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We constructed rRSV/mIL-2, a recombinant respiratory syncytial virus (rRSV) containing the coding
sequence of murine interleukin-2 (mIL-2) in a transcription cassette inserted into the G-F intergenic region.
The recovered virus (rRSV/mIL-2) expressed high levels (up to 2.8 mg/ml) of mIL-2 in cell culture. Replication
of rRSV/mIL-2 in vitro was reduced up to 13.6-fold from that of wild-type (wt) rRSV, an effect that was due to
the presence of the foreign insert but was not specific to mIL-2. Replication of the rRSV/mIL-2 virus in the
upper and lower respiratory tracts of BALB/c mice was reduced up to 6.3-fold, an effect that was specific to
mIL-2. The antibody response, including the levels of RSV-specific serum immunoglobulin G1 (IgG1), IgG2a,
IgA, and total IgG, and the level of protective efficacy against wt RSV challenge were not significantly different
from those of wt rRSV. Analysis of total pulmonary cytokine mRNA isolated 1 and 4 days following infection
with rRSV/mIL-2 revealed elevated levels of mRNA for IL-2, gamma interferon (IFN-g), IL-4, IL-5, IL-6, IL-10,
IL-13, and IL-12 p40 compared to those for wt rRSV. Flow cytometry of total pulmonary mononuclear cells
isolated 10 days following infection with rRSV/mIL-2 revealed increased levels of CD41 T lymphocytes
expressing either IFN-g or IL-4 compared to those of wt rRSV. These elevations in cytokine mRNA or
cytokine-expressing CD41 cells relative to those of wt rRSV-primed animals were not observed following
challenge with wt RSV on day 28. Thus, the expression of mIL-2 by rRSV was associated with a modest
attenuation of virus growth in vivo, induction of serum antibodies at levels comparable to that of wt rRSV, and
transient increases in both the Th1 and Th2 CD41 lymphocytes and cytokine mRNAs compared to those of wt
rRSV.

Human respiratory syncytial virus (RSV) is an enveloped,
nonsegmented negative-strand RNA virus of the paramyxovi-
rus family. RSV is the most important viral agent of serious
respiratory tract disease in infants and young children world-
wide and is an important cause of disease in certain immuno-
compromised individuals and the elderly (4). A licensed vac-
cine against RSV is not yet available, although significant
progress has been made towards development of a live atten-
uated vaccine for intranasal administration (5, 26). The single-
stranded negative-sense RSV genome is 15.2 kb long and is
transcribed by a sequential stop-restart mechanism to yield 10
mRNAs encoding 11 proteins. These include the two major
protective and neutralization antigens, namely, the attachment
G glycoprotein and the fusion F glycoprotein (4).

Severe RSV disease peaks 2 months after birth, so a pedi-
atric RSV vaccine should be given prior to that time (4–6).
However, immune responses in young infants are reduced due
to (i) immunologic immaturity and (ii) the immunosuppressive
effects of maternally derived, RSV-specific serum immuno-
globulin G (IgG) present in infants in that age group. Further-
more, the immunity induced by natural infection with wild-type
(wt) RSV typically does not confer solid resistance to reinfec-
tion even in adults. For these reasons, it would be highly

desirable to develop methods to augment immune responses to
an RSV vaccine.

Studies with vaccinia virus recombinants pioneered the strat-
egy of enhancing and manipulating the immune response to
the virus by coexpression of one (or more) cytokines from
genes inserted into the viral genome (9, 23). This has been
explored with other viruses such as simian immunodeficiency
virus (13) as well as with plasmid-based vaccines, and coad-
ministration of cytokines with subunit vaccines is also an active
area of research (11, 20). We previously showed that the ex-
pression of murine interferon gamma (mIFN-g) by recombi-
nant RSV (rRSV) resulted in attenuation of virus replication
in vivo while simultaneously augmenting the immune response
(2). In this study, we explored the effects of coexpression of
murine interleukin-2 (mIL-2) by RSV. IL-2 is produced by
CD41 and CD81 T lymphocytes (for reviews, see references 10
and 25). Its pleotropic effects include stimulation of prolifera-
tion, cytolytic activity, and cytokine secretion of T lymphocytes
and natural killer (NK) cells; stimulation of IL-2-regulated
genes, including several chemokine receptors; stimulation of
proliferation and antibody secretion by activated B cells; and
stimulation of proliferation and activity of cells of the mono-
cyte-macrophage lineage (10, 25).

To insert the mIL-2 gene into rRSV, a transcription cassette
was made by PCR in which the mIL-2 open reading frame
(ORF) was flanked by the RSV gene-start and gene-end tran-
scription signals (Fig. 1). This cassette was inserted into the
G-F intergenic region of a complete RSV antigenomic cDNA,
increasing its length by 549 nucleotides (nt) from 15,223 to
15,772 nt and the number of encoded mRNAs from 10 to 11.
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The encoded virus, designated rRSV/mIL-2, was recovered as
described previously (3).

HEp-2 cells were infected with rRSV/mIL-2 or wt recombi-
nant RSV (wt rRSV), and total intracellular RNA was har-
vested and analyzed by Northern blot hybridization with indi-
vidual probes against the mIL-2, G, F, or L gene (results not
shown). This confirmed that the IL-2 gene was expressed as a
separate mRNA of the expected size. Also, the rRSV/mIL-2
virus expressed small amounts of G–mIL-2 and mIL-2–F
readthrough mRNAs and did not express a G-F readthrough
mRNA, changes that are consistent with the change in gene
order due to the inserted gene. The overall amounts of intra-
cellular viral mRNA that accumulated in cells infected with wt
rRSV or in cells infected rRSV/mIL-2 were similar, although
there appeared to be a small (two- to fourfold) decrease in the
accumulation of mRNAs representing genes downstream of
the IL-2 insert (data not shown). We are presently comparing
a number of rRSVs containing different-sized foreign genes to
determine the effect of gene insertion on transcription. How-
ever, it is evident that, with small inserts such as mIL-2, the
effect on RNA synthesis is not great.

The recovered chimeric rRSV/mIL-2 virus formed plaques
that were slightly smaller (10 to 15% reduction in size) than
those of wt rRSV (data not shown) and were similar in size to
plaques of rRSV bearing the chloramphenicol acetyltrans-
ferase (CAT) gene (rRSV/CAT virus) or the mIFN-g gene
(rRSV/mIFNg virus) (1, 2). The kinetics of growth of the wt
rRSV, rRSV/mIL-2, and rRSV/CAT viruses were compared in
HEp-2 cells that were infected at a multiplicity of infection
(MOI) of 2 PFU (not shown). The rRSV/mIL-2 virus, bearing
the 549-nt mIL-2 insert, was moderately restricted in growth
compared to wt rRSV, with a maximum difference of 18-fold at
40 h postinfection. The rRSV/CAT virus, bearing the 761-nt
CAT insert, was slightly more attenuated (maximum difference
of 52-fold at 40 h postinfection compared to wt rRSV). This is
consistent with the general observation that insertion of an
additional gene into rRSV attenuates its growth in vitro. The
basis for this effect is not yet known and might involve effects
on RNA synthesis, packaging, or both. Our experience from
the construction of numerous recombinants bearing various
foreign genes is that longer inserts are associated with greater
attenuation, suggesting that the increase in genome length is a
factor. In any case, the observation that the attenuation of
rRSV/mIL-2 in vitro was comparable to that of rRSV/CAT
indicates that the effect was not specific to the encoded mIL-2
protein.

When the rRSV/mIL-2 virus was subjected to eight serial

passages in vitro and intracellular RNA was isolated and ana-
lyzed by reverse transcription-PCR with primers that flank the
mIL-2 gene, a single PCR product was observed by gel elec-
trophoresis (results not shown). There was no evidence of
shorter products that might correspond to partial or complete
deletion of the insert. Inserts of foreign sequences in recom-
binant nonsegmented negative-strand RNA viruses have been
found to be surprisingly stable in general (1, 2, 24; A. Bukreyev
and P. L. Collins, unpublished data). For example, when 25
viral clones were isolated biologically from a pool of rRSV/
CAT that had been passaged eight times in vitro, each one
efficiently expressed enzymatically active CAT (1).

To quantitate the expression of mIL-2, HEp-2 cells were
infected with rRSV/mIL-2 (passage 8) at an MOI of 2 PFU per
cell and aliquots of harvested medium were assayed by en-
zyme-linked immunosorbent assay (ELISA) using the Quan-
tikine M Mouse IL-2 Immunoassay (R&D systems). The con-
centration of secreted mIL-2 was 1.7 ng/ml at 8 h postinfection
and increased more than 1,000-fold to a maximum of 2.8 mg/ml
at 120 h postinfection (data not shown).

To evaluate the replication of rRSV/mIL-2 in vivo, BALB/c
mice were infected intranasally with 106 PFU of rRSV/mIL-2,
rRSV/CAT, or wt rRSV per animal. Animals from each group
were sacrificed on days 3, 4, and 5 postinfection, and the
concentration of virus in the upper (nasal turbinates) and the
lower (lungs) respiratory tract was determined by plaque assay.
The replication of rRSV/mIL-2 was moderately attenuated at
both locations (Fig. 2). The maximum levels of attenuation
compared to that of wt rRSV were 5.0-fold in the upper re-
spiratory tract on day 3 and 6.3-fold in the lower respiratory
tract on day 5. The observed attenuation of rRSV/mIL-2 was
statistically significant for all of the time points at each location
with one exception, which was the nasal turbinates on day 5. In
contrast, the replication of rRSV/CAT was not significantly
different from that of wt rRSV at either location for all of the
time points with one exception. The one exception was that, in
the lungs on day 3, the titer of rRSV/CAT was lower than that
of wt rRSV and was similar to that of rRSV/mIL-2. Thus, as we
have described before (2), the presence of the 761-nt CAT
insert did not significantly attenuate RSV in vivo. Hence, the
attenuation of rRSV/IL-2, bearing the 549-nt mIL-2 gene at
the same genome location, appeared to be specific to mIL-2.

To evaluate the immunogenicity of rRSV/mIL-2, mice were
infected with rRSV/mIL-2, rRSV/CAT, or wt rRSV as de-
scribed above, and serum samples were taken on days 0 (im-
mediately before infection), 28, and 56 (Table 1). Each of the
viruses induced a high titer of RSV-neutralizing serum anti-

FIG. 1. Map of the genome of rRSV/mIL-2. A cDNA of the mIL-2 ORF, whose translational stop and start codons are in bold type, was modified by PCR to be
flanked by RSV-specific gene-start and gene-end transcription signals (boxed) and XmaI sites (underlined). The resulting mIL-2 transcription cassette was inserted into
the intergenic region between the G and F genes using an XmaI site which had been placed there previously (1). le, leader region; tr, trailer region.
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bodies, and the three viruses were indistinguishable on this
basis. In addition, there were no significant differences be-
tween the three viruses with regard to the induction of RSV-
specific serum IgA, IgG1, IgG2a, and total IgG, as determined
by ELISA with purified RSV F protein as antigen (Table 1).
The mice in each group were then challenged on day 56 by the
intranasal inoculation of 106 PFU of wt RSV per animal. Four
days later, on day 60, the mice were sacrificed and virus titers
in the upper and lower respiratory tracts were determined
(data not shown). All of the previously infected animals exhib-
ited a high level of resistance to challenge virus replication
(data not shown). Replication of the challenge virus was un-
detectable in animals which had been previously infected with
rRSV/CAT or rRSV/mIL-2 (mean titers of ,2.0 log10 PFU/g
in the nasal turbinates and ,1.7 log10 PFU/g in the lungs),
whereas a low level of RSV was detected in animals which had
been immunized with wt rRSV (mean titers of 2.3 log10 PFU/g
in the nasal turbinates and ,1.7 log10 PFU/g in the lungs). In
contrast, animals which had not been previously infected had
mean titers of 4.7 log10 PFU/g in the nasal turbinates and
lungs. Thus, the three viruses were indistinguishable with re-
gard to the ability to induce a high level of resistance to rein-
fection.

The levels of pulmonary mRNAs for selected cytokines were
measured in mice following infection with 106 PFU of rRSV/
mIL-2 or wt rRSV or in mock-infected mice. This assay has the
advantage that it does not require in vitro stimulation or ma-
nipulation of cells and measures the aggregate response of all
pulmonary cells. Four or five mice from each group were

FIG. 2. Replication of rRSV/mIL-2, rRSV/CAT, and wt rRSV in the upper
(nasal turbinates) and lower (lungs) respiratory tracts of BALB/c mice. Each
animal was infected intranasally with 106 PFU of the indicated virus. Five ani-
mals per group were sacrificed on the indicated days, the nasal turbinates and
lungs were harvested, and viral titers were determined by plaque assay. The data
are given as average concentrations of the virus (log10 PFU/gram of tissue) and
standard deviations. Statistical significance of the reduced titer of rRSV/mIL-2
compared to wt rRSV by Student’s t test: for nasal turbinates, day 3, P , 0.01;
day 4, P , 0.02; and day 5, P , 0.1; for lungs, day 3, P , 0.05; day 4, P , 0.05;
and day 5, P , 0.001.
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sacrificed, and lungs were harvested on days 1 and 4 postin-
fection. These days were chosen because they coincide with the
period of active RSV replication, and abundant expression of
cytokine mRNA had been demonstrated in this time period

(12). Total lung RNA was isolated and analyzed by an RNase
protection assay, using previously described methods (2). RNA
from each individual animal was assayed separately. The cyto-
kine-specific gel bands displayed on sequencing gels were

FIG. 3. Accumulation of pulmonary mRNA for IL-2, IFN-g, IL-4, IL-5, IL-6, IL-10, IL-13, and IL-12 p40 in mice which were infected with 106 PFU of rRSV/mIL-2
or wt rRSV per animal or which received medium alone (mock). Four or five mice per group were sacrificed on days 1 and 4, and total pulmonary RNA was isolated
and analyzed by an RNase protection assay as described previously (2) using the RiboQuant Multi-Probe RNAse Protection Assay System (PharMingen) and two
different probe template sets, namely, mCK-1 and mCK-2B. Each mouse was analyzed separately, and each protected species detected by polyacrylamide gel
electrophoresis was quantitated by phosphorimagery and calculated as a percentage of the amount of L-32 housekeeping gene mRNA in the same sample. Mean values
of each group per day and standard deviations are shown. Note that each y axis has a different scale.
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quantitated by phosphorimagery, and the amount of each band
for each mouse was expressed as a percentage of the L-32
housekeeping gene mRNA from the same gel lane for the
same mouse. Then, the mean value and standard deviation for
each group of mice were determined (Fig. 3).

This analysis showed that infection with wt rRSV stimulated
the abundant accumulation of mRNA for the Th1 cytokine
IFN-g and the Th2 cytokine IL-6 and also stimulated the
accumulation mRNA for IL-12 p40, which is the inducible
subunit of the IL-12 heterodimer. IL-12 is produced by mono-
cytes and macrophages, among other cells, but not by T lym-
phocytes, and its production is enhanced by IFN-g. These
three abundant mRNAs were also observed in rRSV/IL-2-
infected mice and accumulated to somewhat higher levels than
with wt rRSV. Infection with rRSV/mIL-2 also resulted in the
accumulation of IL-2 mRNA, which was not observed in wt
rRSV-infected animals and likely was encoded directly by the
virus. Infection with rRSV/mIL-2, but not wt rRSV, also stim-
ulated the accumulation of several less abundant Th2 cytokine
mRNAs, namely, IL-4, IL-5, IL-10, and IL-13. Thus, coexpres-
sion of IL-2 from rRSV was associated with an increase in the
accumulation of mRNAs for both Th1 and Th2 marker cyto-
kines.

Mice from each of the same groups were challenged with wt
RSV on day 28, and lungs were harvested for analysis on days
29 and 32 (1 or 4 days postchallenge). As described previously
(2), mice that had been infected with wt rRSV and challenged
28 days later with wt RSV exhibited elevated levels of mRNAs
for IL-6, IFN-g, and IL-12 p40, and to a lesser extent, elevated
amounts of mRNAs for IL-2 and IL-10, whereas mRNAs for
IL-4, IL-5, and IL-13 were not detected (data not shown). Mice
that had been infected with rRSV/mIL-2 and challenged with
wt RSV exhibited the same pattern with one exception: with
regard to IL-12 p40 mRNA, there was no significant difference
on day 29, but on day 32 the rRSV/mIL-2-primed group had a
small decrease (32%, P , 0.01) from that of the wt rRSV-
primed group (not shown).

We also examined the total pulmonary CD41 T lymphocyte
response to rRSV/mIL-2 versus wt rRSV. Specifically, intra-
cellular cytokine immunostaining and flow cytometry were
used to quantitate pulmonary CD41 lymphocytes expressing
the Th1 marker IFN-g or the Th2 marker IL-4 (16, 21, 22).
Mice were infected with 106 PFU of rRSV/mIL-2 or wt rRSV
or were mock infected. Four animals from each group were
sacrificed each on days 4 and 10, and lungs were harvested and
processed as described below. The remaining mice in each
group were challenged intranasally on day 28 with 106 PFU of
wt RSV, four mice from each group were sacrificed 4 and 10
days later (days 32 and 38), and their lungs were harvested and
processed. The lungs were minced and digested with DNase I

and collagenase, and total pulmonary mononuclear cells were
isolated by centrifugation and banding in Ficoll-Paque Plus
medium (Amersham Pharmacia Biotech), with material from
each animal processed separately. The cells were stimulated in
vitro by incubation at 37°C for 4 h with nonspecific mitogen
(2.5 ng of phorbol 12-myristate 13-acetate per ml and 250 ng of
ionomycin per ml) in the presence of monensin, which blocks
exocytosis and causes cytokines to accumulate intracellularly.
Fc receptors were blocked by preincubating cells with purified
rat anti-mouse CD16/CD32 (FcgIII/II receptor) for 15 min at
4°C. The cells were fixed with paraformaldehyde solution
(Cytofix Buffer [PharMingen]; 20 min at 4°C), permeabilized
(PermWash [PharMingen]; 20 min at 4°C), and stained for
CD41 (Tri-Color conjugated rat IgG2a clone CT-CD4 [Caltag
Laboratories]), IFN-g (fluorescein isothiocyanate [FITC]-con-
jugated rat IgG1 clone XMG1.2 [PharMingen]), and IL-4 (R-
phycoerythrin [R-PE]-conjugated rat IgG2b clone BVD4-1D11
[PharMingen]) molecules. The immunostaining was for 30 min
at 4°C in the dark using a preoptimized amount of each labeled
antibody. The specificity of staining was confirmed with con-
trols in which (i) reactivity was blocked by preincubation for 30
min at 4°C with an unconjugated preparation of the same
antibody, and (ii) reactivity was lost when the primary antibody
was replaced with one of the same isotype but having a heter-
ologous specificity. Published work indicated that the in vitro
stimulation step does not alter the pattern of cytokine expres-
sion (16). The lymphocyte fraction was gated as previously
described (16) and analyzed by three-color flow cytometry us-
ing a FACSCalibur flow cytometer (Becton Dickinson). Ap-
proximately 60,000 gated lymphocytes were analyzed per sam-
ple. It is noteworthy that total pulmonary lymphocytes were
examined, rather than a subpopulation such as isolated by
lavage.

Approximately half of the total pulmonary mononuclear
cells were gated as lymphocytes, and this percentage was not
significantly altered in response to a primary infection or chal-
lenge with either rRSV/mIL-2 or wt rRSV compared to that in
uninfected controls (not shown). The percentage of the mono-
nuclear cells identified as CD41 lymphocytes was essentially
unchanged following initial infection with either virus (mean
percentages shown in parentheses) (7.6 and 7.9 on days 4 and
10, respectively, for wt rRSV; 7.5 and 10.7 on days 4 and 10,
respectively, for rRSV/mIL-2) compared to the uninfected
controls (9.0 and 7.2 on days 4 and 10, respectively). However,
that percentage was nearly doubled on days 32 and 38 follow-
ing the challenge (mean percentages shown in parentheses)
(18.2 and 15.4 on days 32 and 38, respectively, for wt rRSV;
15.7 and 14 on days 32 and 38, respectively, for rRSV/mIL-2)
compared to the uninfected control (as described above). This
is indicative of a strong secondary immune response despite

FIG. 4. Dot plots showing flow cytometric analysis of the CD41 lymphocytes expressing IL-4 (IL4 PE) or IFN-g (IFN gamma FITC). Mice were infected with 106

PFU of wt rRSV or rRSV/mIL-2 or were mock infected. The animals were sacrificed 10 days later, and pulmonary CD41 cells were harvested and analyzed by flow
cytometry. The percentage of CD41 cells in three quadrants is shown for each plot. Each plot represents cells from an individual mouse.
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the very restricted replication of the challenge virus. The
CD41 population was then examined for expression of IFN-g
versus IL-4. Figure 4 shows examples of data for three indi-
vidual animals that were infected with rRSV/mIL-2 or with wt
rRSV or mock infected and were analyzed on day 10. The
complete experiment is summarized in Table 2.

On day 4 following the initial infection, animals which re-
ceived rRSV/mIL-2 or wt rRSV exhibited increased levels of
CD41 lymphocytes which were IFN-g positive, IL-4 positive,
or doubly positive, but the magnitude of the response was very
similar for the two viruses (Table 2). On day 10, the average
number of the cells which were IFN-g positive, IL-4 positive,
or doubly positive was statistically significantly increased in
rRSV/mIL-2-infected mice than in wt rRSV-infected mice:
2.1-fold (P , 0.05), 3.6-fold (P , 0.001), and 4.1-fold (P ,
0.001), respectively. Thus, the increase in Th1 and Th2 cyto-
kine mRNAs noted above on day 4 (Fig. 3) was reflected by
cytokine synthesis by CD41 lymphocytes on day 10 but not day
4. This delay might reflect lower sensitivity for the latter assay,
or a lag in expression, or, in the case of IFNg, synthesis by a
source other than CD41 lymphocytes such as NK cells (15).

When animals were challenged on day 28 and pulmonary
CD41 cells were examined on day 32, the number of IFN-g-
positive cells in animals which had been primed with rRSV/
mIL-2 was threefold lower than in wt rRSV-immunized mice
(P , 0.001). The percentages of IL-4-positive and doubly pos-
itive cells were similar in both groups of mice. The observed
reduction in IFN-g-expressing CD41 cells was not reflected in
the amount of total pulmonary IFN-g mRNA, indicating that
cells other than CD41 lymphocytes contribute to the overall
level of this mRNA, such as NK cells. The reduction in IFN-
g-positive cells was transient, and on day 38, there were no
significant differences in the number of IFN-g or IL-4-express-
ing cells between mice which had originally been primed with
rRSV/mIL-2 or wt rRSV. At this time point, the percentages of
total pulmonary CD41 cells expressing IFN-g or IL-4 were
;19 and ;0.5, respectively.

In summary, coexpression of mIL-2 by recombinant RSV in
the BALB/c mouse model (i) resulted in a modest attenuation
of virus growth, (ii) increased the expression of Th1 and Th2
cytokines as detected by analysis of total pulmonary mRNA,
and (iii) increased the response of total pulmonary CD41 T
lymphocytes expressing IFN-g or IL-4. The elevated immune
response to rRSV/mIL-2 likely accounts for the modest atten-
uation compared to that of wt rRSV. Attenuation of virus
growth might be a consequence of the observed increase in the
CD41 T lymphocyte response or the observed increase in
IFN-g production or might involve other factors that were not
monitored here such as activation and proliferation of CD81

or NK cells, or stimulation of the secretion of other antiviral
cytokines such as type I IFNs or tumor necrosis factor alpha
(17–19). The augmentation in the accumulation of Th1 and
Th2 cytokine mRNAs and CD41 T lymphocytes was observed
only during the initial infection by rRSV/mIL-2 and was not
observed during subsequent challenge with wt RSV. Indeed,
there was a modest reduction in IFN-g-positive CD41 T lym-
phocytes and IL-12 p40 mRNA 4 days after challenge, effects
that likely are related. However, the diminution in IFN-g-
positive CD41 T lymphocytes was transient and was not ob-
served on day 10 following challenge. The elevated immune
response during the initial infection by rRSV/mIL-2, evidenced
by increased cytokine mRNAs and CD41 T lymphocytes, was
not reflected in increased RSV-specific serum antibodies or
increased protective efficacy. However, the titer of RSV-spe-
cific antibodies and level of protective immunity induced by
RSV infection in mice are so high that it is unclear whether
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they would be sensitive to further stimulation. For example,
when mice that were previously infected with RSV are chal-
lenged, little or no challenge virus replication is observed, and
hence a further increase in protective immunity would likely be
missed. It will be important to evaluate the replication and
immunogenicity of rRSV/mIL-2 in nonhuman primates, where
the immune response to RSV is less robust. The available
rRSV/mIL-2 virus might be used in such a study, since there
appears to be considerable cross-species IL-2 activity between
humans and mice (8, 14), or a recombinant RSV expressing
human IL-2 could be constructed.
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