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Abstract

Human CYP2/ encodes 21-hydroxylase
which  mediates the biosynthesis of
glucocorticoid and mineralcorticoid in the
adrenal cortex. Mutations occurring at the
CYP2! are known to be the major cause for
congenital adrenal hyperplasia (CAH), a
human inherited disorder. The CYP2/ and its
pseudogene, CYP2/P, locate on chromosome
6, array altematively with two serum
complement genes, the C44 and C4B, and
other duplicated pairs of genes (XA/XB, XB-§,
YA/YB, and ZA/ZB) within the C4/CYP2/
locus. They are all transcribed in the same
direction, except the X genes. Besides the
forth components of the serum complements
encoded by the C44/C4B genes, the
21-hydroxylase encoded by the CYP2], and
the protein homologous to an extracellular
matrix encoded by the XB, there is no known
protein translated from the rest of the
duplicated genes within this locus.
Surprisingly transcripts from these genes,
except those from C(C4A4/C4B, CYP2IP
pseudogene, and XB, are all expressed in an
adrenal-specific manner. Regulation by locus
control like regions and possible function in a
coordination manner with multiple factors for
the adrenal-specific expression of these
duplicated genes, are speculated to present
within this C4/CYP21 gene locus.

We have identified several regulatiory
sequences farupstream the CYP2/! promoter
within this locus to regulate adrenal-specific
or steroidogenic-specific expression of the
CYP2I promoter. Gel retardation and
footprinting experiments further identified
specific DNA sequences interacting with



nuclear proteins in an adrenal-specific or
steroidogenic cell-specific manner.

Keywords: adrenal-specific expression, locus
control region, human CYP211
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The CYP21 encoding the 21-hydroxylase
is located on the short arm of chromosome 6
and is duplicated with its pseudogene,
CYP21P in tandem with C4 genes (C44 and
C4B) on locus 6p21 (White et al., 1985). Gen
alteration from the active CYP2] sequences
to the CYP2/P sequence accounts for at least
95% of the congenital adrenal hyperplasia
(CAH) which is due to the enzymatic
deficiency of steroid 21-hydroxylase. Within
the human C4/CYP2] gene locus, several
duplicated pairs of genes as well as the
CYP21 genes (CYP2I and CYP2IP) are
found to express in an adrenal-specific
manner. It is therefore speculated that an
adrenal-specific locus control region within
the human C4/CYP21 locus may be present.
We have previously characterized the
cis-glements determining the basal promoter
of human CYP2! gene to be within the
-166/+1 region upstream from the CYP2]
(Chang and Chung, 1995). This region also
confirms the basal promoter activity between
the active CYP2! and the CYP2IP
pseudogene to 8-fold difference, despite the
high sequence homology of these two genes
within this region. Within the -166/+1 region
of the human CYP2! gene, we have showed
that the ™G nucleotide is crucial for the
expression of its transcription activity, and
this may be affected by the interaction with
specific nuclear proteins from the adrenal
gland (Chin and Chang, 1998). In order to
identify the possible LCR within this locus,
we have analyzed the influence of DNA
fragments upstream the CYP2IP and CYP2/
genes within the C4/CYP2] locus on the
transcription activity of the CYP2] basal
promoter.
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Mouse  adrenal carcinoma Y1,
testicular Leydig MAIO and human
hepatocarcinoma HepG2 cell lines are used
as the in vitro model. We have identified
three regions located at 7.5/6.3 kb, 4.6/3.4 kb,
and 3.3/2.6 kb upstream the CYP2/ gene fo
express adrenal  cell-specific  enhancer
activity on CYP2! basal promoter. Among
these regions, DNA fragment at the -4.6/-3.4
kb region showed 4-fold enhanced activity
for the CYP21 basal promoter in adrenal Y1
cells, however, did not change the promoter
strength expressed in testicular Leydig MA10
cells, but suppressed the promoter strength in
non-steroidogenic HepG2 cells. Furthermore,
a smali 212 bp fragment upstream the -4.6 kb
position which across the promoter of the ZB
gene expresses Inhibitory effect on the
CYP2] promoter activity. From sequence
comparison, there 1s OEF1 transcription
factor core binding sequences found within
this region, which may interact with another
basic helix-loop-helix protein to suppress
gene expressiorn.

We have also characterized a 475-bp
DNA segment located at about 10 kb
upstream the CYP2/P, spanning from intron
23 to exon 25 region of the C44 gene, which
exhibited profound adrenal-specific enhancer
activity for the basal promoter of both human
CYP21/YB and CYP21P/YA genes. This
enhancer activity was further confined to
151-bp region from 10427 to 10275 bp
upstream of the CYP2/IP. EMSA
experiments indicated that nuclear protein,
Sp3, possibly with other factors interacting
with the region between the -10346 bp to
-10275 bp might be crucial for the expression
of this enhancer activity. However, the
tissue-specificity,  orientation-dependence,
and promoter-preference of this enhancer
element appeared to be influenced by the
presence of neighboring DNA sequences.
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it is rational to speculate that the LCR-like
region is located upstream of the pseudogene,
CYP2I/P and CYP21 genes. Our study has
functionally characterized the regulatory
activity of DNA regions within this locus for



the adrenal-specific expression of genes. We
have provide some evidences that nuclear
proteins from adrenal cells or from
steroidogenic cells interacting with specific
DNA sequences may be crucial for their
regulatory  activity. This  investigation
combined with the previously characterized
tissue-specific promoter of this gene may be
constructed to a tissue-specific expression
vector to allow future gene targeting for gene
therapy. However, specific nuclear proteins
responsible for this regulatory mechanism
need to be further identified and the dynamic
chromatin structure within this locus would
be another key point to be resolved.
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