
positive signals were derived from DNA, comparisons of RT-
PCR results with those obtained by in situ hybridization argue
against this possibility (see below).

Several striking features of endoGPCR expression emerged in
these studies (Figs. 2 and 3). These features are illustrated by the
RT-PCR results shown in Fig. 2 for nine different endoGPCRs
and a control gene, SF1 (23–25). First, most endoGPCRs were
expressed in multiple tissues. Second, specific patterns of ex-
pression were clearly delineated. For example, GPR26 and
TACR3 were exclusively expressed in the brain, whereas GPR91
and PGR16 were expressed solely in peripheral tissues. Four
other genes, GPR73, EDG6, PGR15, and PGR21, were ex-
pressed in both brain and peripheral tissues. Also shown is
GPRC5D, the only endoGPCR found to be expressed in just a
single tissue, skin. Note that each endoGPCR has a different
expression pattern.

A scattergram of RT-PCR results obtained for 100 different
endoGPCRs in 26 mouse tissues is shown in Fig. 3. The most
remarkable finding was that 93% of endoGPCRs were detected
in the brain, generally in four to five distinct anatomical areas.
The largest number of genes was detected in the hypothalamus
(82 genes), a brain region of high cellular complexity. Individual
peripheral tissues also showed expression of multiple different
endoGPCRs, ranging from 18 genes in muscle to 72 genes in
ovary. One concern was that blood present in some tissues might
be the source of some GPCR cDNAs. This may be the case for
lung, ovary, and thyroid, where most of the endoGPCRs de-
tected in peripheral blood leukocytes (PBLs), were also seen.
However, most tissues did not show expression of the same
endoGPCRs as PBLs, arguing against this possibility.

Although individual endoGPCR genes were generally ex-
pressed in numerous tissues, most genes had unique expression
profiles. Nonetheless, three groups of endoGPCRs with broadly
related profiles were observed. In the first group were genes
expressed primarily in peripheral tissues. Seven of these genes
were expressed exclusively in peripheral tissues and not in the
brain. The second group contained genes expressed primarily in
brain. Of these 41 genes, 14 were solely expressed in brain and
not in peripheral tissues. In the third group, the genes were
broadly expressed in the brain and throughout the periphery.

Complex Patterns of endoGPCRs in the Brain. The expression of 93%
of endoGPCRs in the brain was unexpected. To further inves-
tigate endoGPCR expression in the brain, we used in situ
hybridization (26). Individual endoGPCR cRNA probes were
hybridized to tissue sections spanning the entire brain, except the
olfactory bulb. Of the 44 endoGPCRs analyzed, mRNAs encod-

ing 37 (84%) were detected in the brain. The concordance of the
two methods, RT-PCR and in situ hybridization, was high. Of the
endoGPCR genes expressed in the brain, 32 were also tested by
RT-PCR. Comparisons of results obtained for these 32 genes in
9 brain regions (288 comparisons) showed that the RT-PCR
results accurately predicted the in situ hybridization results in
94% of cases (270�288). Similarly, results obtained by in situ
hybridization were echoed by RT-PCR in 87% of comparisons
(251�288).

Fig. 4 presents expression patterns seen for endoGPCRs in the
brain that are illustrative, but not totally inclusive, of those
observed. One pattern is exemplified by PGR15, which was
highly expressed in numerous subregions of the hypothalamus,
with much less labeling in the adjacent thalamus or striatum (Fig.
4h). Other endoGPCRs, such as PGR7, were highly expressed in

Fig. 2. Expression profiles of nine endoGPCRs by RT-PCR.

Fig. 3. Summary of tissue expression of 100 endoGPCR genes. Genes were
analyzed individually by RT-PCR as shown and the intensity of the observed
bands determined by scanning. Each gene is represented by a single row of
colored boxes, with four different expression levels: no expression, blue; low
expression, purple; moderate expression, dark red; strong expression, pure
red. Gene and tissues, as well as groups of expression patterns, are indicated.
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