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SUMMARY

O’MALLEY, JUDITH A., LEONG, SUSAN S., HoRoSzEWIcz, JULIUS S., CARTER, WIL-

LIAM A., ALDERFER, JAMES L., & Ts’o, PAUL O.P. (1979) Polyinosinic acid-polycy-

tidylic acid and its mismatched analogues: differential effects on human cell function.
Mol. Pharmacol. 15, 165-173.

This study extends, into human systems, earlier work with mismatched analogues of
polyinosinic acid-polycytidylic acid, rI� . rCn, which were consistently shown to be less

toxic than r10 . � in various lower animal systems. We studied the mismatched analogues
in a variety of human cells, hoping thereby to obtain an index of possible therapeutic
efficacy and toxicity which might be observed in intact man. At doses which induce

antiviral activity, the mismatched analogues of rI� . rC�, do not detrimentally affect various
cell systems such as the cloning of human myeloid colony forming cells. With suspensions
of human splenocytes, mismatched inducers are much less mitogenic than rln � lCn, and
the mismatched inducers show less effect on retarding the growth of human fibroblastic
cells.

INTRODUCTION

The induction of interferon biosynthesis

by synthetic and naturally-occurring dou-
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ble-stranded (ds)2 polyribonucleotides has
been well documented (1-3). Polyino-
sinic . polycytidylic acid, rln . rCn, being
readily available and one of the most active,
thus has been studied extensively. In addi-

2 The abbreviations used are: dSRNA, double-

stranded RNA; rI� . rCa, polyinosinic acid . polycyti-

dylic acid duplex; rI�.r(C12,U)�, mismatched polynu-

cleotide duplex containing unpaired uracil bases lo-

cated in the polycytidylic acid strand; rI� .

mismatched polynucleotide duplex containing Un-

paired guanine bases located in the polycytidylic acid

strand; VSV, Vesicular stomatitis virus; NDV, New-

castle disease virus; PHA, phytohemagglutinin; CFC,

human myeloid colony-forming cells; moi, multiplicity

of infection.
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tion to its strong antiviral activities, rL,.
rC� also displayed a wide range of toxicities;
the toxicities vary significantly across dif-
ferent animal species (3). The first detailed

pharmacologic effects of rI� . rC0 in man
have only recently been reported (4, 5), and
the results emphasize the need for inter-

feron inducers with greater medical effi-
ciency. They suggest the possible value of
increased inducer dosage in man, which is

at present limited at 6-9 mg/kilo (body
weight) for rI�.rC�, due to its toxicity (4).

Carter et al. have previously studied the
sensitivity of the induction mechanism to
subtle alterations in the rI0 . rC� molecule

(6). When bases which do not form a Wat-
son-Crick base pair with hypoxanthine,

such as uracil (U) or guanine (G), were
inserted into the r(C)� strand, the resultant
rI� . r(C, plus G or U)� duplex contained
mismatched regions which probably have
an irregular (perhaps “loopout”) structure
(Fig. 1). A detailed structure . function
study indicated that the antiviral activity
of these mismatched inducers in human
neonatal fibroblasts was retained, provided
that the frequency of U and G substitution
did not exceed one residue in 12 or 20,
respectively. Since rI� . r(Ci3,U)� and rI�.
r(C�o,G)� were hydrolyzed enzymatically 5-

8 times faster than rln � rC� (6), prolonged
maintenance of the intact double helical
structure was definitely shown not to be a

prerequisite for “triggering” interferon pro-
duction. Indeed, it was proposed that pro-
longed maintenance of an intact double hel-
ical structure actually might lead to the
other various responses, commonly scored
as drug toxicities (2, 6). Subsequent studies

with thiolated polyribonucleotides have
also supported the notion that inducer re-
sistance to nucleases is certainly not crucial
to induction (7).

Recent work in various animal systems
has consistently shown the mismatched an-

alogues to be less toxic than rI� . rCa: partic-
ularly prominent have been greatly reduced
pyrogenicity in rabbits (�100-fold), as well

as lethality and mitogenicity in the mouse,
while antiviral activity remained constant
(8). In a parallel study, which also included
a naturally-occurring dsRNA, designated
BRL 5907, the polynucleotide duplexes

were further tested in mice in a repetitive

dose study (9). Effects on body weight, cel-
lular components of blood, spleen and thy-
mus, as well as antigenic properties of the
inducers were evaluated, all using coded
samples to eliminate possible investigator
bias. The order of capacity of these dsRNAs
to trigger specific secondary or toxic re-
sponses was established as: BRL 5907 � r10.
rC� > rI�.r(C29,G)� >> rI�.r(C,2,U)�.

The above findings clearly suggested that
therapeutic gains in man might be achieved
with mismatched inducers, particularly rI�.

r(C12,U)�. Therefore we embarked on a two
pronged course: first, to investigate in a

variety of human cell systems the activity

of mismatched inducer vis-#{224}-vis rI� . rCa,

hoping thereby to obtain some index of
drug efficacy as well as possible clues to the
pathogenesis of certain drug-induced le-

sions already seen in man (4); second, to
prepare a quantity of rI� . r(C,2,U)� suffi-
ciently large for its clinical evaluation.

We report herein studies with various

human cells, including some of highly spe-
cialized function, which are apparent tar-
gets in man when rI� . rC� or human inter-
feron preparations are administered. Our
studies suggest that certain lesions reported
in man with both inducers and relatively
impure interferon preparations may not be
due to the interferon molecule.

MATERIALS AND METHODS

1. Polynucleotides

rI� and rC� were obtained from Miles
Laboratories. Preparation and characterti-
zation of the mismatched polymers and rI�.
rC� have been described in detail previously

(6).

2. Cells

A. Human peripheral blood leukocytes.
Buffy coats from plasmapheresis donors
were mixed with 10 units/mi of preserva-
tive-free heparin and 10% v/v plasma gel
(R. Bellon Laboratories, Neuiliy, France).
Leukocyte-rich plasma was obtained after
the erythrocytes were allowed to settle for
45 mm at room temperature. The cells were
washed once by centrifugation (200 x g for
10 mm) and resuspended at a concentration
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FIG. 1. Space filling models of typical regions of completely base-paired dsRNA [panel A, rI,, . rCa] and a

mismatched dsRNA [panel B, rI�.r(CinU)�]

In the mismatched polymer pair, the unpaired base is seen protruding into the solvent, thereby facilitating

nucleolytic attack. The exact point of nucleolytic attack has not been identified.

of8 x 106 cells/mI in medium 1641 enriched
with 8% fetal calf serum, 8% human serum,
7% trypticase soy broth and also containing
12 units heparin/ml (12). Aliquots of this
suspension (10) were mixed with the var-

ious duplex polymers and incubated for 1

hr at 37#{176}in a 5% CO2 atmosphere (8). The
cells were then examined for:

1. Interferon production: Following in-
cubation with the polymers, the cells were
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washed, re-suspended in medium 1641 con-
taming 5% fetal calf serum, and incubated

for 18 hr at 37#{176}in a 59� CO2 atmosphere.

The cells were centrifuged and the super-
natant was then harvested for interferon
assay, the procedure for which has been
described previously (6, 11). For viral-in-
duced leukocyte interferon, cells were
mixed with NDV (moi = 10) for 1 hr at 37#{176}
in a 5% CO2 atmosphere. Cells were then
washed, resuspended in 2.5-fold their orig-
inal volume, and incubated a further 18 hr.
Leukocytes were then sedimented and the

supernatant harvested; the supernatant
was acidified to pH 2 for 72 hr by perchlo-
rate treatment to inactivate residual virus.
All interferon levels are expressed as the
geometric mean of two or more assays and
are stated in Reference Units (Reference
Standard 69/19 was used).

2. Myeloid colony formation: These pro-
cedures are described in detail elsewhere

(12, 13). Briefly, following incubation with
polymers, 0.8 ml aliquots of the reaction-
mixture were diluted 10-fold with complete
growth medium, and plated over “feeder
layers.” The colonies were counted after 14
days of incubation at 37#{176}.The results are

presented as the absolute number of cob-
nies obtained from 4 x 10� leukocytes
plated in sextuplicate as well as the per-
centages of growth in comparison to the
controls. Statistical treatment is also de-
scribed (12).

3. Human mitogen response: Leukocyte

suspensions were treated with phytohe-
magglutinin (PHA, 1 .tg/ml, Burroughs-
Wellcome Labs) and incubated at 37#{176}for
72 hr. rI� . rC� or its mismatched analogues,
at various concentrations, were added to
the cells and incubated 3 hr. [3H]thymi-
dine (specific activity, 67 C/mmobe,
Schwarz/Mann), was added and the cul-
tures incubated for 16 additional hr, and
processed. Data are presented as described
elsewhere (8).

B. Human spleen cells. Spleen speci-
mens obtained at surgery were minced, sus-
pended in McCoy’s medium at 2 x 10� cells/

ml, and incubated with rI� . rC� or its mis-
matched analogues at 37#{176}for 30 mm, with
and without 16% human serum (8).

Mitogen response: The cultures were

then diluted with growth medium and ad-

justed such that the serum concentration
in all suspensions was 10%. The cultures
were incubated for 40 hr, pulsed with 1 �tC
of [3H]thymidine per culture for 6 hr, and
processed for scintillation counting as pre-
viously described (8).

C. Human foreskin fibroblasts. Prepa-
ration of human foreskin fibroblast cultures
was carried out as described previously

( 14). After monolayers of the cells were
established (2 x i04 cells/well), the cells
were treated for 1 hr with n,1 . rC� or its

mismatched analogue (at concentrations of
10 �LM and 100 �LM) every 48 hr through day

8. Following each treatment, fresh growth
medium was added. In all instances. for
growth of these cells, human serum (10%)
was substituted for the calf serum routinely
used (14); we reasoned that the human
serum-being a source of nuclease activ-
ity-would mimic some of the dsRNA deg-
radative mechanisms at play, as when rI�-

rC� is used in vivo (4).

RESULTS

Previously, we have shown that rI� . rC�
and its mismatched analogues induce simi-

lar antiviral activity in human fibroblasts
(6). We now extend these observations to
human leukocytes which are believed to be
a major source of interferon in vivo (15). As
shown in Table 1, a wide range of interferon
induction activity (0-190 ref. U/mi) was
found when beukocytes derived from sev-
eral donors were treated. All of the poly-
mers displayed some activity (except in do-

nor 3), although there is a suggestion that
rln � r(C�,G)n was less active than the oth-
ers. Apparently the percent lymphocytes in

each set of leukocytes does not seem to be
a major factor in the amount of interferon
produced (10). A more uniform level of

response was seen with the viral inducer,
NDV. The higher interferon level observed
with NDV, rather than synthetic inducers,
has been previously observed with human
leukocytes in vitro. The titers of interferon
induced here are several fold lower than
those previously with NDV (16) and may
reflect the shorter time (1 hr vs. 24 hr) of
cell exposure to virus before washing.

We then evaluated certain aspects of eel-
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TABLE 1

Interferon induction by rI� . rC� and its mismatched analogues in human leukocytes

Details are presented in MATERIALS AND METHODS. Incubation with

interferon in any of the six leukocyte donors.

the buffer alon e gave no measurable

Leukocyte do- Interferon inducer
nor

rI�.rC� rI�.r(C12,U)� rI,1.r(C�,G)�
5 x iO� M 5 X iO� M 5 X iO� M

% Lymphocytes

ND�’
moi = 10

1 18 <5 <5 120 N.D.�

2 180 70 190 240 N.D.�’

3 <5 <5 <5 160 34ci

4 44 40 <5 190 44%

5 19 12 <5 105 49%

6 18 30 11 260 50%

7 20 <5 <5 250 61%

8 22 18 8 460 30%

�ND not done

lular toxicity which, based on earlier clinical
studies, might become the limiting factor in
the eventual application of mismatched in-
ducers.

Particularly prominent in administration
ofhuman leukocyte interferon preparations
in man has been a uniform depression in
white blood cell count (17), which usually

reflects a decrease in precursor cells in the
myeloid series. Indeed, direct addition of
these interferon preparations to the agar

cultures of myeloid precursors results in a
very toxic response (18). The problem in
man is less when inducers, rather than in-
terferon preparations, are administered (4,
5). We studied the effects of mismatched
inducers on human myeloid colony-forming
cells (CFC) at concentrations (500 �tM and
20 j.tM) which are effective for induction of
antiviral activity, and probably higher than
those which can be reached in vivo. Human
peripheral leukocytes, which normally con-
tam CFC, were first treated with rI� . rC�
and its mismatched analogues for 1 hr at
37#{176};the reaction mixtures were then diluted
with growth medium and plated over
“feeder layers.” After 14 days, colony for-
mation was evaluated. The results (Table
2) show that the ability of myeloid precur-
sors to form colonies is not impaired by
either rln ‘ lCn or mismatched polymers. De-

tailed control experiments (data not shown)
were also done which indicated that there
was no ‘entrapment’ of the inducer within
soft agar. We conclude that, at least in

vitro, CFC suppression is not seen with

TABLE 2

Effect of rI, . rC, and the mismatched analogues on

human myeloid colony-forming cells

Details are p resented in MATERIALS AND METHODS.

Polynucleo-
tide duplex

Number of
colonies

% of growth
in controLs

Mean ±SD Mean ±SD

rI�.rC, 500MM

20 �tM

44.2 6.0

40.7 3.6

114 13.6

105 8.8

rI, - r(Ci:,,U), 500 jzM

20 /.LM

40.8 6.4

37.7 5.5

106 15.7

97 14.6

rI, . r(C�,G)� 500 �LM

20j.tM

40.0 7.8

42.7 5.9

103 19.5

110 13.8

Controls 38.7 7.3 100 18.8

interferon inducers; this observation is con-
sistent with the suggestion (19) that other
mediators, present in crude leukocyte inter-
feron preparations, can also give in vivo
effects (see DISCUSSION).

We also examined two aspects of an im-
munologic response which might be modu-
lated by dsRNAs: first, their intrinsic mi-

togenie potential (Table 3) as measured
directly on fresh human splenocytes; and

second, their ability to modulate a blasto-
genie response which has already been mi-

tiated by another mitogen (Table 4). The
dsRNA effects on various limbs of the im-
mune response are well documented in an-
imal systems (20, 21), in particular, the
ability of dsRNA to either enhance or abort
a blastogenic response.

Table 3 shows the influence of mis-
matched base pairs on the mitogenic prop-
erties of dsRNA on human splenocytes.



Experimental details are presented in MATERIALS AND METHODS.

Polynucleotide duplex Concentration With serum No serum

Average CPM Stimulation
index

Average CPM Stimulation
index

rI�.rC�

rI�.r(C12,U)�

rI, . r(C�g,G)�

Buffer A

PHA

330 /.LM

33 �LM

330�zM

33MM

330 �LM

33 /.LM

5,010 1.6

3,340 1.0

4,100 1.3

3,150 1.0

3,970 1.2

2,840 0.9

3,220 1.0

18,600 5.8

7,461

3,267

3,436

3,395

3,336

2,779

2,806

16,259

2.7

1.2

1.2

1.2

1.2

1.0

1.0

5.8
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TABLE 3

Effect of rI,, . rC� and its mismatched analogues on mitogenicity of human spleen cells

TABLE 4

Effect of ri, . rC, and its mismatched analogues on

[3H1-thymidine uptake in PHA-stimulated human

leukocytes

Experimental details are presented in MATERIALS

AND METHODS.

Polynucleotide du- Conc. CPM % of
plex incorpo-

rated
con-
trols

rI� . �f3� iO-� M

iO-� M

106M

l0� M

10,200
9,770

11,100

9,570

97

93

105

91

rI�.r(C�o,G), io-� M

icr5 M

10�6 M

10-_ M

11,100
11,100

10,300

9,870

106

106

98

94

rI�.r(C12,U)� io--� M

ici-5 M

lO6M

10-v M

11,300

11,800

11,900

10,800

107

112

113

103

IMP & CMP equimo-

lar 10�4M

103M

10�6M

i0-� M

11,600

12,400

11,300

11,700

110

117

107

111

Cytosine arabinoside 25 pg/mi 680 6.4

Cycloheximide 50 j.tg/ml 656 6.2

Unstimulated (no

PHA) 156 1.5

Control (Buffer +

PHA) 10,500 100

Cell suspensions, obtained from a surgical
specimen, were first incubated with the
compounds in the presence and absence of
16% human serum, cultivated and then

pulsed with [3H]-TdR for 6 hr, and relative
amounts of incorporation were determined.
Buffer A served as a negative control by

providing a background value of [3H]thy-
midine incorporation, and treatment with
phytohemagglutinin served as a positive
control in demonstrating the viability and
responsiveness of these cells in culture (8).

rln � rCn (‘�300 LM) had a stimulation index
(last column, Table 3) approximatley one-

half that of the potent plant mitogen, PHA;
a dose-response effect was suggested with
rln � 1�Cn, although the overall magnitude of
the stimulation index is several-fold less
than observed in murine splenocytes (8).
Importantly, the two mismatched inducers
at identical concentrations demonstrated

little or no mitogenic potential. Assuming
a linear extrapolation in dosage, these two

mismatched inducers may be 10-fold less
active than rI� . �{J� at a high dosage level.
Such a differential effect might also be seen
in man with circulating RNA duplexes gain-
ing access to splenocytes within the reticu-
loendothelial network (see DISCUSSION).

Experiments illustrated by Table 4 were
designed to determine any modulatory ef-
fects of dsRNAs on a PHA directed mito-

genie response of human leukocytes. Spe-
cifically, following rI� . rC� treatment, a
transient impairment in lymphocyte re-

sponse to mitogens has been often noted in
man (5), although apparently the impair-
ment in lymphocyte DNA synthesis is not
a constant clinical finding. For our in vitro

analysis with several types of dSRNA, we
also included well-established antimetabo-
lites, cytosine arabinoside and cyclohexi-
mide as positive controls to demonstrate
that the PHA-induced human leukocyte

response could definitely be aborted. Table
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4 shows that PHA induces a 2 log increase
in apparent DNA synthesis which can be
blocked about 95% by either cytosine ara-
binoside or cycloheximide. We also found
that equimolar amounts of mononucleo-
tides, IMP and CMP, as might be produced
by the expected hydrolysis of the added

polynucleotide duplexes, did not influence
DNA synthesis (Table 4, 4th experimental
set). The three polynucleotide duplexes
were then studied over a wide concentra-
tion range, 100 zM to .1 �LM. Surprisingly, no
modulation of [3H]thymidine uptake was
seen with any of the duplexes, including rln.
1�Cn at 100 ELM. Therefore, we conclude that
the transient impairment noted in vivo (5)
may either be a unique property of certain

batches of rI� . rC� or that the cells which

participate in this impairment in vivo are
absent in our preparations.

Given the evidence that dsRNAs may
have cell-regulatory activity in animals (2),
we also investigated possible antiprolifera-
tive action which the modified duplexes
might have on human fibroblastic cells. In
particular, it has been recently noted that
highly purified mouse interferon can exert

an antiproliferative effect on mouse fibro-
blasts (22). The experiment (Fig. 2) with

human cells was set up in the following

manner: different sets of cells were treated

IO�x8 - CONTROLS

�__.0 rln rCn IcT5M
IO�x4 /1�:_--� nfl r(C,�,U)n KT�M

/,/�----#{149} rln �(C,3,U)n KT4M

/10’ -rlnfCn IO�M

IO5x2

I,, /
/11/

� //

O�x5 - 1__� I � I ________
0 2 4 6 8

TIME (days)

FIG. 2. Cytotoxicity of rI, . rC, and rI, . r(C,,, U)n

on human foreskin fibroblasts

Human foreskin fibroblasts were seeded at a density

of 2 x iO� cells per well. After 24 hr, the cells were

treated with rI� . �(J,, or rI� . r(C13,U)� at 10� or 10� M

in serum-free medium for 1 hr. They were then incu-

bated in medium containing 10% human serum. This

procedure was repeated every two days. Each point

represents an average of two or more welLs.

with the various inducers every 2 days for
1 hr in serum-free medium. The medium
containing the inducer was then decanted,
cell sets washed, and fresh medium contain-

ing 10% human serum was added. For the
first 48 hr after polymer exposure, no effects
were seen on cell growth (Fig. 2); thereafter,

a progressive fall in cell number was seen
at the high dose (100 �LM) of rln � lCn. Thus,
by day 6, control cultures contained twice

as many cells as those treated with rI� . rC�
(100 �LM). At a 10-fold lower dose, the rln.

rC� effect on cell division was not seen until

day 6, suggesting that it may be the “build-
up” of residual polymer which ultimately

results in a reduced growth rate. In the case
of rI�.r(C13,U)�, it apparently requires a
longer time to exert a measurable effect on

growth of these human fibroblastic cells, as
the onset of measurable suppression was
delayed until day 6 to 8 (Fig. 2). The differ-

ence in response curves for rln � r(C13,U)� at
i0� M or i04 M was not statistically signif-
icant. Since we have shown that these cells

respond identically, in terms of interferon
biosynthesis, to both rI� . rCn and its mis-
matched congeners (6, 8), one can conclude

that the differential effects on cell growth
may be independent of the interferon mol-
ecule per se. Namely, the effects reflect
additional cell-directed properties of ds-
RNAs, aside from interferon induction.

DISCUSSION

The strategy in designing a polynucleo-
tide duplex of greater efficacy rests on the

basic premise that either the structural or
the temporal requirements of the desirable
and the undesirable responses are not iden-

tical. This paper represents the fourth re-
port of our long-term program designed to
determine if a superior, and clinically use-
ful, interferon inducer can be developed on
the basis of emphasizing the probable dif-
ferences in temporal requirements between
the antiviral and other biological responses
induced by dsRNAs.

The current text focuses on possible dii-

ferential effects seen with various cells of
exclusively human origin. Effects on cells
with highly diverse differentiation potential
were explored. Some of our experiments
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were focused on specific toxicity of certain
cells because of current clinical data with

interferon preparations which suggested
them to be unusually sensitive targets.

We first found that fresh human leuko-
cyte preparations, when exposed to mis-
matched inducers, generally do initiate in-
terferon production.

Leukocytes are known to respond less
efficiently to synthetic dsRNAs than to
viral agents in vitro (23), although in vivo

leukocyte interferon production is seen

quickly after induction (15).

We also report here that a completely
base-paired inducer, rI� . rCa, has mitogenic
activity with human lymphocyte prepara-

tions, thus extending a previous report in
murine splenocytes (8). Importantly, the
two mismatched inducers had little or no
mitogenic activity, even at concentrations
which should greatly exceed any of those
expected in vivo. This reduced arousal of
the immune system, as judged by direct

specific mitogenie effects, might prove to
have important clinical implications.

Namely, it is known that rI� . rC� can easily
activate latent autoimmune disease in the

mouse (24), and, ifsimilar immunologic fea-
tures were also observed with mismatched
inducers in animal models, their clinical

application would seem to be restricted
only to life-threatening disease.

We also examined another limb of the
human immune response, namely, the pos-
sible ability of synthetic inducers to modu-
late a blastogenic response once it has been
initiated by a plant lectin (PHA). Clinically,
there is a suggestion of transient impair-
ment of lymphocyte responsiveness follow-
ing rI� . rC� administration (5), but we were
unable to confirm this phenomenon by in

vitro studies with three different inducers
at various concentrations.

A prominent feature of the clinical tox-
icity with human leukocyte interferon prep-
arations has been depression of white blood
cell count (17), which might reflect a de-
crease in precursor cells of the myeloid
series. Thus, we determined directly the
effects of mismatched inducers on human

myeloid colony-forming cells. In the pres-

ence of any of the polynucleotide inducers
(rIo . rC� or the two mismatched polymer

pairs), the proliferation of myeloid clones

in soft agar was completely normal. In other
experiments3 we have found that high con-
centrations of purified fibroblast inter-

feron-over 550 units/mi-are required to
suppress myeloid CFC by 50%. Therefore,
the effects observed in vivo on marrow

function may be related to other products
in the leukocyte interferon preparations.

Both viral (used as inducer) and chicken
proteins are known to be present in such
preparations (25). Human fibroblast inter-

feron (26) induced by rL, . rC� and purified
several thousand fold lacks many of the
properties (27) seen with less purified prep-
arations.

We also examined the antiproliferative
effects of rI� . rC� and its mismatched con-
gener rI�.r(C13,U)� on human fibroblasts

grown in monolayers. Cell plates were
treated every two days with fresh polymer
duplex at iO-� or i05 M. After 48 hr, the
number of dividing cells began to fail, fol-
lowing exposure to the higher concentra-
tion of rI� . C�; at a lower dose, the rI� . rC�
effect was not seen until much later, sug-

gesting that a “build-up” of residual poly-
mer may account for this effect. Cells
treated with an identical dose of rI� -

r(C13,U)� required a longer time (hence
more exposures to the cells) to achieve any
measurable effect on cell growth.

The current studies extend our earlier
efforts to delineate in various animal sys-
tems the therapeutic ratio of mismatched
interferon inducers. Collectively, these re-
ports encourage the clinical application of

mismatched inducers; accordingly, we are
presently engaged in safety testing of a

large lot of rI� . r(C12,U)�. It will be of im-
mediate interest to monitor which molecu-
lar forms of human interferon are gener-
ated, and which secondary biological effects
are encountered, when the induction proc-
ess is triggered by the very brief signal of a
mismatched polynucleotide inducer.
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