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Preface

The area of medical and biological data analysis has undergone numerous trans-
formations in recent years. On the one hand, the Human Genome Project has
triggered an unprecedented growth in gathering new types of data from the
molecular level, which has in turn raised the need for data management and
processing and led to the exponential growth of the bioinformatics area. On the
other hand, new bits of information coming from molecular data have started
filling some long-standing gaps of knowledge, complementing the huge amount
of phenotypic data and relevant medical analysis. Thus, bioinformatics, medical
informatics and biomedical engineering disciplines, contributing to the vertical
integration of knowledge and data, using information technology platforms and
enabling technologies such as micro and nano sensors, seem to converge and
explore ways to integrate the competencies residing in each field.

ISBMDA has formed a platform, enabling the presentation and integration of
new research results adding huge value to this scientific endeavour. This new re-
search information stems from molecular data and phenotypically-oriented med-
ical data analysis such as biosignal or bioimage analysis, novel decision support
systems based on new combinations of data, information and extracted knowl-
edge and, innovative information technology solutions enabling the integration of
knowledge from the molecules up to the organs and the phenotype. Thus, the 7t*
ISBMDA was a place for all the above mentioned competencies to come together,
and for the discussion and synthesis of new approaches to our understanding of
the human organism function on a multiscale level.

We would like to express our gratitude to all the authors who submitted their
work to the symposium and gave the Technical Program Committee the oppor-
tunity to prepare a symposium of outstanding quality. This year we received 91
contributions and following a rigorous review procedure 44 contributions were
selected for presentation at the symposium. The form of the 44 presentations
selected was either oral (28 oral presentations) or poster (16 poster presenta-
tions). We would finally like to thank the Technical Program Committee and
the reviewers who helped, for the preparation of an excellent program for the
symposium.

December 2006 Nicos Maglaveras
Ioanna Chouvarda

Vassilis Koutkias

Riidiger Brause
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HLA and HIV Infection Progression:
Application of the Minimum Description Length
Principle to Statistical Genetics

Peter T. Hraber!:2, Bette T. Korber" 2, Steven Wolinsky®, Henry A. Erlich?,
Elizabeth A. Trachtenberg®, and Thomas B. Kepler®

! Santa Fe Institute, 1399 Hyde Park Road, Santa Fe NM 87501 USA
2 Los Alamos National Laboratory, Los Alamos NM 87545 USA
3 Feinberg School of Medicine, Northwestern University, Chicago IL 60611 USA
4 Roche Molecular Systems, 1145 Atlantic Ave, Alameda CA 94501 USA
5 Children’s Hospital Oakland Research Institute, Oakland CA 94609 USA
6 Department of Biostatistics and Bioinformatics, Duke University Medical Center,
Duke University, Durham NC 27708 USA

Abstract. The minimum description length (MDL) principle was de-
veloped in the context of computational complexity and coding theory.
It states that the best model to account for some data minimizes the
sum of the lengths, in bits, of the descriptions of the model and the
data as encoded via the model. The MDL principle gives a criterion for
parameter selection, by using the description length as a test statistic.
Class I HLA genes play a major role in the immune response to HIV, and
are known to be associated with rates of progression to AIDS. However,
these genes are extremely polymorphic, making it difficult to associate
alleles with disease outcome, given statistical issues of multiple testing.
Application of the MDL principle to immunogenetic data from a lon-
gitudinal cohort study (Chicago MACS) enables classification of alleles
associated with plasma HIV RNA abundance, an indicator of infection
progression. Variation in progression is strongly associated with HLA-B.
Allele associations with viral levels support and extend previous studies.
In particular, individuals without B58s supertype alleles average viral
RNA levels 3.6 times greater than individuals with them. Mechanisms
for these associations include variation in epitope specificity and selection
that favors rare alleles.

1 Introduction

Progression of HIV infection is characterized by three phases: acute, or early,
chronic, and AIDS, the final phase of infection preceeding death [1]. The chronic
phase is variable in duration, lasting ten years on average, but varying from two
to twenty years. A good predictor of the duration of the chronic phase is the viral
RNA level during chronic infection, with higher levels consistently associated
with more rapid progression than lower levels [2]. A major challenge for treating
HIV and developing effective vaccination strategies is to understand what causes
variation in plasma viral RNA levels, and hence to infection progression.

N. Maglaveras et al. (Eds.): ISBMDA 2006, LNBI 4345, pp. 112, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 P.T. Hraber et al.

The cell-mediated immune response identifies and eliminates infected cells
from an individual. A central role in this response is played by the major his-
tocompatibility complex (MHC), in humans, also known as human leukocyte
antigens (HLA). Two classes of HLA genes code for codominately expressed
cell-surface glycoproteins, and present processed peptide to circulating T cells,
which discriminate between self (uninfected) and non-self (infected) cells [3,4].

Class I HLA molecules are expressed on all nucleated cells except germ cells.
In infected cells, they bind and present antigenic peptide fragments to T-cell
receptors on CD8+ T lymphocytes, which are usually cytotoxic and cause lysis
of the infected cell. Class II HLA molecules are expressed on immunogenetically
reactive cells, such as dendritic cells, B cells, macrophages, and activated T
cells. They present antigen peptide fragments to T-cell receptors on CD4+ T-
lymphocytes and the interaction results in release of cytokines that stimulate
the immune response.

Human HLA loci are among the most diverse known [5,6]. This diversity
provides a repertoire to recognize evolving antigens [6,7]. Previous studies of
associations between HLA alleles and variation in progression of HIV-1 infection
have established that within-host HLA diversity helps to inhibit viral infection,
by associating degrees of heterozygosity with rates of HIV disease progression [§].
Thus, homozygous individuals, particularly at the HLA-B locus, suffer a greater
rate of progression than do heterozygotes [8,9]. Identifying which alleles are
associated with variation in rates of infection progression has been difficult, due
in part to the compounding of error rates incurred when testing many alternative
hypotheses, and published results do not always agree [10,11].

This study demonstrates the use of an information-based criterion for sta-
tistical inference. Its approach to multiple testing differs from that of standard
analytic techniques, and provides the ability to resolve associations between vari-
ation in HIV RNA abundance and variation in HLA alleles.

As an application of computational complexity and optimal coding theory to
statistical inference, the minimum description length (MDL) principle states that
the best statistical model, or hypothesis, to account for some observed data is the
model that minimizes the sum of the number of bits required to describe both
the model and the data encoded via the model [12,13,14]. Tt is a model-selection
criterion that balances the need for parsimony and fidelity, by penalizing equally
for the information required to specify the model and the information required
to encode the residual error.

2 Methods

The analyses detailed below apply the MDL principle to the problem of parti-
tioning individuals into groups having similar HIV RNA levels, based on HLA
alleles present in each case.

Chicago MACS HLA & HIV Data. The Chicago Multicenter AIDS Cohort
Study (MACS) provided an opportunity to analyze a detailed, long-term, longi-
tudinal set of clinical HIV/HLA data [10]. Each participant provided informed
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consent in writing. Of 564 HIV-positive cases sampled in the Chicago MACS,
479 provided information about both the rate of disease progression and HLA ge-
netic background. Progression was indicated by the quasi-stationary “set-point”
viral RNA level during chronic infection. Immunogenetic background was ob-
tained by genotyping HLA alleles from class I (HLA-A, -B, and -C) and class II
(HLA-DRBL1, -DQB1, and -DPB1) loci.

Viral RNA set-point levels were determined after acute infection and prior to
any therapeutic intervention or the onset of AIDS, as defined by the presence
of an opportunistic infection or CD4+ T-cell count below 200 per ml of plasma.
Because the assay has a detection threshold of 300 copies of virus per ml [10],
maximum-likelihood estimators were adjusted to avoid biased estimates of pop-
ulation parameters from a truncated, or censored, sample distribution [15]. Viral
RNA levels were log-transformed for better approximations to normality.

High-resolution class I and II HLA genotyping [10] provided four-digit allele
designations, though analyses were generally performed using two-digit allele
designations because of the resulting reduction of allelic diversity and increased
number of samples per allele. Because of the potential for results to be con-
founded by an effect associated with an individual’s ethnicity or revised sam-
pling protocol, two separate analyses were performed, one using data from the
entire cohort, and another using only data from Caucasian individuals. Sample
numbers were too small to study other subgroups independently.

HLA supertypes group class I alleles by their peptide-binding anchor motifs
[16]. Assignment of four-digit allele designations to functionally related groups of
supertypes at HLA-A and -B loci facilitated further analysis. Where they could
be determined, HLA-A and HLA-B supertypes were assigned from four-digit
allele designations [10]. As with two-digit allele designations for each locus, HLA-
A and -B supertypes were assessed for association with viral RNA levels. Cases
having other alleles were withheld from classification and subsequent analysis.

A description length analysis determined whether HIV RNA levels were non-
trivially associated with alleles at any HLA locus.

Description Lengths. The challenge of data classification is to find the best
partition, such that observations within a group are well-described as indepen-
dent draws from a single population, but differences in population distributions
exist between groups. Whether the data are better represented as two groups,
or more, than as one depends on the description lengths that result.

We use the family of Gaussian distributions to model viral RNA levels. While
the MDL strategy can be applied using any probabilistic model, a log-normal
distribution is a good choice for the observed plasma viral RNA values. First, the
description length of the model and of the data given the model is calculated as
described below, grouping all of the observations into one normal distribution,
L. Next, the data are broken into two partitions, Lo, and the log-RNA values
associated with HLA alleles are partitioned to minimize the description length
given the constraint that two Gaussian distributions, each having their own mean
and variance, are used to model the data.



