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INTRODUCTION

Adipocytes (fat cells) are highly specialized cells
playing a critical role in regulation of the energy
homeostasis. Their primary and most thoroughly stud-
ied functions are storing energy in the form of lipids
(triacylglycerides) and releasing it in the form of free
fatty acids formed in the course of lipolysis. In addition,
they participate in the regulation of energy balance of
the whole organism by means of secretion of the endo-
crine, paracrine, and autocrine signals [1]. However,
detailed signal pathways and molecular processes reg-
ulating the expression and secretion of regulatory fac-
tors and the general functioning of adipocytes, as well
as the consequences of various possible violations are
still insufficiently studied [2, 3].

In recent years, many advanced countries have
encountered the problem of obesity (adiposis), which
leads to increased risk of many diseases such as type II
diabetes, dyslipidemia, coronary heart diseases [4], and
some types of malignancy [5]. Excess growth of the fat
tissue may be caused both by the accumulation of
excess lipids in the existing adipocytes and by an
increase in the population of fat cells as a result of the

transformation of stromal stem cells into adipocytes [2,
6]. Elucidation of a detailed pattern of these processes
and development of biomarkers for distinguishing them
will probably provide more effective strategies for the
treatment of adiposis and related diseases.

Now it is commonly accepted that polypotent fibro-
blast-like stem cells of mesodermal origin are the pre-
cursors of adipocytes [7]. In most mammals, these
preadipocytes begin to differentiate into adipocytes at
the early embryonal stage, but this process is also con-
tinued in the early postnatal period [8]. The close mor-
phology of fibroblasts and preadipocytes and the
impossibility to distinguish between preadipocytes on
various stages of differentiation make the investigation
of adiposis in vivo a difficult task. For this reason, cell
cultures of two types are widely used for the investiga-
tion of adipocyte differentiation: (i) preadipocyte lines
(presently available only for mice) and (ii) primary cul-
tures of stromal precursor cells (which are isolated from
fat tissues of humans and other mammals [1]). Using
these cells, it is possible to separate species-, sex-, age-
dependent and many other features of adipogenesis.
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—The results of two independent DNA-microarray experiments concerning adipogenesis in the
murine preadipocyte 3T3-L1 cell line, which covered the first two days after the induction of differentiation,
were analyzed using the multidimensional scaling (MDS) method. In both data arrays, the first three scaling
components accounted for 73.5–73.8% of the total dispersion. This result implies that both arrays of the gene
expression profiles are in fact three-dimensional and each component reflects a definite principal process
involved in one of the three early stages of adipogenesis: (i) determination of the fibroblast-like stem cells,
(ii) clonal expansion of adipoblasts, and (iii) preadipocyte conversion into a mature adipocyte phenotype. Each
profile of the gene expression is characterized by coefficients of correlation with the first three scaling compo-
nents. The functional annotation in terms of the Gene Ontology database profiles (sorted according to the cor-
relations with each component) generally corresponds to a regular change of elementary biological processes
during the three early stages of adipogenesis. Analysis of correlations with the principal scaling components
for the genes previously classified as subject to differential expression in the course of adipogenesis in mice
suggests a complicated role of these genes in early adipogenesis (in some cases, described in the literature). The
MDS analysis of the gene expression profiles and the analysis of correlations between these profiles and the
main scaling components provides a deeper insight into the fine role of these genes and makes possible the
search for new biomarkers of various differentiation stages.
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Investigations using murine preadipocyte 3T3-L1
cell line revealed several stages characteristic of the
process of adipocyte differentiation (Fig. 1). The first
several hours are necessary for the determination of
totipotent embryonal stem cells and the direction of
their development into fibroblast-like stem cells, adipo-
blasts, and preadipocytes. The adipoblasts exhibit pro-
liferation (

 

exponential growth stage

 

) until the forma-
tion of a continuous layer (by the middle of the first
day), which is terminated at the stage of the G1/S cell
cycle (

 

stage of growth arrest

 

 [1]). The second day
involves the 

 

phase of mitotic clonal expansion

 

 of pread-
ipocytes, initiated by differentiation agents and consist-
ing of one or two cell divisions. After this phase, the
main mechanisms ensuring realization of the adipo-
genic program set in. By the fourth day, an apparatus
for the accumulation, synthesis, and decomposition of
lipids is formed, the level of expression of the corre-
sponding enzymes is increased. Then, the cytoskeleton
is rearranged and the specific morphology of adipo-
cytes is established [1, 2].

The growth in the number of adipocytes is a result
of differentiation and maturation of the precursor cells,
which is controlled by the endocrine, paracrine, and
autocrine signals. However, detailed molecular mecha-
nisms governing these regulatory factors of adipogene-
sis are yet unclear [2, 3].

In recent years, investigations of gene expression on
the genome scale by means of cDNA arrays and high-
density oligonucleotide arrays, supplemented by pro-
teomic data, filled many gaps in our knowledge of adi-
pocyte differentiation. A comparative analysis of data
obtained using various microarray technologies (inter-
platform verification of conclusions) should signifi-
cantly decrease erroneous predictions concerning the
differential expression of genes and their belonging to
co-expression groups and gene expression clusters.
However, this approach has certain limitations, since it
is applicable only to data for arrays with comparable
temporal points [9].

At present, a large volume of information is accu-
mulated concerning the pathways of signals regulating
the process of adipogenesis, but the available data are
fragmentary and many of the molecular mechanisms
are still unclear. Several attempts have been undertaken

to study adipogenesis of murine preadipocyte 3T3-L1
cells using microarray techniques, which revealed
many new genes with significant differential expression
and complex expression patterns, but the attention of
researchers was mostly devoted to the late stages of adi-
pogenesis [10–13]. For this reason, the early events of
preadipocyte differentiation are still insufficiently stud-
ied, including the process of totipotent stem cell com-
mitment, transcription regulation mechanisms, and the
functioning of principal transcription factors [3, 9, 15].
We believe that the integration of microarray data con-
cerning the differential and consistent expression of key
adipogenesis-related genes with information about the
structure and functions of the corresponding proteins
will provide more adequate reconstruction of the
molecular processes of determination and proliferation
of adipoblasts and will reveal the key regulatory ele-
ments in these gene networks.

The main aim of this investigation was analysis of
gene expression profiles at the early stages of adipogen-
esis in mice, obtained with the aid of two microarray
platforms for the murine preadipocyte 3T3-L1 cell line.
The analysis was performed using an approach based
on the multidimensional scaling (MDS) of the data
array. Then, functional annotation was carried out in
terms of the Gene Ontology (GO) database lists of
genes sorted according to the results of correlation
analysis. Finally, the efficacy of this approach was qual-
itatively evaluated by comparison with the results for
well-known gene biomarkers of early adipogenesis.

DATA AND METHODS
Data on the gene expression refer to the murine

preadipocyte 3T3-L1 cell line originating from a clone
obtained using 17- to 19-day embryos of the Swiss 3T3
mice line. The cells of this line are partly committed
(i.e., have certain limitations of the development poten-
tial) and eventually yield cells of cartilage, fatty, or con-
nective tissue, depending on the conditions [1].

We have used two data sets. The first set was taken
from the data reported by Burton et al. [15] (below,
Burton array), which were obtained using Affymetrix
MG-U74Av2 oligonucleotide chips. This microarray
platform contained 12 488 probe sets. The Burton array
is available in the format of primary *.CEL files [16].
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Fig. 1.

 

 Schematic diagram illustrating the transformation of cell phenotype from fibroblast-like stem cells via adipoblasts to pread-
ipocytes (top) and the temporal series corresponding to the two sets of data taken from [17] (upper scale) and [15] (lower scale).
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The set of data used in the present analysis included the
results of 12 hybridizations representing six temporal
points 0, 2, 8, 16, 24, and 48 h (each in two repeats) after
inducing differentiation with an IDX (insulin, dexametha-
sone, 3-isobutyl-1-methylxanthine) hormonal mixture.

The second set was taken from the data reported by
Hackl et al. [17] (below, Hackl array), which were
obtained using TIGR-Chips cDNA microarrays com-
prising 27 648 elements (including control). The set of
data used in the present analysis included the results of
30 two-color hybridizations, representing five temporal
points 0, 6, 12, 24, and 48 h after induction of differenti-
ation with a mixture of insulin, dexamethasone, 3-isobu-
tyl-1-methylxanthine, pantotenoic acid, and biotin, and
three biological replicas. Each replica and temporal point
was studied in two hybridizations with alternation of flu-
orochrome and a common control (RNA from initial
cells). The Hackle array is available in E-MARS-2 nota-
tion from the ArrayExpress database [18].

The common elements in both platforms (oligonu-
cleotide and cDNA microarrays) were revealed using
UniGene identifiers. Elements of one array not having
analogs in the other were exempt from the further anal-
ysis. As a result of this preparation, the Burton array
was represented in our analysis by 3395 expression
profiles and 12 samples (0, 2, 8, 16, 24, and 48 h points,
each in two repeats), while the Hackl array was repre-
sented by 5437 expression profiles and 30 samples (six
samples for five points: 0, 6, 12, 24, and 48 h).

The data arrays were converted into logarithmic
scale, centered, and normalized (first, over samples and
then over expression profiles). Each line of the matrix
of gene expression can be considered as a point in a
multidimensional space. Moreover, since all distance
from each point to the origin after normalization is
unity, all points (profiles) occur on the surface of a mul-
tidimensional sphere with a unit radius ad a dimension
of 

 

N 

 

– 1, where 

 

N

 

 is the number of samples. The coef-
ficient of correlation between two profiles is equal to
the cosine of the angle between the radii drawn from
the origin to the corresponding points. The correlation
with a profile occurring on the opposite side of the
sphere is –1, which implies that the higher is the expres-
sion of one gene, the lower is that of the other in the
same samples (and vice versa).

Each data array was characterized by a matrix of
Euclidean distances between samples, and this matrix
was processed using the MDS method with a maximum
dimension of 9 accessible in the Statistica program
package. Several first MDS axes (components) corre-
spond (by analogy with the method of principal compo-
nents) to the directions of maximum variability
between samples. Note that straightforward calculation
of the principal components via the correlation matrix
of profiles is impossible in view of a vast number of
profiles. Then, each profile was characterized by the
coefficients of correlation with the MDS components.
Components related to the temporal points reflect the

main processes involved in adipogenesis, while their
correlations with expression profiles characterize the
participation of genes in these processes. Positive coef-
ficients correspond to an increase in the expression dur-
ing the process, while negative coefficients are indica-
tive of suppression of the gene expression.

The data were processed using Microsoft Excel and
Statistica program packages, and a Transcriptomics
routine included in a software complex Systems Biol-
ogy [19] developed at the Theoretical Genetics Labora-
tory, Institute of Cytology and Genetics (Novosibirsk).

The search for identifiers in published databases
associated with genes presented in microarrays and the
functional annotation of genes were performed using a
NETAFIX server supported by Affymetrix [20].

RESULTS

The literature and online databases present several
data arrays obtained using various microarray plat-
forms for the investigation of processes involved in the
adipogenesis induced in fibroblast-like 3T3-L1 murine
cells [10–13, 15, 17]. However, only the data reported
in [15, 17] contain a sufficiently detailed series of tem-
poral points for the early stages of adipogenesis devel-
oping within the first two days. These investigations
were performed using different microarrays: oligonu-
cleotide Affymetrix chips [15] and cDNA microarrays
of the Institute of Genome Research (USA). As is
known, the results of interpretation of the data of
microarray experiments strongly depend on the plat-
form, protocol, and the features of algorithm used in the
analysis [21]. This situation stimulates the search for
additional means of increasing the reliability of conclu-
sions. In our study, this was achieved through a compar-
ison of the results of MDS analysis f the profiles of gene
expression obtained using different microarray plat-
forms.

The coordinates of samples on the axes of scaling
related to the time past the induction of differentiation
can be considered (by analogy with the method of prin-
cipal components) as corresponding to the principal
components of the gene expression profiles. In the Bur-
ton array, the first three scaling components accounted
for 73.5% and in the Hackl array, for 73.8% of the total
dispersion. This result implies that both arrays of the
gene expression profiles are essentially three-dimen-
sional (despite the vast number of individual profiles)
and each of these components reflects a definite princi-
pal process involved in adipogenesis.

It was found that, judging from the character of tem-
poral variations, the first scaling component in the Bur-
ton array corresponded to the third component in the
Hackl array, the third component in the Burton array
corresponded to the first component in the Hackl array,
and the second components of both arrays corre-
sponded to each other. Accordingly, Figs. 2–4 present
the results of analysis so that the components corre-
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Fig. 2.

 

 Temporal variation of the scaling components corresponding to each other in the Burton (squares) and Hackl (triangles) data
arrays: (a) third component in the Burton array and first component in the Hackl array; (b) second components in both arrays;
(c) first component in the Burton array and third component in the Hackl array.

 

Fig. 3.

 

 Diagrams of distribution of 12 sets of biological processes for 50 gene expression profiles with maximum values of the
(a, b) positive and (c, d) negative coefficients of correlation between gene expression and the values of (a, c) third component of the
Burton array and (b, d) first component of the Hackl array. Annotation of biological processes is indicated in the right column.

 

sponding to each other are plotted on the same panel.
Lines connecting points in Fig. 2 reflect the boundaries
of variation of the components calculated for various
samples.

Despite the presence of noncoincident points in the
different sets, one can readily see that on the whole the
plots reflect similar dynamics in the course of gene
expression. Indeed, the behavior of the first component
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in the Burton array and the third component in the
Hackl array (Fig. 2a) with a maximum corresponding
to the first half of the first day upon adipogenesis stim-
ulation can be interpreted as reflecting changes in the
gene expression at the stage of determination of the adi-
pocyte-specific development of stem cells during the
first hours of adipogenesis.

The behavior of the second components (Fig. 2b) in
both arrays, which show the growth of components by
the end of the first day of adipogenesis and the retention
of high values during the second day, can be interpreted
as reflecting changes in the gene expression in the stage
of exponential growth of adipoblasts and mitotic clonal
expansion of preadipocytes.

The third component of the Burton array and the
first component of the Hackl array (Fig. 2c) exhibit
growth by the end of the third day, which apparently
reveals changes in gene expression in the course of pro-
liferation suppression and the transition of preadipo-
cytes to the formation of adipocyte-specific morpho-
logical and biochemical phenotypes.

In order to determine gene profiles contributing to
each particular process, we calculated the coefficients
of correlation with the first three scaling components
and sorted the profiles with the maximum absolute
value of these coefficients, that is, with the increasing
or decreasing expression. Each of the three principal
components was represented by 50 gene expression
profiles with maximum values of the positive and neg-
ative correlation coefficients and brought into corre-
spondence with the functional annotation of their par-
ticipation in biological processes in terms of the GO
database [22]. Complete results of the functional anno-
tation of genes of these gene profiles are available on
the site of the Functional Genomics Sector, ICG [20].

The diagrams of distribution of the sets of biological
processes including terms of the GO database with
close meaning are presented in Figs. 3–5.

The diagrams in Figs. 3a–3d show that, in the course
of determination of the adipocyte-specific development
of the stem cells during the first hours after the induc-
tion of adipogenesis (with the values of scaling compo-
nents depicted in Fig. 2a), the trend most pronounced in
both data arrays is the predominance of genes related to
positive and negative regulation of transcription and
transmission of signals from receptors on the cell sur-
face and in the cytosol via kinase channels to the
nucleus. Note that the genes are partly activated and
partly suppressed, which is natural of rapid regulatory
processes. One can see, on the one hand, enhanced
expression of genes encoding proteins that provide the
transport of molecules, ions, and electrons and, on the
other hand, low expression of the genes responsible for
the metabolism of nucleic acids (DNA replication and
repair, RNA metabolism) and the cell cycle process.

The diagrams in Figs. 4a–4d correspond to the stage
of adipoblast and preadipocyte proliferation (with the
values of scaling components depicted in Fig. 2b) and
show that, in comparison to Fig. 3, both data arrays are
characterized, on the one hand, by an increase in the
expression of genes involved in the cell cycle, metabo-
lism of nucleic acids, and apoptosis and, on the other
hand, a decrease in the expression of genes encoding
the cytoskeleton proteins and involved in the transport.

The diagrams in Figs. 5a–5d reflect most significant
changes in the expression of genes in the third phase
involving the suppression of proliferation and the con-
version of preadipocytes into mature adipocytes (with
the values of scaling components depicted in Fig. 2c).
In comparison with the preceding diagrams, these data

 

Fig. 4.

 

 Diagrams of distribution of 12 sets of biological processes for 50 gene expression profiles with maximum values of the (a, b)
positive and (c, d) negative coefficients of correlation between gene expression and the values of (a, c) second component of the
Burton array and (b, d) second component of the Hackl array. Annotation of biological processes is indicated in the right column.

  

Correlation

Positive

Negative

(a) (b)

(d)(c)

Burton array
(second component)

Hackl array
(second component) Biological process

 

Transcription regulation

Metabolism of nucleic acids

Protein biogenesis

Signal pathways

Cell cycle

Cytoskeleton

Transport

Carbohydrate metabolism

Lipid metabolism

Metabolism (various)

Apoptosis

Other



 

BIOPHYSICS

 

      

 

Vol. 51

 

      

 

Suppl. 1

 

      

 

2006

 

MULTIDIMENSIONAL ANALYSIS AND FUNCTIONAL ASSIGNMENT S105

 

show, on the one hand, increased expression of genes
responsible for the transport and the metabolism of car-
bohydrates and lipids and, on the other hand, decreased
expression of genes encoding cytoskeletal proteins and
genes involved in the cell cycle.

The above diagrams reveal certain differences
between the two data arrays. In particular, data of the
Hackl array appear as a mixture of adjacent temporal
points and, hence, it can be suggested that the cell cul-
ture in these samples was more desynchronized than
that in the samples used in the Burton array. This dis-
tinction can also be due to some differences in the
experimental procedures. Nevertheless, the general
trends are well manifested in both data arrays.

Let us consider the correlations with the principal
MDS components, which were calculated in both data
arrays for some profiles of gene biomarkers from the
GO database list, showing more than twofold differ-
ence (increase or decrease) in expression within the
first 24 h after the induction of adipogenesis as com-
pared with that presented in review [9]. This list is sup-
plemented with the well-known markers of early adipo-
genesis [3]. A comparison of the MDS results was pos-
sible not for all genes included in the list, since not all
of them remained in the analyzed data arrays after fil-
tration with respect to zero values and the presence of
common UniGene identifiers. The results of our com-
parison are presented in Table 1.

The well-known adipogenesis biomarker 

 

Cebpb

 

 in
the Burton array exhibits a high positive correlation
with the third component and moderate correlation
with the second component and shows an insignificant
positive correlation with the second component in the
Hackl array. This behavior of the gene profile can be
explained by the fact that the expression of this gene

begins immediately after the induction of adipogenesis
and its product is necessary to start the program of
mitotic clonal expansion of adipoblasts. However, this
product is also necessary for activation of 

 

Cebpa

 

 and

 

Pparg

 

 genes, which initiate the adipocyte-specific pro-
gram after the arrest of proliferation [2, 3, 25]. There-
fore, it is possible that the expression of 

 

Cebpb

 

 is also
not suppressed in the course of proliferation. Thus, cal-
culation of correlations allowed us to reveal the expres-
sion of this gene during two phases of the early adipo-
genesis.

The profile of another biomarker of the early adipo-
genesis, 

 

Klf5

 

, which is a target for 

 

Cebpb

 

 [3], exhibits
maximum correlations with the second MSD compo-
nent in the Burton array and the third component in the
Hackl array, which implies that the activation of this
gene expression follows one step behind the expression
of its regulator.

The well-known circadian rhythm regulator, 

 

Arntl

 

(

 

Bmall

 

), is necessary for activation of the process of
accumulation and hydrolysis of lipids in adipocytes
(although the mechanism of its functioning is still
unknown [26]). The profile of this gene exhibits maxi-
mum correlations with the second MSD component in
the Burton array and the first component in the Hackl
array.

The expression of 

 

Gas6

 

 shows a high positive corre-
lation with the second MSD component in the Burton
array and a high positive correlation with the first com-
ponent in the Hackl array. It should be noted that exper-
imental data confirm the active expression of this gene
in the phase of clonal expansion of adipoblasts [27].
Therefore, the result observed for the Hackl array is
probably indicative of a lack of synchrony of the cell
processes in this experiment. It was shown [2] that

 

Fig. 5.

 

 Diagrams of distribution of 12 sets of biological processes for 50 gene expression profiles with maximum values of the (a, b)
positive and (c, d) negative coefficients of correlation between gene expression and the values of (a, c) first component of the Burton
array and (b, d) third component of the Hackl array. Annotation of biological processes is indicated in the right column.
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exact synchronism and correct chronology of molecu-
lar events during adipogenesis is very difficult to main-
tain because, depending on various stimuli, adipoblasts
can make various numbers of divisions and even pass to
the state of preadipocytes without division.

An analogous situation was observed for 

 

Adam8

 

 and

 

Lnx

 

 genes, but no experimental data on their role in the
adipogenesis is available and they have been mentioned
only as candidate genes for marking the entire process
of adipogenesis [9].

The expression profile of the induced 

 

Csrp2

 

 gene
shown in Table 1 exhibits a positive correlation with the
second components in both Burton and Hackl arrays, so
that it probably involved in the proliferation of adipo-
blasts. Previously, it was believed that the product of
this gene, representing a small protein associated with
the actin cytoskeleton, participated in the development
of vessels; however, more recently it was shown that
this gene is expressed in various developing tissues of
mesodermal origin [24]. The role of 

 

Csrp2

 

 in the differ-
entiation of cells—and, in particular, adipocytes—is
still unclear.

Among the genes repressed during the first day of
adipogenesis (Table 2), it is necessary to mention 

 

Ddit3

 

(

 

Chop10

 

), which plays the role of the apoptosis activa-
tor and antiadipogenic factor . The expression of this

gene is repressed in the course of adipogenesis [3, 9],
which is reflected by negative correlations with all
components in both data arrays.

A more complicated behavior is observed for the
anti-adipogenic factors such as 

 

Gata2

 

, 

 

Gata3

 

, and 

 

Klf2

 

,
the profiles of which (judging from the correlation with
the first two MDS components) show an increase in the
expression at some moments during the first day of adi-
pogenesis but are repressed by the end of the second
day. The roles of many genes revealed by microarray
experiments, the expression of which is inhibited (so
that the profiles exhibit a significant negative correla-
tion with some of the principal components), are still
unclear and have to be studied. It is the absence of their
expression that is very important for the normal course
of cell processes, which has led them out of the focus of
interest of researchers employing classical molecular
biology approaches.

Thus the MDS analysis of gene expression profiles
and the analysis of correlations between these profiles
and the principal scaling components show evidence
for more complicated roles of some well-known biom-
arkers, the activity of which is distributed between
three principal phases of the early adipogenesis. These
data are necessary in order to refine the ability of using
these factors as biomarkers for particular phases of cell
differentiation.

 

Table 1.

 

  Correlation with the principal MDS components of the Burton and Hackl arrays for the genes induced within the first
two days of adipogenesis in 3T3-L1 cells according to list [9] and review [3] (data in parentheses refer to obsolete gene nota-
tions encountered in literature or obsolete identifiers used by manufacturers in biochip descriptions)

Gene name Notation
Identifier of 
Affymetrix 
probe chip

Identifier
of reference 

transcript

Identifier of 
UniGene

Correlation of Burton 
array with component

Correlation of Hackl
array with component

3 2 1 1 2 3

A disintegrin and
metallopeptidase
domain 8

 

Adam8

 

103024_at NM_007403 Mm. 15969 –0.52 0.66 –0.20 0.94 –0.03 0.01

Aryl hydrocarbon
receptor nuclear
translocator-like

 

Arntl

 

102382_at; 
164698_at

NM_007489 Mm.440371 
(Mm.12177)

–0.04 0.42 –0.46 0.50 0.14 0.02

CCAAT/enhancer
binding protein
(C/EBP), beta

 

Cebpb

 

92925_at NM_009883 Mm.439656 
(Mm.4863)

0.071 0.38 –0.57 –0.03 0.20 –0.19

Cystein and glyci-
nerich protein 2
(Double LIM
protein-1)

 

Csrp2

 

168753_at; 
93550_at

NM_007792 Mm.2020 –0.38 0.38 –0.79 –0.79 0.33 –0.07

Growth arrest
specific 6

 

Gas6

 

99067_at NM_019521 Mm.3982 –0.36 0.87 –0.22 0.89 –0.14 0.15

Kruppel-like
factor 5

 

Klf5

 

97937_at NM_009769 Mm.30262 –0.06 0.60 –0.34 –0.47 –0.45 0.06

Latexin

 

Lxn

 

96065_at NM_016753 Mm.212039 
(Mm.2632)

–0.22 0.79 –0.46 0.54 –0.53 –0.06

signal transducer
and activator of
transcription 5A

 

Stat5a

 

100422_i_at NM_011488 Mm.277403 
(Mm.4697)

–0.27 –0.17 0.59 0.30 –0.60 –0.63
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DISCUSSION

Several classifications were proposed for the patterns
of gene expression variations in the course of adipogen-
esis, which were based on an analysis using different
algorithms for the clustering of data obtained using vari-
ous microarray platforms. Five types of variation of the
expression of 1889 genes during two days after the
induction of adipogenesis were revealed by means of
hierarchical clustering [13]. For these patterns of expres-
sion, the following biologically descriptive notation of
the adipogenesis phases was proposed: (i) loss of pread-
ipocyte phenotype (cluster 1, gene expression is irrevers-
ibly repressed by 16 h); (ii) mitotic clonal expression
(cluster 2, a peak of gene expression by 16 h); (iii) phe-
notype transformation (cluster 3, gene expression is
sharply activated by 16 h and keeps increasing further);
(iv) early adipocyte phenotype (cluster 4, gene expres-
sion gradually increases up to 48 h); (v) late adipocyte
phenotype (cluster 5, gene expression grows after 48 h).
This description is similar to ours, which separates three
main processes: (i) determination and readjustment of
transcription programs; (ii) clonal expansion; and
(iii) development of transcription programs for the adi-
pocyte phenotype.

The microarray data obtained by Burton et al. [15]
and Hackl et al [17] were also processed by the means
of cluster analysis, in both cases using controlled hier-
archical clustering schemes with the distribution of pro-
files between 12 clusters. In the first case, 1016 profiles
of gene expression were processed using the algorithm
of self-organized maps, while the latter analysis
employed 

 

k

 

-averaging algorithm. Such a big number of
preset clusters (subclasses), probably, allow various
subtypes of the behavior of gene expression to be
revealed, but it does not allow the main biological pro-
cesses involved in the adipogenesis to be identified.

Our approach, which is based on MDS analysis of
gene expression profiles, evaluation of the minimum
dimension of a data array (without substantial loss of
information), and calculation of correlations between
the individual profiles and the separated principal MDS
components, makes possible the separation of gene
expression profile sets (regions on the unit sphere) pro-
ducing the maximum contribution to the observed
dynamics of gene expression. The application of this
approach to two data arrays showed that the maximum
part of dispersion in both cases was related to the first
three scaling components, which could be interpreted
as the manifestation of three main biological processes
in the profiles of gene expression.

The functional annotation of genes whose expres-
sion profiles exhibited maximum or minimum correla-
tion with the three principal MDS components showed
that the maximum contributions to the first component
in the Hackl array and the third component in the Bur-
ton array are due to the profiles of genes involved in the
signal transmission from receptors on the cell surface
and in the cytosol via kinase channels to the nucleus

and in the regulation of transcription. The role of genes
involved in the transcription regulation and signal
transmission is also quite expected in the process of cell
determination, and several gene biomarkers of this type
have been determined so far [2, 3]. Genes with the
expression profiles exhibiting high correlation with the
second MDS component are most frequently involved
in biological processes such as cell cycle, DNA metab-
olism, and apoptosis, which is characteristic of the
stage of active cell proliferation. Such genes are well
known as biomarkers for this phase of adipogenesis
[2, 3]. Finally, genes with the expression profiles exhib-
iting high correlation with the third MDS component
are more frequently involved in the transport and
metabolism of carbohydrates and lipids, which are the
signs of adipocyte phenotype development. However, it
should be noted that the third component is character-
ized by a much lower dispersion as compared to the first
two components. This can be related to the fact that the
available data cover only the beginning of this process
and/or to a decrease in the general consistency of bio-
logical processes with increasing distance from the
starting point.

Thus, analysis of the distribution of correlations
between gene expression profiles and the first three
principal MDS components for microarray data makes
it possible to refine the role of genes by distributing
their profiles between several components. In this
respect, the proposed approach is similar to the meth-
ods of fuzzy clustering and, in combination with the
analysis of functional annotations (experimentally
established or theoretically predicted), it helps studying
a complicated behavior of the expression profiles of the
well-known biomarkers of adipocyte differentiation
and, probably, finding new markers of the particular
phases of adipogenesis.
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