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BACKGROUND

The first generation of antiretrovirals that have been developed and used to treat primarily subtype B infected
patients are finally becoming available in African countries. The subtype B is however not the dominant subtype in
Africa and question remains if these subtypes are less susceptible to these drugs. We will here try to answer this
question by use of artificial neural networks (ANNs).

Figure 1

Plots of predicted mean log(IC50 FC) susceptibility for each subtype to the 16 drugs
- see method section and Figure 2 for the list of drugs

METHOD

We have previously showed that, based on the physiochemical properties of the amino acids, ANNs are able to
extrapolate predictions to non-B subtypes with high accuracy (see box below) despite being trained only with
subtype B sequence data and a matching ICso fold change (FC).

The ANNs we use predict the log(IC 50 FC) susceptibility for protease or reserve transcriptase for a given drug
based on the difference between physiochemical properties of the amino acids in HXB2 sequence (log(IC50 FC)=0)
and any protease or reserve transcriptase presented to the ANN (Figure 3).

log(ICs0 FC)

We applied the use of these ANNSs to further predict the log(IC 50 FC) susceptibility for the most dominant
subtypes in Africa: A, C, G and CRF_AG to the drugs: abacavir, amprenavir, atazanavir, didanosine, efavirenz,
indinavir, lamivudine, lopinavir, nelfinavir, nevirapine, ritonavir, saquinavir, stavudine, tenofovir, zalcitabine,
zidovudine.

We obtained reference sequences for these subtypes from the Los Alamos HIV sequence database. These
subtypes where used for input to the ANNs to predict the log(ICso FC) for each of the above drugs. We used an
unpaired t-test to identify significant differences in mean of the log(IC50 FC) values between B-subtype and non-B
subtypes.

RESULTS

From Los Alamos we extracted 6 sequences for subtype A, 3 sequences for subtype B and 4 sequences for each of
the subtypes C, G and CRF_AG resulting in 96 log(IC50 FC) predictions for subtype A, 16 for subtype B and 64 for
each of the subtypes C, G and CRF_AG.

The predicted mean IC50 FC across the 16 drugs for each subtype was:

Subtype mean Log(IC50 FC) mean 1C50 FC Fighe2  predicted mean log(IC50 FC) susceptibility for each subtype and each of the 16 drugs
A: 0.16 1.18 - a value of zero equals IC50 FC = 1, anything above zero indicates reduced susceptibility
B: -0.13 0.90

(@ -0.30 0.74 Subtype

G: 027 131 8 [ A | ¢ [ 6 | CREAG
Plots of the mean predictions for the individual drugs and for each subtype is shown in the Figure 1. Please note mm
that these values have been transformed from the originally predicted log(IC5o FC) and each data point represents : : : 15 :
the mean per drug and subtype.
We found no significant difference in log(IC50 FC) for subtypes C or CRF_AG compared to the subtype B log(IC50 -0.05
FC) mean. But there was a significant (p<o.os) difference between B and A (p=0.03) and B and G (p=0.02)
predictions. e : : : : :
Detailed log(IC5o FC) predictions are listed in Figure 2. Drugs with a predicted IC50 FC > 2 fold are: Z? ik I_ne -0.97 _0'05 0'01 -0'15 0.0

Subtype: Drug (mean IC50 FO)

A nelfinavir (.4) and zidovudine (27)

o apine 0.46 -0.32 -1.62 -0. -2.30

G: amprenavir (2.2), atazanavir (4.1), nelfinavir (4) and zidovudine (2.5) p : 4 3 55 3

CRF AG: atazanavir (2.5), nelfinavir (.2) and zidovudine (2.). Amprenavir | 041 | o017 | 041 | o8 | 006 |
Excluding these drugs from the analysis resulted in only subtype C (mean IC50 FC=0.70) to be significantly
LIMITATIONS
The extracted reference sequences from the Los Alamos data base constitutes a small and selected dataset. A few 0.41
unusual polymorphisms in some of these sequences can easily have become a bias in the results presented here. m
Of note the low log(IC50 FC) values for subtype B which were expected closer to o for all drugs and for the 9 - 15 4 15
subtypes C and CRF_AG hypersusceptibility to the NNRTIs are being predicted. But instead of using HXB2 (IC50
FC=1 for all drugs given the design of the ANNs) for comparison we decided to use the subtype B reference
sequences from Los Alamos to allow for the same level of bias to the subtype B predictions as we would have to

accept in regards to subtype A, C, G and CRF_AG. Only a larger dataset including larger subtype variation would
allow to adjust for this and to investigate specific polymorphisms that cause significant change in IC5o FC values.

-
S Artificial neural network (ANN) architechture

Feed-forward step:
CONCLUSION Data is fed forward into the network.
Values from input are weighted by the
weights and aggregated into mathematical
functions of the hidden layer.
Output from the hidden layer functions is
weighted by the last set of weights and
aggregated in the output neuron.
Each mutation encoded neurons At the output neuron the predicted Log(IC50

as physiochemical properties.| FC) value is outputted
For example PR 84V:

-2.69

Predictions showed significant difference between the predicted mean IC5o FC values for the both A and G HIV-1
subtypes compared to IC50 FC for subtype B. This is in part driven by reduced susceptibility to amprenavir,
atazanavir, nelfinavir and zidovudine and does also affect susceptibility for C and CRF_AG subtypes. To the
majority of the drugs we did not find any reduced susceptibility to the drugs for the subtypes and C subtypes may Input layer

even have an increased susceptibility to these drugs. Input: with input

Kjeer ), Hgj L, Fox Z, Lundgren JD.: Prediction of phenotypic susceptibility to antiretroviral drugs using physiochemical -2.53
properties of the primary enzymatic structure combined with artificial neural networks. HIV Medicin Vol. 9, issue 8, -1.29 Output:

start page 642: —> S ) Log(IC,,FO)

“RT sequence data was not available for non-B subtypes therefore we could not validate the use of ANNs for either 0
NRTIs or NNRTIs. For PR we found 3 subtype C sequences for atazanavir; 15 subtype C and one subtype D sequences for Output layer with
amprenavir, indinavir, nelfinavir, ritonavir and saquinavir; and 16 subtype C and one subtype D sequence for lopinavir. y output neuron
This allowed for a total of 100 IC50 FC values to be predicted for primarily C subtypes by ANNs trained with unigue Hidden layer
subtype B sequences. The IC50 FC values were mainly in the susceptible range with a mean IC50 FC value of 1.25 (1QR: . .

0.70 - 5.84) and with 32% observed and 29% predicted above IC50 FC » x3 fold. The overall correlation coefficient with hidden neurons:
between the observed and the predicted IC50 FC values was found to be 0.89 (0.77 for nelfinavir, 0.80 for lopinavir, mathematical functions
0.81 for amprenavir, 0.95 for indinavir and 0.96 for atazanavir, ritonavir and saquinavir, respectively). The overall PPV

for all 100 predictions was 0.86. ” —> Direction of data in the neural network.
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