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Cell adhesion and matrix remodeling are elements in many diseases, ranging from athero-Incyte Genomics Inc.,
Palo Alto, CA, USA sclerosis and fibrosis to metastatic cancer. However, many genes that participate in

these processes have not yet been identified. To find such genes, we looked for previously
uncharacterized genes that are co-expressed with known cell adhesion and matrix remo-
deling genes. The known genes in this study included MMP2, TIMP3, BM-40, chondroitin,
connective tissue growth factor, fibromodulin, IGFBP5, laminin, MGP, myosin light chain
kinase, several collagens, and other matrix and adhesion proteins. We found eight pre-
viously uncharacterized genes, here named MXRA1 through MXRA8, that were strongly
co-expressed with these known adhesion and matrix genes. Five of the MXRA genes have
a significant similarity to uncharacterized cDNA sequences or predicted proteins listed in
the Genbank database, but otherwise show distant or no sequence similarity to genes
with known function. Subsequent to our entry of the MXRA gene sequences in the Gen-
bank, three of the eight genes have been independently described by other researchers:
MXRA2 is α-parvin, a cell-matrix adhesion protein, MXRA4 is a C1 complement compo-
nent receptor involved in cell adhesion, and MXRA5 is adlican, an adhesion proteoglycan.
The analysis described here provides further evidence for the role of these genes in ad-
hesion and matrix remodeling.

Keywords: Co-expression analysis, cell adhesion, matrix

1 Introduction

Cell adhesion and matrix remodeling are key elements of
many disease processes, including metastatic cancer, cardio-
myopathy, arthritis, angiogenesis, diabetic necrosis,
atherosclerosis, fibrosis, and ulceration. While many genes
that participate in or regulate these processes are known,
many remain to be identified. Identification of currently un-
characterized genes will provide new diagnostic and thera-
peutic targets and may provide new tools for therapeutic tis-
sue engineering.

2 Materials and Methods

2.1 cDNA library preparation

We examined gene expression in 1375 human cDNA librar-
ies. These libraries were prepared from human tissue
samples taken from surgery, biopsy, or cell lines from di-
verse anatomic and pathologic states. Approximately 5000
cDNA’s from each library were sequenced by gel electropho-
resis, assembled, and aligned against known genes. All
genes detected in at least five 5 of the 1375 libraries were
included in the analysis.
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Table 1. Co-expression of two hypothetical genes A and B as counts
of the number of libraries in which the genes are present or absent.

Number of libraries Gene A present Gene A absent Total

Gene B present 8 2 10
Gene B absent 2 18 20
Total 10 20 30

2.2 Computational analysis

For the purpose of this analysis, we encode each gene as
being either present or absent in a cDNA library. If mRNA
from a gene was detected in the sample, we encode it as a
“1”. If mRNA from a gene was not detected in the sample,
we encode it as a “0”. Table 1 shows an example of the
occurrences of two 2 hypothetical genes, A and B, in 30
cDNA libraries using this encoding. We use a Fisher Exact
test [1] to determine the probability that the co-expression of
two genes, such as that in Table 1, occurs by chance. For
the data in Table 1, the probability that the two genes are
co-expressed by chance is p = 0.0003. In subsequent tables,
we transform p-values into the negative log of the p-value.
Thus, p = 0.0003 would be represented as -log (0.0003) =
3.5. An approximation to the Fisher Exact test, the chi-
square test, is commonly used to analyze such contingency
tables. The chi-squared approximation is only accurate
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Table 2. Co-expression of the known genes. Entries in this table are the probability that the co-expression of each pair of genes is due to chance
(expressed as the negative log of the p-value from the Fisher Exact test).

when the expected number of counts in any cell in the table
is sufficiently large (greater than 10). For many datasets (in-
cluding ours) the expected number in at least one cell is
often less than 10, so we prefer the more accurate Fisher
Exact test.

Because we examine all pairwise relationships among
genes, rather than specifying a hypothesis for association
between a specific pair of genes, we risk finding spurious
associations simply by performing so many comparisons.
One method to control for this risk is to divide the p-value
specified for significance (say, p = 0.05) by the number of
comparisons done for each gene. Usually, we only regard
pairs of genes with co-expression p-values less than 1.0e-
10 to be worth consideration, and then only if we observe

multiple co-expressed genes with a known common biologi-
cal function.

2.3 Accession numbers

Gene name Genbank accession number

MXRA1 AW888226
MXRA2 AW888219
MXRA3 AW888220
MXRA4 AW888224
MXRA5 AW888221
MXRA6 AW888222
MXRA7 AW888225
MXRA8 AW888223
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Table 3. Co-expression of the known genes with the MXRA genes. Entries in this table are the probability that the co-expression of each pair of
genes is due to chance (expressed as the negative log of the p-value from the Fisher Exact test).

Gene name MXRA1 MXRA2 MXRA3 MXRA4 MXRA5 MXRA6 MXRA7 MXRA8

α-2macroglobulin 22 15 28 18 7 35 15 11
α-actinin 22 22 16 24 17 15
BM-40 17 22 21 18 13 27 31 13
C1r 18 23 17 15 8 29 20
calponin 19 21 28 28 20 12
caveolin 1 16 15 18 23 7 18 23 11
chondroitin 19 21 33 19 12 26 23 17
coll III 14 18 23 18 19 22
coll I 18 21 25 15 18 27 16 18
coll VI α 1 16 24 27 11 33 14 28
coll VI α 3 21 25 22 18 19 22 23
ctgf 16 14 17 19 6 17 25 14
desmin 22 20 26 11 31 17
fibromodulin 14 19 16 22 10 18 14 14
fibulin-1D 15 20 25 12 6 27 18 20
filamin 20 21 21 14 7 32 29
gelsolin 18 19 20 20 6 31 22 21
IGFBP5 23 25 25 13 6 24 17 18
LTBP-4 13 13 17 15 20 14 28
lumican 12 25 18 13 13 14 17
MGP 17 16 21 16 28
MLCK 20 22 21 13 6 33 16 12
MMP2 16 19 26 13 11 18 20
SM22 14 18 28 15 6 32 22 17
SMMHC 15 16 26 33 15
TIMP-3 26 22 26 20 10 38 28 16

3 Results and Discussion

We observed strong co-expression among a set of known
matrix remodeling and cell adhesion genes that included α-
2-macroglobulin, α-actinin, BM-40 (Sparc), C1r, calponin,
caveolin 1, chondroitin, collagen III, collagen I, collagen VI
alpha 1, collagen VI α 3, connective tissue growth factor
(CTGF), desmin, fibromodulin, fibulin-1D, filamin, gelsolin,
Insulin-like growth factor binding protein 5 (IGFBP5), latent
transforming growth factor-β binding protein 4 (LTBP-4), lu-
mican, matrix Gla protein (MGP), myosin light chain kinase
(MLCK), matrix metalloprotease 2 (MMP2), SM22, smooth
muscle myosin heavy chain (SMMHC), and TIMP-3. Table 2
shows the co-expression of these genes with each other.
Other matrix and cell adhesion genes, such as thrombo-
spondin, fibrillin, and urokinase-type plasminogen activator,
were also co-expressed with these genes, though not as
closely.

We observed eight previously uncharacterized genes (here
named MXRA1 through MXRA8), that are the most closely
co-expressed with these known genes. The co-expression
of the eight MXRA genes with the known genes is shown in
Table 3. Each of the MXRA genes is co-expressed with at
least ten of the known genes with a p-value of less than
1.0e-10, and has p-values for association comparable to
those among the known genes. In this database, genes that

encode, for example, ribosomal proteins, neurotransmitters
or other proteins that have no relation to adhesion or re-
modeling, have p-values for co-expression with the adhesion
genes of 1.0e-3 or greater.

Five of the MXRA genes have significant similarity to un-
characterized cDNA sequences or open reading frames in
Genbank, but otherwise show distant or no sequence simi-
larity to genes with known function. After our entry of the
MXRA gene sequences in Genbank, three of the eight
genes have been independently described by other re-
searchers. MXRA2 is α-parvin, a cell-matrix adhesion pro-
tein that co-localizes with actin filaments at membrane
ruffles and focal contacts in fibroblasts [2]. MXRA4 is a C1q
complement component receptor (C1QR, Genbank ac-
cession number XM 012949); C1q stimulates endothelial
expression of cell adhesion molecules and promotes cell at-
tachment, among other functions [3, 4]. MXRA5 is adlican,
an adhesion proteoglycan that shows elevated expression
in cartilage from patients with osteoarthritis (Genbank ac-
cession number AF245505). The analysis described here
provides further evidence for the role of these genes in ad-
hesion and matrix remodeling.

Calculation of the p-value for association of pairs of genes
makes several assumptions that are affected by the meth-
ods of library selection and preparation. The calculation as-
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sumes that libraries are independent, but this assumption is
violated because more than one library may be obtained
from a single patient (for example, multiple organs, or
matched tumor and non-tumor tissue, or normalized and
non-normalized). Library normalization or subtraction will en-
rich the proportion of genes expressed at low levels; this
alteration makes the detection of associations between
genes expressed at different levels more difficult. Repeated
sequencing of the same tissue from different individuals
would tend to increase the risk of spurious associations, if
two genes occurred predominantly in that tissue but were
otherwise unrelated. In this situation, we perform co-ex-
pression analysis on a set of libraries restricted to that tissue
type. Libraries with abundant novel genes were in some
cases sampled to greater depth, leading to an inconsistent
measure of presence or absence. Effects of sampling, tem-
poral or tissue differences in expression, and errors in se-
quence assembly or annotation may obscure associations.
We expect that these effects are most likely to obscure a
true relationship. It is unlikely that a spurious relationship
would be introduced consistently across such a large set of
libraries by chance.

The expression patterns of the MXRA genes indicate that
they participate in cell adhesion and matrix remodeling. Bet-
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ter understanding of these genes may help us alleviate the
effects of diseases involving these processes.
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