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gummary

A systematic evaluation of 15 rhinovirus capsid-binding agents against all
100 serotyped human rhinoviruses revealed the existence of two virus groups,
based upon differential susceptibility to antiviral compounds. Elongated and
short-chained compounds preferentially inhibited groups A and B. The
positions of the rhinoviruses within a map derived from a multivariate
analysis allow for the selection of a panel of 17 rhinoviruses, for which the
median antiviral inhibitory value against them will accurately predict the
median valuc against 100 serotypes. This rationalizes the search for broad-
spectrum capsid-binding antirhinovirus drugs, or combinations of drugs with
complementary spectra that may be necessary to effectively inhibit both type A
and type B viruses.

Rational screening program; Rhinovirus; Screening, antiviral

Human rhinoviruses (HRYV) represent a large genus within the class of the
picornaviridae, containing 100 antigenically different serotypes (Hamparian et
al., 1987). The three-dimensional structures of HRV14 (Rossmann et al., 1985)
and HRVIA (Kim et al., 1989) have recently been studied in atomic detail. The
three larger structural proteins (VP1, VP2 and VP3) of both viruses form the
exterior of the viral capsid, while VP4 is at the interface between the capsid and
the RNA. Neutralizing antibody binding sites were found on the extreme
surface of the virus, surrounding a 25 A deep ‘canyon’ on the viral surface. The
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canyon structure has been proposed to be the site of receptor binding (Colonno
et al., 1988). The floor of the canyon is formed by relatively conserved
sequences (Rossmann et al., 1985). By use of X-ray diftfraction, WIN 51711, an
antipicornavirus agent was shown to bind into a hydrophobic pocket beneath
this canyon floor in HRV14 (Smith et al., 1986).
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Fig. 1. Panel of antiviral compounds known to inhibit rhinovirus replication by binding to the capsid
proteins.
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In addition to WIN 351711, several structurally unrelated antiviral
compounds, such as SDS (Lonberg-Holm ct al., 1973). dichloroflavan (Bauer
et al.. 1981), R 61837 (Andries et al., 1988). chalcone (Ishitsuka ct al.. 1982).
MDL 20610 (Kenny et al.. 1986), RMI 15731 (Ash et al.. 1979) a Sandoz
antirhinovirus compound (Fig. 1, SDZ: EP 187618) and chalcone amides
(Ninomiya ct al., 1990) have also been found to inhibit rhinoviral replication by
binding to the viral capsid proteins (see Fig. | for structurcs).

Resistant mutants raised against one of these compounds are usually cross-
resistant to the other capsid-binding compounds (Andries et al.. 1989:
Ninomiya et al., 1990), suggesting that all these molccules bind to a place
corresponding to the hydrophobic pocket in HRV 14, although not nccessarily
binding to the samc amino acids.

The first generation capsid-binding compounds were typically active against
only a limited number of rhinovirus serotypes. Interestingly. when we
compared the antiviral spectra of these molecules, it was found that most of
the capsid-binding compounds were active against almost the same serotypes in
each case. while being inactive against a4 group of other serotypes. However, the
antiviral spectrum of one of these compounds, WIN 51711. was very different
from the consensus spectrum that we had identified for the other capsid-
binding compounds. This finding implied that a combination of two
compounds with complimentary antiviral spectra could result in the inhibition
of a broader spectrum of rhinoviruses. In order to exploit this possibility, more
comparative data were needed on the spectra of the different compounds,
which were all tested by slightly different methods, and more importantly,
against only a limited number of serotypes.

We selected a panel of 15 capsid-binding compounds belonging to
structurally different chemical classes (see Fig. 1) but all sharing the binding
site of WIN 51711 (Andries et al., 1989), and cvaluated their antiviral potency
and spectrum in an MIC (Minimal Inhibitory Concentration) test (Andrics et
al., 1990), using all 100 typed rhinoviruses. Results of these MIC tests (Table 1)
allow a comparison of the potencies of the compounds and the sensitivitics of
the viruses. Median MIC values can be calculated for each compound (Table 1;
median MIC per compound = MIC needed to inhibit S1 of the 100 serotypes)
and for each virus (Table 1. median MIC per virus = MIC nceded for
inhibition by 8 of the 15 compounds). The most potent compounds were R
67041 (median MIC 106 ng/ml), followed by chalcone (130 ng/ml), R 66933
(132 ng/ml), R 66703 (175 ng/ml), MDL 20610 (257 ng/ml) and so on (sec last
row of Table 1). Nine serotypes (serotypes 76, 90, 23, 11, 21, 2, 33, 50. and 71)
displayed a very high sensitivity to capsid-binding compounds with median
MICs below 20 ng/ml (sec last column of Table 1).

The overall potencies of the compounds and the sensitivities of the viruses do
not take into account the specificity of the interaction between an antiviral
compound and a virus. Indeed. the MIC values shown in Table | are a result of
the potency and the specificity of the compound on the one hand. and the
sensitivity and specificity of the viral target on the other hand. Irrespective of
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having a low potency, a compound can be either specifically active against one
or more serotypes or exhibit a broader spectrum of antiviral activity. SDS is an
example of a compound with a low, but broad-spectrum activity. Some
serotypes are more susceptible to SDS than others, but these same serotypes
tend to be the most sensitive for other compounds as well. On the other hand, a
compound with a low potency can be specifically active against one or more
serotypes. WIN 51711 and R 72440 have an overall potency lower than that of
the other compounds studied here, but they tend to be specifically active
against those serotypes that are not susceptible to the more potent compounds.
The same reasoning can be followed in case of the serotypes. A given serotype,
irrespective of having a low sensitivity, can be either specifically sensitive for
one or more compounds, or exhibit a broad sensitivity for most antivirals. For
instance, serotypes such as HRV 3, 4, 5, and 6 have a low overall sensitivity for
most compounds, but are at the same time sensitive to WIN 51711 and R
72440.

In order to analyse and represent the specificity of an interaction in a highly
visual way, and irrespective of potencies of compounds and sensitivities of
viruses, we used the spectral map analysis technique, a variation of principal
component analysis (Lewi, 1989). A virus is positioned in a multi-dimensional
plot based on its specific sensitivity for each of the fifteen antivirals. An
antiviral is positioned in the same plot based on its specific activity against each
of the 100 rhinoviruses. When a virus has an above average sensitivity to a
given compound, it is attracted by that compound and vice versa. When a virus
has a below average sensitivity to a given compound, it is repelled from that
compound. All these interactions and positions are computed automatically,
based on the MIC data, and the resulting map, also called a spectral map, is a
multi-dimensional plot of which the two most important dimensions are shown
(Fig. 2). More details about the methods used to determine compound and
virus locations using the spectral map analysis technique can be found
elsewhere (Andries et al., 1990).

Two groups of rhinoviruses, designated antiviral group A and antiviral
group B, were identified by use of cluster analysis (Andries et al., 1990).
Antiviral group A contains twice as many (67) serotypes as antiviral group B
(33 serotypes). The possible implications of the antiviral groups hypothesis to
the understanding of evolutionary relationships between rhinoviruses and of
rhinovirus epidemiology has been discussed elsewhere (Andries et al., 1990).
We would now like to explain how this model can be used to rationalize drug
screening.

The analysis places similar viruses, that is viruses with similar susceptibilities
to antiviral compounds, into clusters. Antiviral group A consists of viruses
having a more than average susceptibility to elongated compounds such as
WIN 51711 and R 72440. Antiviral group B consists of viruses susceptible to
structurally shorter antivirals such as R 61837, chalcone and dichloroflavan.
Viruses which are computed to lie closely to each other on the spectral map,
tend to have the same MICs when tested against the same antivirals, if their
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Fig. 2. Spectral map obtained by multivariate analysis of antiviral tests. A panel of 1S antiviral compounds
(see Fig. 1) was tested against all rhinovirus serotypes. The origin of viruses and compounds has already
been described (Andries et al., 1990). The positions of compounds are computed according to their
specificities for the 100 rhinovirus serotypes, and irrespective of their potencies (potency is defined here as
the median reciprocal MIC of a compound against the various viruses). Viruses are located on the same
map according to their specificities for the 15 compounds and irrespective of their sensitivities (sensitivity 1s
defined here as the median reciprocal MIC of a virus for the various compounds). Median potencies of
compounds and median scnsitivities of serotypes (sce Table 1) are reflected by the sizes of hexagons and
squares, respectively. The three-dimensional arrangement of compounds and serotypes has been rotated in
order (o show optimum separation of the two groups of serotypes.

overall sensitivities are similar (e.g. HRV 9 and 67, HRV 58 and 36).
Antiviral compounds with a similar chemical structure usually have similar
antiviral specificities and are therefore computed to lie closely to each other
(compare Figs. 1 and 2). Shorter compounds are positioned at the right hand
side of Fig. 2, while longer compounds are usually located in the left hand side.
Some antiviral compounds are particularly active against one subset of
rhinoviruses while being inactive or less than averagely active against another
subset of serotypes. According to calculation, compounds specifically active
against serotypes from antiviral group A appear to lic on the left-hand side of
Fig. 2, while compounds specifically active against serotypes from antiviral
group B appear on the right-hand side. It is interesting to sec that two groups of
compounds seem to exist: a large group clearly more active against serotypes of
antiviral group B and a small group with activity largely restricted to
rhinoviruses of antiviral group A. None of the compounds studied seems to be
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endowed with a real broad spectrum of activity. On the other hand, the
combination of a compound, highly active against serotypes of antiviral group
B and another one with high activity against serotypes of group A could result
in the inhibition of a broader spectrum of rhinoviruses. Our own data suggest
that neither antagonism nor synergism occurs when such a combination is
tested against a particular serotype (results not shown). However, new
compounds with a high activity against antiviral group A viruses are needed
to make such a combination possible.

To explain how antiviral compounds that belong to different chemical classes
draw a distinction between two groups of viruses, we assume that the
hydrophobic pocket, which is the putative binding site for all these compounds,
is dimorphic in shape and/or composition. A crystallographic study of HRV14
showed that the WIN compounds bind into a long and narrow hydrophobic
pocket. The other rhinoviruses from antiviral group A probably have a similar
long and narrow drug-binding pocket. On the other hand, the viruses from
antiviral group B seem to have a pocket which is different in amino acid
composition (Andries et al., 1990) and shape (Kim et al., 1989) to accept the
generally shorter molecules active against these serotypes. The higher activity
of shorter compounds against viruses of antiviral group B, is consistent with
the finding that WIN compounds with short (5-carbon) aliphatic chains have a
greater activity in HRVIA (antiviral group B) than compounds with a 7-carbon
aliphatic chain (Kim et al., 1989).

It is obvious that the model can be used to rationalize the search for new or
more potent antirhinovirus compounds. From the MICs shown in Table | and
the spectral map analysis it can be deduced that screening new compounds
against only one or two serotypes can be very misleading if the serotype is not
carefully selected. For instance, we initially used RV9 for screening in our
laboratory. It is probably not a coincidence that we initially found a compound
(R 61837), highly active against HRV9 and some other serotypes with a
susceptibility profile similar to that of HRV9, but inactive against others. By
using screening viruses located at the edges of the antiviral groups, such as
RV9, 89 or 35, chances to select compounds with activity against only a few
serotypes are relatively high.

For general screening, it is obviously necessary to select at least one serotype
from each antiviral group. Serotypes located close to the centre of the antiviral
groups are preferable because it can be anticipated that many other serotypes
will have a similar antiviral susceptibility. The selection of serotypes with a high
overall sensitivity for antiviral compounds and favourable culturing properties
(e.g. HRV14 from antiviral group A and HRV?2 from antiviral group B) further
increases the chance of detecting weak but specific antiviral activity.

Once a new lead compound has been identified, it becomes increasingly
important to discriminate between narrow-spectrum and broad-spectrum
compounds. In order to do that, a panel of 17 viruses was selected from the
spectral map (Fig. 3). As selection criteria we took into account what was
known about the serotypes (for instance the sequence) and, more importantly,
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the overall sensitivity and the position of that serotype in our model. Several
serotypes with a low overall sensitivity for antiviral compounds were included
in this panel to enable the assessment of antiviral activities for more resistant
serotypes. When the spectrum of a variant of a lead compound is to be
cvaluated, the compound is tested against the panel of 17 serotypes. The
calculation of a median MIC from the MICs obtained for the serotypes of each
antiviral group allows for a very simple but accurate comparison of a
compound’s potency and antiviral spectrum.

The validity of this screening strategy is illustrated in Table 2. The MICs
needed to inhibit 18% (3 of 17), 53% (9 of 17) or 71% (12 of 17) of the 17
screening viruses were compared with the MICs needed to inhibit the same
percentage of all 100 serotypes. It can be seen that the values obtained with the
panel of 17 are highly predictive for those obtained from the testing of all 100.
In only 9% of the cases did the final MIC differ by a factor of more than three
from the predicted one. The final MICs were usually somewhat lower than the
predicted ones. This is probably a consequence of the inclusion of some fairly
resistant viruses in the screening panel.

The data shown in Table 1 not only provide a rational basis for screening
new capsid-binding compounds and improving existing ones. they also can be
used for comparison with spectra of new compounds. Even when only a few
MICs are published, it is now very easy to check whether the serotypes used
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Fig. 3.Panel of screening viruses, sclected from Fig. 2, and used to estimate a compounds activity agaiast
all 100 serotypes.
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have a high or low overall sensitivity, thus providing a more accurate idea of a
compound’s real potency.

The present study does not address whether the proposed model is applicable
to compounds that do not share the same mechanism of action, i.c.. binding to
the hydrophobic pocket. However, as the antiviral grouping scems to be highly
correlated to differences in amino acid sequences of several serotypes (Andries
et al.. 1990). it 1s possible that the model is indeed applicable to non capsid-
binding compounds as well. Additional studies using such compounds are
needed to evaluate the potential of this approach.
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