was opposite to that of neo. This
particular plasmid, designated pSV2-neo-ghIFN-(31, contains
two tandem transcription units: one expresses neo by using sim-
ian virus 40 (SV40) transcription and processing signals, and the
other is the putative hIFN-j31 genomic transcription unit.
A second plasmid contained, in addition to the same neo tran-

scription unit, a hybrid transcription unit in which the 5' tran-
scription control sequence and coding sequence of hIFN DNA
were joined to a segment containing the SV40 small tumor an-
tigen intervening sequence and the SV40 early region poly-
adenylylation site (25) (pSV2-neo-hIFN-f31) (Fig. 1). This was
achieved by removing the sequences distal to the interferon
termination codon by digestion with Bgl II and insertion of the
0.9-kb 5' end fragment between the Pvus II and Bgl II restriction
sites of pSV2 (25). Then, a fragment containing the neo tran-
scription unit, with its ends appropriately modified, was in-
serted at the single BamHI restriction site of pSV2 to yield the
desired pSV2-neo-hIFN-P13 recombinant.

Synthesis of hIFN in Transformants. Two types of cells-L
(mouse) and RK13 (rabbit)-were transformed to G418 resis-
tance by each of the two plasmids. The frequency of transfor-
mation to G418 resistance ranged between 10- and 10-4, with
no consistent differences between the two types of recipient
cells or the transfecting DNA. Because human cells are not
protected against virus infection by rabbit interferon and only
poorly by mouse interferon (2), the detection and quantitation
of hIFN production by these transformants was simplified.

Several randomly selected G418-resistant rabbit and mouse
clones were assayed for hIFN production before and after in-
duction with poly(rI).poly(rC). Only moderate levels of hIFN
were detected in induced RK13 transformants (648 units/5 X
106 cells) and little or none in noninduced transformants or after
induction of nontransformed RK13 cells. Because higher levels
of hIFN were detected among the G418-resistant L cell clones,
these were chosen for more detailed analysis.

Of 18 G418-resistant L cell transformants, 15 produced hIFN
after exposure to poly(rI)-poly(rC). By contrast, the parental L
cells treated with poly(rI).poly(rC) did not produce detectable

I
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FIG. 1. Structure of hIFN DNA transducing vectors. The vectors
are derivatives of pSV2-neo (22): pBR322 DNA is represented by the
solid black segment and contains the pBR322 origin of DNA replica-
tion andthe 3-lactamase gene; the hatched segmentrepresentsthe 1.4-
kb neo gene; one stippled region specifies the SV40 origin of DNA rep-
lication and early promoter (ori) and the joined stippled and cross-
hatched segment contains the SV40 small tumor antigen intervening
sequence and site at which the SV40 early transcript is polyadenylyl-
ated; the open arc represents either the 1.8-kb EcoRI fragment that
contains the entire hIFN gene or the 0.9-kb EcoRI-Bgl II subfragment
that contains all but the 3' untranslated region of the hIFN gene.

amounts of hIFN as judged by the lack of protection ofhuman
fibroblast cells against the cytopathic effect of VSV.
Poly(rI)-poly(rC) also induced mouse interferon (17,500 units/
107 cells) but there was no difference in the amounts produced
by transformed and nontransformed L cells.
Two of the 18 G418-resistant L cell transformants examined

failed to produce hIFN before or after treatment with poly(rI)-
poly(rC) (clones A5 and A6, Table 1). Two of the transformants
(clones B4 and B5) produced substantially the same levels of
interferon before and after induction with poly(rI)-poly(rC);
thus, although producing different amounts of interferon con-
stitutively, both are noninducible. Four clones (A4, A7, A8, and
B6) produced no interferon constitutively but were inducible
to varying levels after exposure to poly(rI)poly(rC). The re-
mainder form a group that is partially constitutive for hIFN for-
mation-that is, each produced some hIFN in the absence of
poly(rI)-poly(rC) and increased levels of hIFN after treatment
with poly(rI)-poly(rC). Generally, those clones that produced
the most hIFN after induction also produced the highest levels
constitutively; and clones that failed to make hIFN without in-
duction produced relatively low amounts after induction. Thus,
the transformants are heterogeneous with respect to the way
they express the transduced hIFN gene, only a few showing the
fully inducible phenotype characteristic of human fibroblasts.

The level of hIFN produced by several clones was quite
high-1,944 units/107 cells in clones B3, B8, and B9 and 5,832
units/107 cells in clones Al and A3. By comparison, human fore-
skin fibroblast cultures treated with poly(rI)poly(rC) produce
about 1,000 units/107 cells. However, the conditions for in-
duction of the mouse transformants were optimal for induction
of mouse interferon (for example, in the presence of DEAE-
dextran) and these conditions may not be optimal for induction
of hIFN synthesis by the same cells.

Production of hIFN-f31 mRNA. L cell transformants that
produced hIFN after exposure to poly(rI)-poly(rC) also con-
tained the corresponding hIFN mRNA (Fig. 2). This was es-
tablished by using Weaver and Weissmann's modification (21)
of the S1 nuclease procedure of Berk and Sharp (22). Cyto-
plasmic poly(A)+RNA was hybridized to an excess of a 5'-end

* This particular plasmid has the EcoRI-Sal I fragment derived from
pML, a deletion mutant of pBR322 (provided by M. Botchan) (24).
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Table 1. hIFN synthesis in L cell transformants
hIFN produced,
units/107 cells

Clone Noninduced Induced
A. pSV2-neo-ghIFN-A1 transformed:

1 648 5,832
2 72 216
3 648 5,832
4 <8 216
5 <8
6 <8
7 <8
8 <8

B. pSV2-neo-hIFN-131 transformed:
1 72 '
2 216 4
3 216 1,'
4 648
5 216
6 <8
7 <8 N
8 216 1,1
9 216 19C
10 72

<8
<8
216
72
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L/pSV2-neo
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72
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32P-labeled DNA fragment that spans the hIFN coding and 5'
noncoding regions [the 918-nucleotide fragment bounded by
the EcoRI and Bgl II restriction sites (Fig. 1)], the hybrid was

digested with S1 nuclease, and the products were electropho-
resed in neutral agarose gel (Fig. 2). With RNA obtained from
human foreskin fibroblasts treated with poly(rI)poly(rC), two
32P-labeled fragments are detectable in the gel. One band (918
nucleotides), present in variable quantities, derives from reas-

sociated probe; the second band (640 nucleotides) corresponds
to 569 nucleotides encoding hIFN and 71 nucleotides 5'-prox-
imal to the coding sequence. However, no 640-nucleotide frag-
ment was detected with RNA from uninduced cells (Fig. 2). The
same analysis performed with RNA isolated from L-cell trans-
formant clones B8, B9, B10, and Al (Table 1) confirmed that,
with these cells as well, poly(rI)-poly(rC) induces the accumu-

lation ofmRNA that protects the same 640-nucleotide fragment
(Fig. 2). Such a RNA species was not present in normal L cells
treated with poly(rI)-poly(rC). A faint band (790 nucleotides)
corresponding to a RNA whose 5' end is 221 nucleotides up-
stream from the start of the hIFN coding sequence was detected
in L-cell transformant clone Al, but the level of this RNA did
not change upon addition of poly(rI)-poly(rC).

Because the transfecting DNA contained a SV-neo transcrip-
tion unit physically linked to the hIFN-,Bl gene and selection
of the transformants was for expression of neo, we tested
whether neo expression is also inducible by poly(rI)-poly(rC).
This was determined by the same S1 nuclease procedure but
with a 32P-end-labeled probe corresponding to the neo tran-
scription unit; this consisted of a 1.5-kb DNA fragment labeled
with 32P at the 5' end generated by Bgl II cleavage of the neo
sequence in the plasmid DNA (Fig. 3). Transcription of
pSV2-neo yields a neo mRNA that protects a 380-nucleotide
DNA fragment, indicating that the 5' end of the RNA occurs

at the SV40 early region transcription start, 70 nucleotides up-
stream from the start of the neo segment (15). RNA from each
of the hIFN-producing clones, protected the expected 380-nu-
cleotide fragment, but there was no discernible increase in the
amount of that fragment with RNA from cells previously treated
with poly(rI)-poly(rC). Indeed, there was a consistent decrease
in the amount ofneomRNA in the induced cells; the explanation

918

640

790

Ad -0.5
1.45

-- 0-25

eDrowne

observed protected fragments

FIG. 2. hIFNmRNA produced by transformed clones. Cytoplasmic
poly(A)+RNA was extracted from selected G418-resistant mouse L cell
clones 8 hr after poly(rI) poly(rC) or mock treatment and analyzed by
theWeaver-Weissmann modification (21) of the S1 nuclease procedure
of Berk and Sharp (22). The end-labeled DNA probe used to hybridize
with themRNA preparations was 918 nucleotides and it, as well as the
protected fragments, are indicated by solid lines. The distance (in nu-
cleotides) between the 32P-labeled 5' end, marked with an asterisk, to
either a restriction site or the terminus of the protected fragment is
indicated. The diagram of the hIFN gene structure depicts the regions
coding for the mature protein and signal peptide as hatched and open
boxes, respectively; the nontranslated 5' and 3' regions are repre-
sented by thickened solid lines. The polyadenylylation site is indicated
by pA. RNA was extracted from 1-2 x 107 pSV20ne-ghIFN-, or
pSV2-neo-hIFN-Pj-transformed L cells or from 4 x 106 human fibro-
blasts. Size markers areHindlll-cleaved PM2 phageDNA labeled with
32P at the ends. bp, Base pairs.

of this is not apparent. Nevertheless, it seems clear that, al-
though poly(rI)-poly(rC) induces the expression of the trans-
duced hIFN-P, gene, it does not increase the expression of the
physically linked neo transcription unit.

State of the Transduced DNA in Transformed Cells. Cells
that express neo and hIFN were examined for the content and
organization of the corresponding gene sequences in the cell
DNA. Electrophoresis of low molecular weight DNA present
in Hirt extracts (26) of transformed clones Al, A3, B8, and B9
failed to detect any (less than one copy per cell) of the trans-
fecting DNA (data not shown). Thus, as in previous experiments
with cells transformed with analogous plasmids (27, 15), the
transfecting DNA does not appear to be maintained in the stably
transformed cells as an autonomously replicating plasmid.

However, the high molecular weight, ostensibly chromo-
somal, DNA of each of the transformed clones contained trans-
fecting DNA sequences. Fig. 4 shows Southern blots (30) of Bgl
II-cleaved DNA from different transformed clones after hy-
bridization with 32P-labeled hIFN DNA (the fragment between
the EcoRI and Bgl II restriction sites shown in Fig. 1); this anal-
ysis detects only those segments containing the 5'-proximal and
coding sequences of hIFN.
DNA from the parental L cells did not hybridize with the

labeled probe, indicating that mouse and human IFN-/3 se-
quences are not homologous. However, cell DNA from three
clones transformed with pSV2-neo-hIFN-(31 (clones Al, A7,
and A3) contained the hIFN DNA sequence. With clones Al
and A3 the hIFN sequence occurs mostly as a 3.9-kb fragment
corresponding to the intact segment between the two Bgl II
restriction sites in the transfecting plasmid (the pBR322-con-
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clone no.
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FIG. 3. neo-specific RNA produced by transformed clones.
Poly(rI)*poly(rC) induction, extraction ofRNA (from 1 107 cells), and
S1 nuclease analysis were as in Fig. 2. The 1.5-kb end-labeled fragment
obtained by Bgl II cleavage of pSV2-neo-hIFN-/31 DNA was used as
the hybridization probe; this segment is shown in the diagram with
thick and thin lines representing the neo and SV40 DNA segments,
respectively. The distance, in nucleotides, between endonuclease re-
striction sites or from the labeled 5' end, marked with an asterisk, to
the terminus of an observed protected fragment is indicated. Size
markers are the same as in Fig. 2.

taining segment between the Bgl II sites shown in Fig. 1). Prob-
ing these same blots with a 32P-labeled 3.5-kb DNA segment
obtained from the remaining portion ofthe original transfecting
plasmid revealed the occurrence of equivalent amounts ofa 3.5-
kb DNA fragment (data not shown). Thus, it appears that clones

A B

CP'So 1 V° C es

1 7 3 1' 1 3 8 101
kb

6.4 _-

kb

so -59\535.3

-2.2

-1.0

FIG. 4. DNA sequences derived from the transducing plasmids in
the high molecular weight DNA extracted from G418-resistant mouse
L cells. DNA (20 /Lg) from selected clones of transformed cells was pre-
pared according to Wigler et al. (28), digested with excess Bgl a, elec-
trophoresed in 0.7% agarose, and, after mild depurination (29), trans-
ferred to nitrocellulose paper (30). The blots were hybridized with a
32P-labeled nick-translated (31) segment containing the hIFN DNA
segment between the EcoRI and Bgl IIrestriction sites (Fig. 1). The
size markers are labeled fragments producedby cleavage ofPM2 phage
DNA with HindIll.

Al and A3 contain mostly "head-to-tail" tandemly arranged
oligomers ofthe transfecting plasmid DNA. Clone Al and clone
A7 contain hIFN DNA segments >3.9 kb long (6.4 and 5.1 kb,
respectively) (Fig. 4A). The larger fragments are consistent with
integration of the plasmid DNA within the 3.9-kb segment,
yielding hIFN DNA fragments whose lengths reflect the spac-
ing between Bgl II restriction sites in the hIFN and flanking
cell DNA. This interpretation anticipates that, as with clones
Al and A3, the blot of clone A7 DNA should contain an intact
3.5-kb fragment corresponding to the other portion ofthe trans-
fecting plasmid, a prediction that was confirmed in the appro-
priate hybridization (data not shown).
The comparable analysis of three transformants produced

with pSV2-neo-hIFN-(31 (clones B3, B8, and B10) revealed a
pattern indicating multiple integrations (Fig. 4B). Fragments
smaller and larger than 5.9 kb, the size of the hIFN DNA seg-
ment between the two Bgl II restriction sites in the plasmid
(see Fig. 1), would arise if integration occurred within this seg-
ment and the Bgl II sites in the flanking cell DNA sequence
were spaced close to or far from the sites of integration, re-
spectively. Except for clone Bi, DNA from each of the trans-
formed cells of the B series yielded a fragment of about 5.9 kb.
Clone B8 is distinctive among this group in having a stretch of
intact head-to-tail tandemly repeated copies of the transfecting
plasmid DNA. It would be anticipated that each of the copies
of the tandemly repeated plasmid DNA sequences, as well as
those that appear to have integrated within the 5.9-kb segment,
should yield a 1.5-kb DNA band when the Southern blot is hy-
bridized with the 32P-labeled small fragment (1.5 kb) generated
by Bgl II cleavage of the original transfecting plasmid DNA.
This was found (data not shown).

In summary, each of the G418-resistant transformants that
produced hIFN and hIFN mRNA contained the sequence cor-
responding to the intact or reconstructed hIFN transcription
units. In some transformants these sequences were clustered
as tandem arrays; in others the hIFN DNA sequence occurred
as a single copy or in very short clusters. The data suggest that,
in stably transformed cells, the transfecting DNA is recombined
with host DNA sequences and probably does not occur as au-
tonomously replicating DNA; however, our experiments cannot
exclude the occurrence of very large episomal forms. Among
the limited number of transformants so far analyzed, it appears
that those with substantial quantities of integrated hIFN
DNA-e.g., clones Al, A3, and B8-produced the highest lev-
els of hIFN after induction with poly(rI)-poly(rC). However,
clone B3 produced the same quantity ofhIFN as clones B8 and
B9, yet it contained only half to a third the amount of hIFN
DNA. Further studies are needed to explore this stoichiomet-
ric relationship and to ascertain if flanking cell DNA sequences
or localized chromosomal conformations influence the expres-
sion of associated hIFN genes.

DISCUSSION
Transduction. ofmouse L cells with plasmids containing the se-
lectable marker G418 phosphotransferase (neo) (15) and the
hIFN-p, gene yielded G418-resistant clones that produce and
secrete hIFN-,Bl. Two -types of construction were used: one
contained the entire hIFN-(,3 transcription unit as well as 5' and
3' genomic. flanking sequences; in the other, immediately
downstream from the hIFN translation termination codon there
was a SV40 DNA segment containing the small tumor antigen
intervening sequence and early region polyadenylylation signal
(25). G418-resistant transformants that produce hIFN were ob-
tained at about equal frequency with both transducing DNAs.
However, because of the variability in the hIFN DNA copy
number among the transformants and the possible effect of ad-
jacent mouse DNA sequences on the expression of acquired
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hIFN genes, specific inferences about the effect of splicing on
hIFN expression cannot be made.

Transformation of L cells to G418 resistance and hIFN pro-
duction is accompanied by the incorporation of the transduced
genes into the cellular genomes. Our data indicate that the ex-
ogenous DNA is most probably integrated into the cellular DNA
and not maintained as an autonomously replicating plasmid.
Most of the transformants examined contain several copies of
the transfecting DNA per genome. Comparison of the intensity
of the bands produced by Al, A3, and B8 DNAs with known
quantities of plasmid DNA indicates that these transformants
contain about 5-10 copies per genome, many of which are ar-
ranged in one or more tandem head-to-tail arrays. Perhaps, it
is the multiplicity ofacquired DNA copies that accounts for the
high frequency of cotransformants. for neo and the hIFN gene.
One purpose of these experiments was to learn if the trans-

duced hIFN gene could be expressed in heterologous cells, if
the resulting hIFN would be secreted into the medium, and if
the production of hIFN and the corresponding- hIFN mRNA
were inducible by poly(rI)poly(rC). To this end, expression of
the transduced hIFN gene in the G418-resistant L cells was
measured in two ways: (i).appearance of material in the culture
medium that can protect cultured human cells against infection
with VSV, and (ii) accumulation ofcytoplasmic polyadenylylated
hIFN mRNA. Because the assay for hIFN activity distinguishes
mouse and human interferons, we infer that the transduced
hIFN gene can be expressed and that in some transformants its
expression is inducible by poly(rI)poly(rC). Independent assays
with mouse cells challenged with VSV infection indicate that,
after treatment with poly(rL)-poly(rC), the same transformants
produce 17,500 units of mouse interferon per 107 cells. Induc-
tion ofhuman foreskin fibroblasts with poly(rI)'poly(rC) results
in the appearance in the medium ofabout 1,000 units/107 cells
compared to about 2-5 times that amount made by the highest
producers among the transformants.
The second assay shows clearly that hIFN mRNA, which is

distinguishable from the mouse counterpart by hybridization
to a hIFN DNA probe, is detectable in the transformants only
after induction with poly(rI)!poly(rC). The apparent absence of
hIFN mRNA prior to induction, even in those cells that produce
hIFN constitutively, may be due to the greater sensitivity ofthe
assay for hIFN activity or to rapid turnover and a low steady-
state level of hIFN mRNA in uninduced cells. Our analysis of
the hIFN mRNA maps the 5' end to a location 71 nucleotides
upstream from the initiator codon; this compares to the pre-
viously estimated position of the 5' end of hIFN-/31 mRNA as
74 ± 2 nucleotides upstream from AUG (14). Another hIFN
mRNA present at very low levels in cells transduced with
pSV2-neo-ghIFN-/31 but not influenced by treatment of the
cells with poly(rI)poly(rC) was not further investigated. Con-
ceivably, it is transcribed from either further upstream in the
hIFN DNA segment, adjacent plasmid sequences, or the SV40
late region promoter. The regulated response ofpSV2-neo-hIFN-
P13 transformants to poly(rI)-poly(rC) addition identifies the
EcoRI-Bgl II DNA fragment, which contains the hIFN-P1 cod-
ing region and 357 base pairs upstream, as sufficient for induc-
tion of this gene.

Although the expression of the transduced hIFN gene is in-
creased by exposure of the cells to poly(rI)poly(rC), there is no
concomitant increase in the expression ofthe cotransduced neo.
This is especially significant in those transformants that contain
both genes arranged in tandem, as they exist in the original
transducing plasmid. Induction in this case, therefore, proba-
bly does not activate an extensive region of the genome but
rather acts on the hIFN gene itself or on some post-transcrip-
tional product or step in the pathway. This would imply that
genes that are induced concomitantly with interferon in human

fibroblasts (32, 33) may have their own recognition sequences
for the induction phenomenon.

The availability of a cloned DNA segment that can express
hIFN and is responsive to induction by poly(rI)-poly(rC) should
facilitate the identification of the DNA sequence needed for the
induction and an analysis of the mechanism of that response.
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