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Gene Expression Versus Sequence for Predicting Function:
Maturation Factor Gamma Is Not A Glia Maturation Factor
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It is standard practice, whenever a researcher finds a new gene, to search databases
for genes that have a similar sequence. It is not standard practice, whenever a
researcher finds a new gene, to search for genes that have similar expression (co-
expression). Failure to perform co-expression searches has lead to incorrect con-
clusions about the likely function of new genes, and has lead to wasted laboratory
attempts to confirm functions incorrectly predicted. We present here the example
of Glia Maturation Factor gamma (GMF-gamma). Despite its name, it has not
been shown to participate in glia maturation. It is a gene of unknown function
that is similar in sequence to GMF-beta. The sequence homology and chromoso-
mal location led to an unsuccessful search for GMF-gamma mutations in glioma.
We examined GMF-gamma expression in 1432 human cDNA libraries. Highest
expression occurs in phagocytic, antigen-presenting and other hematopoietic cells.
We found GMF-gamma mRNA in almost every tissue examined, with expression
in nervous tissue no higher than in any other tissue. Our evidence indicates that
GMF-gamma participates in phagocytosis in antigen presenting cells. Searches for
genes with similar sequences should be supplemented with searches for genes with

Glia

similar expression to avoid incorrect predictions.
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Introduction

When a researcher finds a new gene they search Gen-
bank or other databases for genes that have a simi-
lar sequence. It is not standard practice, when a re-
searcher finds a new gene, to search for genes that
have similar expression (co-expression). Failure to
perform co-expression searches has led to incorrect
conclusions about the likely functions of new genes,
and has led to wasted laboratory attempts to confirm
functions incorrectly predicted by sequence similarity.

We describe here the case of Glia Maturation Fac-
tor gamma. Despite its name, Glia Maturation Factor
gamma (GMF-gamma) has not been shown to partici-
pate in glia maturation. It is a recently-identified gene
of unknown function. It was first described by Asai
(1), who named it based on its homology to GMF-
beta (82% amino acid identity, 70% DNA identity),
a neural growth and maturation factor. Asai and
colleagues examined GMF-gamma expression in eight
human tissues and found it predominantly in lung,
heart and placenta, with trace expression in brain,
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liver, skeletal muscle, kidney, and pancreas. (Their
libraries did not include hemic or immune system
tissues.) Peters and colleagues (2) determined that
GMF-gamma is located on human chromosome 19 at
band q13.2, a region that is frequently deleted in ma-
lignant glioma. The possible role of GMF-gamma in
glial differentiation (based on its homology to GMF-
beta) and its chromosomal location in a region linked
to malignant glioma led Peters to study its potential
role in this disease. They examined 41 gliomas, but
found no mutations in GMF-gamma, indicating that
it is not the 19q13.2 glioma gene. Thus, the function
of GMF-gamma is currently unknown.

Results and Discussion

We detected GMF-gamma mRNA in 292 of 1432
cDNA libraries (Table 1), in every tissue category ex-
cept stomatognathic. It is most abundant in hemic
and immune tissues (87 of 179 libraries). These 179
hemic and immune libraries were derived from pe-
ripheral blood, umbilical cord blood, lymph nodes,
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thymus, spleen, bone marrow, tonsil, and Jurkat
cells. We detected GMF-gamma in monocytes,
macrophages, dendrites, B-cells, T-cells, blast cells,
eosinophils, and mast cells in the blood samples. We

also detected it in lymph node, spleen, thymus, and

tonsil tissue. It was not detected in bone marrow
samples. The high expression in hemic and immune
tissues, absence in bone marrow, and ubiquitous but
low-level expression in other tissue samples are con-

sistent with expression in mature blood cells.

Table 1 Distribution of GMF-gamma EST’s by Tissue Type

Tissue Category Number Number of Percent Number of Number of
of GMF ESTs in GMF gamma Libraries libraries in which
gamma libraries from ESTs GMF gamma is
ESTs this tissue detected
Cardiovascular System 17 272986 0.006 74 11
Connective Tissue 8 151678 0.005 54 6
Digestive System 35 521762 0.007 155 28
Embryonic Structures 8 108468 0.007 24
Endocrine System 14 233683 0.006 63 7
Exocrine Glands 29 258383 0.011 67 18
Genitalia, Female 21 456353 0.005 117 14
Genitalia, Male 21 463016 0.005 120 14
Germ Cells 7 48181 0.015 5 2
Hemic and Immune 721 725942 0.099 179 87
Liver 5 115620 0.004 37 5
Musculoskeletal 22 162801 0.014 50 13
Nervous System 55 995533 0.006 231 31
Pancreas 6 111771 0.005 25 4
Respiratory System 41 412898 0.010 96 28
Sense Organs 25345 0.004 10 1
Skin 4 72732 0.006 18 2
Stomatognathic 0 14712 0.000 17 0
Unclassified/Mixed 14 159180 0.009 22 8
Urinary Tract 30 295517 0.010 68 8
Totals 1059 5606561 0.019 1432 292

Table 2 shows genes with expression patterns sim-
ilar to that of GMF-gamma by co-expression analy-
sis (see Methods). For all the co-expressed genes in
Table 2, the probability that the co-expression with
GMF-gamma is due to chance is less than 1.0x1071!5
by the Fisher Exact test. What do the genes with
which GMF-gamma is co-expressed indicate about its
Cathepsin S (CTSS) is a cysteine
protease expressed in antigen presenting cells whose

likely function?
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function is to cleave the MHC class II invariant chain
that is required for antigen presentation (3 — 6). It
is found at the highest levels in spleen, heart and
lung, in the lung being detected only in macrophages
(6).

superfamily (TM4SF) of proteins that act as linker

CD53 is a member of the transmembrane-4

molecules, recruiting protein kinase C (PKC) into a
signaling complex with beta integrins (7). It is ex-

pressed predominantly in lymphoid-myeloid lineage
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cells (8), participates in LFA-1 dependent pathway
of lymphocyte activation and cell adhesion (9), and
associates with MHC class II molecules at the plasma
membrane of lymph cells (10). HLA-DR alpha is an
MHC class IT protein expressed specifically by anti-
gen presenting cells; it regulates antigen presentation.
The Fc-epsilon-receptor gamma is a subunit of several
Fc receptors, and is expressed in antigen presenting
cells and other leukocytes. Fc receptors phagocytose
antigen-antibody complexes, induce antigen presen-
tation by MHC II proteins, and participate in signal
transduction (11 — 17).
tant in phacocytosis by Fc receptors (18). Lysoso-

PKC isoforms are impor-

mal protein (LAPTmS5) is expressed preferentially in
hematopoietic cell lines, is localized to lysosomes, and
binds to ubiquitin (19). Adra and colleagues found
high expression of LAPTmS5 in peripheral blood leuko-
cytes, lung, thymus, and spleen in human adult tis-
sues. Leukocyte factor associated protein 1 (LFA-1)
integrin beta subunit (alternate name CD18/CD11)
is a leukocyte cell surface adhesion molecule that me-
diates signal transduction and co-operates with Fc
receptors (20 — 23). L-plastin (LPL) is a calcium-
regulated actin-binding protein expressed in leuko-
cytes, fibroblasts and in diverse set of solid tumors
(24 — 26). LPL is phosphorylated in phagocytes in
response to inflammatory stimuli, which also increase
actin polymerization (24, 27). Pleckstrin is a protein
kinase C substrate expressed in macrophages and lo-
calizes to the phagosomal membranes upon ingestion
of opsonized antigen (18, 28). It is found in lympho-
cytes, monocytes, granulocytes, and platelets but is
not detected in non-hematopoietic cells (29). It is in-
duced upon differentiation of hematopoietic cells and
is thought to participate in signaling (30). p40hox
is expressed specifically in phagocytic cells, is a PKC
substrate, and participates in the oxidation of phago-
cytosed particles (81 — 34). Upstream stimulation
factor 1 (USF1) is a transcription factor that reg-
ulates differentiation of hematopoietic cells and ac-
tivates MHC genes, among others (35 — 37). Co-
expression of GMF-gamma with these genes indicates
that it is expressed particularly in phagocytic / anti-
gen processing cells. GMF-gamma is co-expressed at
lower levels with many other MHC, proteasome, and
blood-cell specific genes.

Is expression of GMF-gamma in these cell types
consistent with the types of tissues in which it is most
abundant? Asai found GMF-gamma at the highest
levels in human lung, heart and placenta. In the Life-
Seq collection of 1432 cDNA libraries, we find it pre-
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dominantly in hemic and immune tissues, and most
specifically in hematopoietic cells, but detect it in ev-
ery tissue but bone marrow. Macrophages are partic-
ularly abundant in lung and placenta. Coronary vas-
cular epithelial cells perform phagocytosis and anti-
gen presentation, and genes with which GMF-gamma
is co-expressed, such as cathepsin S, are expressed at
high levels in heart tissue. Thus, the tissues in which
other researchers and we detect GMF-gamma are con-
sistent with expression in phagocytic and antigen pro-
cessing cells. We would expect that GMF-gamma is
absent from bone marrow because immature blood
cells do not perform phagocytosis or antigen process-
ing, and therefore do not express these genes. We
would expect that GMF-gamma is present at low
levels in virtually every other tissue because mature
blood cells are present in virtually every tissue.

Table 2 Genes Co-expressed with GMF-
gamma ( p-values from Fisher Exact Test)

Gene -log of p-value
LAPTm5 30
HLA-DR alpha 29
Fc-epsilon R1 gamma 26
CD53 25
LFA-1/integrin beta 25
LCP1 / L-plastin / p65 24
pleckstrin p47 23
p40phox 23
USF1 23
CTSS cathepsin S 23

Tsuiki and colleagues cloned a rat gene with 91%
amino acid identity to human GMF-gamma, which
they named rGMF-gamma (38).
rGMF-gamma expression in eight rat tissue samples.

They examined

Northern blots indicated the strongest expression in
thymus, testis, and lung. Western blots indicated the
strongest expression in spleen and thymus. Expres-
sion was low or absent in brain, skin, small intestine,
and stomach. In rat testis, they found rGMF-gamma
mRNA in spermatids, while in brain it was localized
around pyramidal cells within CA3 of the hippocam-
pus. Four phosphorylation sites that are targets of
PKC, PKA, and other kinases in vitro are conserved

in rtGMF-beta and rGMF-gamma, and Tsuiki con-
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curred with the view that these genes may be involved
in cell differentiation and growth via signal transduc-
tion. Nishiwaki and colleagues investigated the roles
of rGMF-beta and rGMF-gamma in development and
growth of the rat retina (39). They reported that
rGMF-gamma is synthesized and localized mainly in
Muller glial cells in the rat retina during fetal develop-
ment. Earlier research has shown that retinal Muller
glial cells are phagocytic, can express MHC class 11
determinants and function as antigen presenting cells
(40, 41).

Expression analysis provides hypotheses about the
likely cell-specificity and function of GMF-gamma,
but these hypotheses need confirmation in direct ex-
periments. The primary utility of an expression
database analysis is to suggest experiments that are
most likely to be fruitful, thereby saving research time
and expense. The co-expression analysis makes sev-
eral assumptions that are violated to greater or lesser
degrees by aspects of the library selection and prepa-
ration. For example, libraries are not completely in-
dependent, because more than one library may be ob-
tained from a single patient. Normalizing or subtract-
ing makes the detection of associations between genes
expressed at different levels more difficult. The cDNA
libraries used in this analysis were prepared at differ-
ent times and with different methods, and may not
be consistent. The effects of different cDNA library
samples, different normalization, different preparation
methods, or preparation at different times are most
likely to obscure true relationships. Such differences
will make the calculated probability of association less
accurate. However, it is unlikely that a pattern that
is consistent across 1432 libraries, has good p-values,
and is consistent with known biological relationships
would be introduced by the cumulative random effects
of such differences. Thus, co-expression analysis will
yield false negatives, but it is unlikely to yield false
positive results with a database of this size.

We have observed that human GMF-gamma is
expressed predominantly in phagocytic cells, is ab-
sent from immature blood cells, and is co-expressed
with phagocytosis and antigen processing genes. The
evidence indicates that GMF-gamma is involved in
phagocytosis and antigen presentation. Despite its
name, Glia Maturation Factor gamma is unlikely to
be a glia maturation factor. These results indicate
that searches for genes with similar sequences should
be supplemented with searches for genes with similar
expression, to avoid incorrect predictions of putative
gene function.
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Methods

We examined the expression of GMF-gamma in 1432
human cDNA libraries from diverse anatomic and
pathologic states. Some libraries were subtracted
or normalized to enrich rare mRNA. Approximately
5000 cDNA’s from each library were sequenced by gel
electrophoresis, assembled, and aligned against known
genes. All genes that were detected in at least five of
the 1432 libraries were included in the analysis de-
scribed here, which yielded 37,071 genes, gene frag-
ments, or splice variants.

To identify genes with a similar expression pattern
to GMF-gamma, we performed co-expression analy-
sis using the Guilt-by-Association (GBA) algorithm
(42). Briefly, in a GBA analysis, we consider a gene
to be present (expressed) in a library if cDNA corre-
sponding to that gene is detected in the library. We
consider a gene to be absent (not expressed) in a li-
brary when no cDNA for that gene is detected. For
a given pair of genes, the co-expression data can be
summarized in a two-by-two contingency table, where
the contingency table entries indicate one of four cat-
egories: both genes detected, neither detected, and
one or the other gene detected. From the contin-
gency table, we determine the probability that the
co-expression occurs by chance using a chi-square test
or a Fisher Exact test (43).
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