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Summary

Objective: SiMCAL 1 (simple multilevel clustering and linking, version 1) is a novel
clustering algorithm for time-series microarray data, presented here with an applica-
tion to a specific data set. The purpose of the algorithm is to present a complete
feature set not found in either Jarvis-Patrick clustering, from which it is derived, or in
other popular clustering methods such as hierarchical and k-means. The data concern
the activity of the phosphatidylserine receptor (PSR) which is believed to be a crucial
molecular switch in the mediation of inflammatory response in apoptosis and lysis. By
analyzing the behavior of PSR-related genes in mouse macrophages, we hope to
elucidate the mechanisms involved in this important biological process.
Methods and materials: SiMCAL 1 is implemented in the Python programming lan-
guage using the Numerical Python extensions, and the data are stored using the MySQL
database management system. The data are derived from exposures of multiple
Affymetrix mouse gene microarray chips to elevated levels of PSR antibody and
control conditions. Code and data are available at http://www.dvorkin.com/daniel/
Simcal1.zip (accessed: 17 January 2005).
Results: The algorithm meets its objectives: it is simple, in that it is computationally
inexpensive; it is multilevel, in that it provides a small number of clearly defined
hierarchical levels of clusters; and it offers linking between clusters at the same level
in each hierarchy. Clustering and linking results indicate previously unknown co-
regulation for genes expressing PGH synthase (COX2) and PGE2, appear to confirm
increased production of proteins for clearance of apoptotic cells in the presence of
PSR antibody, and correspond to other findings regarding the temporal relationship
between PGE2 production and B cell proliferation and differentiation. These results
are promising but should be taken as highly preliminary.
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1. Introduction

The introduction is divided into biological and com-
putational background sections. Although the com-
putational aspect depends on the biological aspect,
each may be considered in some degree of isolation:
the biology is an area of ongoing ‘‘wet-lab’’ research
as well as computational analysis, while the com-
putation is based on data mining techniques with a
wide variety of applications, and which are not
specific to the problem at hand.

1.1. Biological background

Normal cell death, or apoptosis, requires regular
housekeeping activity within all multicellular organ-
isms. In vertebrates, this activity is performed by
macrophages, which must be able to distinguish
between three classes of cells: healthy cells, which
the macrophages must not consume; apoptotic
cells, which must be consumed without triggering
an inflammatory response; and cells undergoing lysis
(death from some external cause such as injury or
disease) that also must be consumed, but which
should trigger an inflammatory response [1].

Since cells are constantly undergoing apoptosis
throughout the bodies of all multicellular organ-
isms, the mechanism for preventing inflammatory
response must work perfectly or disease will result.
In humans, serious diseases such as cystic fibrosis,
lupus, and some forms of diabetes may be at least
partly the result of a breakdown of this mechanism
[2].

Phosphatidylserine(PS) is a phospholipid gener-
ally found on the cytosolic surface of the cell mem-
brane in most animal cells. Apoptotic cells appear to
shift PS rapidly to the exterior of the membrane, at
least partly as a signal for phagocytosis. However, it
is far from the only signal for this process. What
makes PS interesting is the effect PS has on the
macrophage. Henson et al. state that the phospha-
tidylserine receptor (PSR) is ‘‘a crucial molecular
switch’’ in the control of immune response [3].
Specifically, when PS is expressed in apoptotic cells,
it appears to reduce inflammation and other aspects
of the immune response by engaging the PSR in
macrophages. Cells undergoing lysis do not show
this behavior, allowing the full range of immune
response, including inflammation, to come into play.

1.2. Computational background

The overall purpose of the project is to analyze
microarray data on genes which might be relevant
to PSR activity. Below we discuss both the nature of
the data and background information on the algo-
rithms used in analyzing the data. Details on the
specific methods used in the analysis are found in
Section 2.

1.2.1. Data
Toensure that thedatawereaccurateand replicable,
three separate and identical experiments (repli-
cants)wereperformed. Ineach,microarrays contain-
ing 12,488 mouse genes known to be active in mouse
macrophages, with each gene being represented by
between 5 and 30 RNA probes, were exposed to a
single concentration of monoclonal PSR antibody
over time. Fluorescent hybridization measurements
were taken for RNA at 30 min, 2 h, and 8 h 30 min.

Identical measurements were taken of control
samples which were treated with an isotype, i.e.,
another IgM antibody with better-known effects.
Another control sample, of which only one measure-
ment was taken, was not treated. Therefore, seven
distinct data points were generated for each probe.
These steps were performed using Affymetrix
(‘‘Affy’’) microarray equipment and the Affy chip
MG-U74Av2, a standard chip containingmouse genes.

1.2.2. SiMCAL versus existing methods
The origin of SiMCAL 1 lies in the Jarvis-Patrick (JP)
algorithm [4], which has been widely used in fields
ranging from astronomy to chemoinformatics, but
has so far not been common in bioinformatics appli-
cations. JP begins with two user-defined para-
meters: k and kmin . For each data element, a list
of that element’s k nearest neighbors is calculated.
Then the algorithm states that two data elements
are in the same cluster if either of the following
conditions applies:

� They are within each other’s lists of nearest
neighbors.

� They have at least kmin nearest neighbors in
common.

The advantages of JP are as follows. First,
because it allows chains of relationships between
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Conclusion: Both the algorithm and its application to this problem show great
potential for future development. We plan to improve and extend the SiMCAL family
of algorithms, and to obtain new data so that the algorithm(s) may be further applied
to this and other problems of interest.
# 2005 Elsevier B.V. All rights reserved.
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