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Abstract

Z391g is a recently-identified gene with immunoglobulin-like domains whose function is unknown. We examined expression of Z39Ig in
1432 human cDNA libraries, and found it primarily in synovium of patients with rheumatoid arthritis, in placenta, and in lung. We
analyzed its co-expression pattern using the Guilt-by-Association (GBA) algorithm, and found that it is most similar in expression to early
genes in the classical complement system (Cl1qA, ClgB, C1qC, Clr, and C1 inhibitor), MHC class II genes (HLA-DR alpha, HLA-DR beta
1, and HLA-DP alpha 1), Fc receptors (Fc gamma RlIla and Fc epsilon R1), lysosomal protein (LAPTmS), tissue transglutaminase, and
macrophage receptors (MARCO and CD163/M130). The sequence and expression data suggest that Z391g is a cell surface receptor,
expressed in activated macrophages, and linked with the classical complement system, most likely in phagocytosis preceding antigen
presentation. Knowledge of this gene may contribute to better understanding of the role of complement and activated macrophages in

rheumatoid arthritis and systemic lupus. © 2001 Published by Elsevier Science B.V.
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Z391g is a recently-identified gene of unknown function.
In a search for genes possibly involved in mental retarda-
tion, Langnaese and colleagues studied Z391Ig, which maps
to a region of the human X chromosome associated with
retardation [1]. They examined expression in 16 pooled
cDNA libraries: eight fetal (brain, heart, kidney, liver,
lung, skeletal muscle, spleen, and thymus), and eight adult
(brain, heart, kidney, liver, lung, skeletal muscle, placenta,
and pancreas), and found it expressed widely in fetal tis-
sue, but primarily in lung and placenta in adults. (Their
libraries did not include synovium.) Sequence analysis
identified a signal peptide region, a transmembrane region,
and two immunoglobulin-like domains. The expression re-
sults indicated that Z391g was not a good candidate for a
role in mental retardation, but the gene and its potential
role in disease is otherwise uncharacterized. To further
characterize Z391g, we examined its expression pattern in
a set of human cDNA libraries from diverse tissues, and
compared its expression pattern to the expression patterns
of genes with known functions.

We examined the expression of genes in 1432 human
cDNA libraries. These libraries were from diverse anatom-
ic and pathologic states, mainly from surgery, biopsy, or
post-mortem samples, or were prepared from cell lines,
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and include all the libraries that were in the Incyte LifeSeq
database at the time of the analysis. Surgical samples often
contained mixed tissue; no samples were microdissected.
Some libraries were subtracted or normalized to enrich
rare mRNA. Approximately 5000 cDNAs from each li-
brary were sequenced by gel electrophoresis, assembled,
and aligned against known genes. All genes that were de-
tected in at least five of the 1432 libraries were included in
the analysis described here, which yielded 37071 genes,
gene fragments, or splice variants. Similar gene expression
databases are available at the US National Cancer Insti-
tute (www.ncbi.nlm.nih.gov/UniGene/ddd.cgi), or will be
shortly through the European Bioinformatics Institute
(www.ebi.ac.uk) or the Gene Expression Omnibus at the
US National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov/geo/).

To identify genes with a similar expression pattern to
7Z391g, we performed co-expression analysis using the
Guilt-by-Association (GBA) algorithm. We previously
used GBA to identify genes that are co-expressed with
prostate cancer genes [2], cell cycle genes [3], cardiovascu-
lar genes [4], and neurotransmitter genes [5]. Briefly, in a
GBA analysis, we consider a gene to be present (ex-
pressed) in a library if cDNA corresponding to that gene
is detected in the sample taken from that library. We con-
sider a gene to be absent (not expressed) in a library when
no cDNA for that gene is detected in the library. For a
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given pair of genes, the co-expression data can be summa-
rized in a two-by-two contingency table, where the con-
tingency table entries indicate one of four categories: both
genes detected, neither detected, and one or the other gene
detected. From the contingency table, we determine the
probability that the co-expression occurs by chance using
a chi-square test or a Fisher Exact Test [6].

Z39Ig mRNA is detected in 148 of the 1432 cDNA
libraries. It is most abundant in synovium (eight of 10
samples, including six of seven from rheumatoid arthritis
patients). It is next most abundant in placenta (detected in
seven of 16 libraries, all post week 12), followed by lung
(in 26 of 87 libraries). It is detected at lower levels in
endocrine and exocrine tissues, detected occasionally in
cardiovascular, digestive, and nervous tissues, and rare
in other tissues.

Table 1 shows genes with expression patterns similar to
that of Z39Ig by GBA analysis. For all the co-expressed
genes in Table 1, the probability that the co-expression
with Z39Ig is due to chance is less than 1.0Xe™!3 by the
Fisher Exact Test. What do the genes with which Z391g is
co-expressed indicate about the cell types in which it is
likely expressed?

The scavenger receptors MARCO [7-9] and CD163/
M130 are expressed specifically in monocytes and macro-
phages, are upregulated in activated macrophages, and
participate in phagocytosis of pathogens and waste prod-
ucts [10-14]. The MHC class II genes (HLA-DR alpha,
HLA-DR beta 1, and HLA-DP alpha 1) are expressed
specifically by antigen presenting cells, including macro-
phages, dendrites, and B cells; they are expressed at low
levels in resting macrophages, and upregulated by activa-
tion. Susceptibility to develop rheumatoid arthritis is as-
sociated with specific HLA-DR beta 1 alleles [15-22]. Like
the MHC class II genes, the early genes of the classical
complement system (ClgA, ClgB, ClqC, Clr, and Cl1
inhibitor) are expressed at low levels in resting macro-

phages and upregulated by activation [23-26]. Comple-
ment protein synthesis by synovial macrophages and com-
plement activation are characteristic of rheumatoid
arthritis [27-31]. Other cell types also express early genes
of the classical system. The Fc receptor subunits Fc gam-
ma RIla and Fc epsilon R1 are expressed in macrophages
and other leukocytes including antigen presenting cells; Fc
gamma receptors phagocytose antigen—antibody com-
plexes, inducing antigen presentation by MHC II proteins,
and also participate in signal transduction [32-38]. Altered
Fc epsilon R1 gamma expression has been linked to SLE
[39]. Lysosomal protein (LAPTmS) is a multitransmem-
brane protein that is expressed preferentially in hemato-
poietic cell lines, is localized to lysosomes, and binds to
ubiquitin [40]. Adra and colleagues found high expression
of LAPTmS5 in peripheral blood leukocytes, thymus,
spleen, and liver in adult human tissues, while in fetal
tissue it was broadly expressed. Tissue transglutaminase
(TGM2) is an enzyme that catalyzes protein cross-linking
and is expressed in endothelial cells and macrophages [41-
43]. Among its many functions, it participates in antigen
processing and may specifically participate in receptor-de-
pendent endocytosis and subsequent antigen presentation
[44,45]. Activity is elevated in aging degenerative cartillage
[46], and it has been linked to autoimmune disorders, par-
ticularly celiac disease [47-49]. HAIRB, recently isolated
from dendritic cells, is similar in sequence to Fc epsilon RI
beta-related proteins of the MS4A family [50]. Human
epididymous secreted protein (HE2) appears to be a de-
scendant of defensin; it is similar in sequence, located in
the same chromosomal region, and splice variants act as
defensins, which are antimicrobial and chemokines for
adaptive immune cells [51,52]. Co-expression of Z39Ig
with these genes indicates that it is expressed in activated
macrophages and is likely involved in phagocytosis pre-
ceding antigen presentation.

Is expression of Z391g in activated macrophages consis-

Table 1

Genes co-expressed with Z39Ig (P-values from Fisher Exact Test)

P-value GenBank Gene short name Gene description

1.84xe 3 1255239 LAPTmS5 lysosomal-associated membrane protein
1.34xe™ 2 250229 Clq C Clq C complement chain

1.70 xe™2 229537 Clq B Clq B complement chain

1.74 Xe 2 212005800 HAIRB HAIRB

2.85xe2! 24894853 Clq A Clq A complement chain
3.24xe20 2188231 HLA-DR alpha HLA-DR alpha

7.75xe”1? 231328 Fc gamma RII Fc receptor gamma 11

4,01 xe™ 18 236405 HLA-DP alpha 1 HLA-DP alpha 1

8.81xe 18 2339520 TGase Tissue transglutaminase

1.20xe" 17 2188240 HLA-DR beta 1 HLA-DR beta 1

1.43xe™ 17 2179620 C1 inhibitor C1 complement inhibitor
2.33xe7 V7 2182487 Fc epsilon R1 gamma Fc epsilon receptor gamma 1
2.56xe" V7 229538 Clr Clr complement

3.06xe"7 2312143 CD163 CD163/M130 macrophage receptor
523xe7 "7 2818880 HEI epididymal secretory protein
2.95xe710 23002790 MARCO macrophage receptor MARCO
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tent with the types of tissues in which it is most commonly
detected? The tissues in which Z39Ig is most abundant —
synovium from rheumatoid arthritis patients, placenta,
and lung — are tissues in which activated macrophages
are particularly abundant, and in which the complement
system genes Clq A, Clq B, Clq C, Clr, and the ClI
inhibitor are highly expressed. The chronic joint inflam-
mation associated with RA is mediated primarily by mac-
rophages responding to reactive T cells. The occurrence of
Z391g in placental and fetal libraries is consistent with the
known expression of the complement genes early in ges-
tation.

Expression analysis using a database of cDNA libraries
provides hypotheses about the likely tissue specificity and
function of Z391g, but these hypotheses need confirmation
in direct experiments with activated macrophages. 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 GBA analysis makes several assumptions that are
violated to greater or lesser degrees by aspects of the li-
brary selection and preparation. For example, libraries are
not completely independent, because more than one li-
brary may be obtained from a single patient (for example,
multiple organs, or matched tumor and non-tumor tissue,
or normalized and non-normalized). Normalizing or sub-
tracting makes the detection of associations between genes
expressed at different levels more difficult. Genes expressed
at low levels may not be detected because of random sam-
pling. The cDNA libraries used in this analysis were pre-
pared at different times and with different methods, and
may not be consistent. The effect of different cDNA li-
brary samples, different normalization, different prepara-
tion methods, or preparation at different times is most
likely to be 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, the GBA analysis will yield false nega-
tives, but it is unlikely to yield false positive results with a
database of this size.

The sequence and expression pattern suggest that Z391g
is a cell surface receptor, expressed in activated macro-
phages, linked with the classical complement system, and
likely involved in phagocytosis leading to antigen pre-
sentation. Better understanding of this gene may help us
mediate the adverse effects of complement and activated
macrophages in rheumatoid arthritis and systemic lupus.

Colleagues at Incyte Genomics provided the LifeSeq
database and contributed to the development of the
GBA analysis method. LifeSeq is a trademark of Incyte
Genomics, Inc.
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