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The o and B subunit genes encoding chorionic gonadotropin (CG) are regulated transcriptionally in
placental cells by cyclic AMP (cAMP). The regulatory response sequences of the o gene have been studied
extensively. Similar studies of the CG B subunit (CGB) gene have not been possible because transcriptionally
active sequences have not been identified in the clones isolated to date. The CGf subunit genes form a complex
cluster of seven structurally similar genes that include six CGB-like genes and a single luteinizing hormone 8
subunit (LHB) gene. We isolated overlapping clones containing the entire CGB/LHP gene cluster (68 kilobases)
from a human genomic cosmid library. The organization of the gene cluster was similar to that found in
previous analyses, as determined by Southern blots of genomic DNA, but differed from some of the gene
assignments, as determined by fragments cloned in A phage. The 5'-flanking sequence of the most active CG
gene (CGP5) was linked to the chloramphenicol acetyltransferase (CAT) coding sequence for analyses of
transient expression in different cell types. CGBCAT was expressed preferentially in JEG-3 choriocarcinoma
cells, and expression was markedly stimulated by treatment with 8-bromo-cAMP. Deletion mutagenesis of the
CGpB 5'-flanking sequence revealed that multiple regions were required for maximal expression. The Kinetics
for cAMP stimulation of «CAT and CGBCAT expression were different, suggesting that different pathways

may be involved in cAMP-stimulated expression of the a and CGf genes.

Chorionic gonadotropin (CG) is a placental hormone that
stimulates steroidogenesis and maintains the corpus luteum
of pregnancy (17). CG comprises noncovalently bound « and
B subunits that are encoded by separate genes (12). The a
gene is a single-copy gene, whereas there are multiple copies
of structurally similar CG B subunit (CGB) genes or pseudo-
genes in humans (3, 12, 30, 31). Southern blot analyses
indicate that there are six CG genes and a single copy of the
luteinizing hormone (LHP) gene clustered within a 60-
kilobase (kb) region of chromosome 19 (31).

The majority of the DNA encoding the CGB/LHB gene
cluster has been isolated from A phage DNA libraries (3, 12,
30). However, there is evidence that some of the cloned
DNA fragments contain rearrangements of homologous re-
gions of different CG genes (31). In addition, approximately
7 kb of DNA in the central region of the gene cluster is not
present in the phage isolates but has been isolated recently
from a cosmid library derived from human choriocarcinoma
cells (15). This central region of the gene cluster includes the
5’-flanking region of CGB gene 5 (CGBS), the member of the
CGp gene family that is expressed in the greatest amounts in
placenta (23, 35).

The CGa and CGB subunit genes are regulated transcrip-
tionally in placental cells by cyclic AMP (cAMP) (21, 29),
leading to 15- to 30-fold stimulation of steady-state mRNA
levels after 24 to 48 h (6, 21, 29). The kinetics for transcrip-
tional stimulation of the CGa and CGp genes are different,
with rapid induction of the CGa gene followed by delayed
induction of CGB gene transcription (29). The DNA se-
quences mediating cell-specific expression and cAMP re-
sponsiveness in the CGa gene have been delineated by
examining the activity of various mutants in transient-
expression assays (9-11, 20, 33). Similar analyses have not

* Corresponding author.

5100

been feasible for the CGB gene owing to lack of transcrip-
tional activity in constructions containing all of the currently
available CGB 5’-flanking region (282 base pairs [bp]) (21).
These results suggest either that additional 5'-flanking se-
quences are required for expression or that sequences down-
stream from the site of transcriptional initiation may act as
enhancers for CGB gene expression.

It would be useful to obtain transcriptionally active CG
and LHB DNA regulatory regions to allow direct compari-
sons of a and B gene regulatory elements when linked to an
identical heterologous reporter, such as chloramphenicol
acetyltransferase (CAT). To this end, we isolated the entire
CGB/LHB gene cluster, including the central region that
includes the 5’-flanking region of CGB gene 5. We found that
a CGB-cat fusion gene containing this additional sequence
was expressed in JEG-3 choriocarcinoma cells, albeit at a
lower level than the a gene. Expression of both the o and
CGp fusion genes was markedly stimulated by cAMP, and
the time course for induction occurred with different kinet-
ics.

MATERIALS AND METHODS

Screening of human genomic DNA for the CGB/LHB gene
cluster. A cosmid library prepared from human female
placenta DNA was generously provided by J. Collins (25).
The library was propagated in Escherichia coli JM109 (rec)
and screened by the high-density colony hybridization tech-
nique (16, 27). Replicate filters were screened initially with
three different oligonucleotides (Fig. 1) that are directed
toward distinct regions of the CGBS gene. After secondary
and tertiary screening of the positive colonies, restriction
enzyme digestions and Southern blot analyses (34) of the
isolated cosmid DN As (2) indicated that 19 of the 23 isolates
contained portions of the CGB/LHP gene cluster and that at
least four distinct genomic fragments were present. Three of
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5'-Directed Hybridization Probes

CGB/LHB Gene Probe 1 Probe 2
CGBS -7 GGCTTCAATCCAGCACTTTGCTCGGGTCACGGCCTCC +30 +100 CTCGACTAGTCCCTAGCACTCGAC +123
LHB G [ T
CGA3 G
CGB7 G cCT
CGR8 G Cc A

3'-Directed Hybridization Probes
CGB/LHB Gene Probe 3 Probe 4 Probe 5
CGB5 +360 CTGAGCATGGGCGGGGCATGGGCATCC + 386 4690 CTGTCAATGTGCACICT + 716 AA cC T
LHB GC G C 4690 CTGTCGCTGTGGACCCT +716
CGB2 A Not Available Not Available
CGA3 A GC G C AA C T
CGB7 A GC G C AA C T
CGA8 GC G C AA CT

FIG. 1. CGB/LHB hybridization probes. Sequences are oriented in the 5'—3’ direction and correspond to the sense strand. The actual
probes used were complementary to the sequences illustrated to allow independent hybridization analyses of expressed mRNA. The
5'-directed probes are numbered relative to the start of transcription (22). The 3’'-directed probes are numbered relative to the start of
transcription in the processed mRNA. The entire sequences are shown for CGBS; only bases differing from that sequence are shown for the
other genes. Only genes for which sequences have been published are listed (12, 30, 31). The CGB8 sequences are tentatively assumed to

correspond to the sequences published for CGB6 (31).

these DNA fragments overlapped and appeared to encom-
pass the entire gene cluster (see Results). (The nomenclature
used for the CGB/LHB gene cluster is that originally defined
by Boorstein et al. [3]. It should be noted that CGB6 appears
to be a result of recombination during cloning [31] and that
CGB4 corresponds to the LHB gene. In addition, the CGB
genes isolated by Policastro et al. [30] correspond to this
nomenclature as follows: CGBa = CGB7; CGBe left =
CGB2; CGBe center = CGB3; CGBe right = LHB.)
Plasmid construction. Construction of an expression vec-
tor (¢CAT) containing 1.5 kb of 5'-flanking sequence and 44
bp of the 5’ untranslated region from the human glycoprotein
hormone « subunit gene linked to the chloramphenicol
acetyltransferase (CAT) coding sequence has been described
before (21). This vector was modified by subcloning a
fragment of the aCAT fusion gene (Bg/II-BamHI fragment)
into pGEM-3. The resulting fusion gene, referred to as —846
aCAT in this report, contains 846 bp of a gene 5’-flanking
sequence linked to cat. Construction of —282 CGBCAT has
been described before (21). This vector contains 282 bp of
5’-flanking sequence and 273 bp of the 5'-untranslated region
derived from the CGBS5 gene (12) that was isolated from a A
phage library. The CGB-cat fusion gene (CGBCAT) was
subcloned into the polylinker site of pGEM-3 to facilitate
subsequent modifications. A vector with additional 5'-
flanking sequence from the CGBS gene (—3.7 CGBCAT) was
prepared by isolating from Cos 2 the 3.8-kb Kpnl-Spel
fragment of the CGBS gene 5'-flanking sequence and ligating
this fragment into the —282 CGBCAT vector that had been
digested with Kpnl (polylinker site) and Spel (+104 of CGB
S’ untranslated region). Additional CGB 5’'-untranslated se-
quences that are homologous to the LHB promoter were
inserted into this plasmid by using restriction enzyme frag-
ments and synthetic DNA sequences. The resulting plasmid,
referred to as —3.7 CGBCAT, contained approximately 3.7
kb of 5'-flanking sequence and 362 bp of the 5’ untranslated
region from the CGB5 gene fused to the cat coding sequence.
To verify the validity of the construction and to ensure that
the CGB gene sequence was actually that of gene 5, the
nucleotide sequence (32) of 800 bp of the CGBS gene was

determined through the junction with the car coding se-
quence. The CGB nucleotide sequence was identical to that
reported previously (12), with the exception of a G for A
substitution at —45 bp. Additional deletion mutants were
derived from —3.7 CGBCAT by using exonuclease III or
restriction enzyme sites. The plasmid a-CGBCAT was con-
structed by inserting a region of the a gene that contains
basal and cAMP-responsive enhancer sequences (—846 to
+44) (10, 11, 33) 71 bp upstream from the —282 CGBCAT
fusion gene at an Aatll site located in pBR322. The a gene
fragment was inserted in both orientations by blunt-end
ligation.

The plasmid pA10CAT (kindly provided by B. Howard) is
a derivative of pSV2CAT in which the simian virus 40
(SV40) enhancer has been deleted, but the basal promoter
elements and 21-bp repeated sequences have been retained
(24). The following sequences were ligated into the Bg/II site
of pA10CAT immediately upstream from the 21-bp repeats:
(i) the a gene BgllI-BamHI fragment consisting of 5'-flanking
sequence between —846 and +44 in both orientations; (ii)
CGpBS5 gene 5'-flanking sequence between —282 and +273
inserted in both orientations by blunt-end ligation; (iii) a
3.3-kb fragment of the CGBS gene that includes 282 bp of
5’-flanking sequence, all three exons, and 1 kb of 3'-flanking
sequence inserted in both orientations by blunt-end ligation;
and (iv) two copies of the SV40 72-bp enhancer sequence
containing BamHI linkers.

Cell culture, DNA transfection, and CAT assays. JEG-3
(HTB 36) and BHK (CCL 10) cells were obtained from the
American Type Culture Collection. Cells were plated onto
60-mm dishes 24 h before transfection and grown in Dul-
becco modified Eagle medium containing 10% fetal calf
serum (Gibco Laboratories), penicillin (100 U/ml), and strep-
tomycin (100 pg/ml). Plasmid DNA preparations were puri-
fied twice on CsCl gradients and transfected into JEG-3 and
BHK cells by the calcium phosphate precipitation technique
(14, 39). GH4 and INR1-G9 cells were transfected by using
DEAE-dextran (26). In experiments in which 8-bromo-
cAMP was added, cells were incubated for 28 h after
transfection and then exposed to 1 mM 8-bromo-cAMP for
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FIG. 2. Map of the human CGB/LHp gene cluster. The orientation and arrangement of the CGB genes are indicated by arrows. The single
LHP gene is denoted by the large arrow. Restriction enzyme sites are abbreviated as follows: H, BamHI; K, Kpnl; V, EcoRV; R, EcoRI;
D, HindIlI; X, Xbal; S, Spel. The Kpnl site in parentheses represents a polymorphic site not present in our cosmid isolate. The regions of
the gene cluster present in the overlapping cosmid fragments are indicated at the bottom of the figure.

20 h before preparation of extracts for CAT assays. GH4
cells were provided by Henry Kronenberg (Massachusetts
General Hospital, Boston), and INR1-G9 cells were obtained
from R. Takaki (Medical College of Oita, Japan). In the
absence of cAMP treatment, cell extracts were prepared for
CAT assays 48 h after transfection.

CAT enzyme assays were performed as described previ-
ously (13). Samples were diluted to allow measurements
within the linear range of the assay (<40% conversion).
Protein content of cellular extracts was determined by the
method of Bradford (Bio-Rad Laboratories kit) (5), and CAT
activity is expressed as the percentage of chloramphenicol
converted to acetylated derivatives per microgram of protein
per hour times 100.

RESULTS

CGpS5 gene sequences cloned previously were not sufficient
for expression in JEG-3 cells. Substantial evidence indicates
that CGP gene S is an actively expressed member of the CGf
gene family (23, 35). We have shown previously that
CGBCAT fusion genes containing all of the available 5'-
flanking sequence (282 bp of 5'-flanking sequence and 273 bp
of 5’ untranslated region) of CG gene 5 are not expressed in
JEG-3 cells (21). Before we cloned additional CGB upstream
sequences, the downstream regions of CGBS were screened
for enhancer elements that would be absent in the fusion
genes by testing for activation of a heterologous SV40
promoter (24). Although the o gene 5'-flanking sequence
activated the SV40 promoter and conferred responsiveness
to cAMP, neither the CGB5 5'-flanking sequence (—282 to
+273 in either orientation) nor the CGBS gene and 3'-
flanking sequence (—282 to +3000 in either orientation)
activated the SV40 promoter in JEG-3 cells (data not
shown). These results suggest that CGB regulatory elements
that are necessary for expression reside upstream from the
available 5'-flanking sequence for CGBS and prompted us to
isolate the uncloned regions of the CGp gene cluster.

Isolation and characterization of the human CGB/LH gene
cluster. Because the repeated copies of structurally related
CGB genes may predispose to recombination during propa-
gation in E. coli, a human genomic cosmid library with
minimal amplification was propagated in a rec mutant of E.
coli (JM109). Nineteen clones containing portions of the
CGR/LHB gene cluster were isolated by hybridization to

three different oligonucleotide probes as described in Mate-
rials and Methods.

Preliminary analyses of cosmid DNA isolates with oligo-
nucleotide probes specific for the 3’ end of the CGB (probe 4)
or LHB (probe 5) gene (Fig. 1) indicated that Cos 1 and 2
contained one end of the CGB gene cluster (CGB 7, 8, 5, and
1) and that Cos 3 contained the other end of the gene cluster
(CGB 1, 2, and 3 and LHB) (Fig. 2). Similarities in structure
of independent isolates suggested that major rearrangements
were not present.

Because previous analyses differed in determining the
number of copies and arrangement of the CGB genes (3, 12,
15, 30, 31), our cosmid isolates were characterized in detail
and compared with gene assignments that were based on
Southern blot analyses of total genomic DNA (31). Each of
the cosmid isolates was digested with seven different restric-
tion enzymes in single and multiple combinations. Digested
DNA was then hybridized to oligonucleotides specific for
either the 5’-flanking region or the 3’ coding sequence of the
CGB or LHPB gene. The high degree of homology allowed
each of the CGPB genes to be detected with the hybridization
probes (Fig. 1). The cosmid isolates spanned 68 kb and
included all seven members of the CGB/LHP gene cluster.

An example of selected restriction enzyme digestions of
Cos 2 and Cos 3 is shown in Fig. 3a and provides evidence
for several salient features of the gene cluster. The combined
restriction enzyme digestions with Kpnl-Spel and Kpnl-
EcoRYV divided the structurally similar members of the CGf
gene cluster into fragments with characteristic lengths that
could be readily resolved (Fig. 3b). Cos 2 contained the
leftward end of the gene cluster, including CG genes 7, 8, 5,
and 1 and the 3’ end of CGB2. Cos 3 overlapped Cos 2 and
contained the rightward end of the cluster, including CGB
genes 1, 2, and 3 and the LHB gene. The region of overlap of
Cos 2 and Cos 3 was most apparent in the EcoRV digest, in
which a 4.9-kb fragment containing the 3’ ends of CG genes
1 and 2 was found in both the Cos 2 and 3 isolates. It was of
particular importance to clone a 7-kb region of the CGB gene
cluster between CGp genes S and 1, as these sequences were
not isolated from several different human genomic DNA
libraries cloned in A phage (12, 30). This segment of the gene
cluster was represented in its entirety by the region of
overlap between Cos 2 and 3. The single copy of the LHB
gene was identified by using a pair of oligonucleotides (Fig.
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FIG. 3. (a) Southern blot analyses of the CGB/LHP gene cluster. A, Cosmids 2 and 3 (see Fig. 2) were digested with EcoRV (RV), Kpnl
(Kpn), Spel (Spe), Kpnl and EcoRV (Kpn/RV), or Kpnl and Spel (Kpn/Spe) and subjected to electrophoresis through a 0.8% agarose gel
containing ethidium bromide. The digested DNA was transferred to a Nytran membrane, which was sequentially hybridized with specific
32p.jabeled oligonucleotide probes. A DNA digested with EcoRI and HindIIl was used as size markers (lane M). B, 3'-Directed probe (probe
4 in Fig. 1) that detects CGB but not LHB sequences. C, 3'-Directed probe (probe 3 in Fig. 1) that detects both CGB and LHP sequences;
D, 5'-directed probe (probe 1 in Fig. 1) that detects, under low stringency, all of the members of the CGB/LHB gene cluster except CGB genes
1 and 2. (b) Restriction enzyme fragments that characterize the individual CGB and LHB genes. The genes are listed according to the
left-to-right orientation in the gene cluster (Fig. 2). The Kpnl (K) sites that separate each of the genes and the Spel (S) or EcoRV (RV) sites
that divide the 5’'-flanking region from the coding sequence of each of the genes are indicated. The Kpnl site shown in parentheses at the 3’
end of CGB3 and at the 5’ end of the LHB gene is a polymorphic variant. The length (in kilobases) of each fragment is indicated and provides
a means of identifying and isolating individual gene sequences from the various members of the cluster. The locations of the three exons in
the CGB gene and the LHB gene are shown above and below the gene sequences.
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TABLE 1. Basal and cAMP-stimulated expression of «CAT
and CGBCAT in different cell lines

Relative CAT activity?

(% of RSVCAT activity)
Cell line Origin aCAT CGBCAT
Plus Plus
Basal cAMP Basal cAMP

JEG-3 Human placenta 107.1 8245 0.13 1.5
BHK Hamster fibroblast 14.2 71.0 0.11 0.15
GH4 Rat pituitary 45 1673 - —
INR1-G9 Hamster islet 1.2 3.0 0.06 0.06

“ CAT activities are the mean of triplicate transfections.
b _, Below detection limit.

1) that were directed toward a relatively nonhomologous
region of the LHB and CGp genes (Fig. 3a; 2.5-kb Kpnl-Spel
fragment).

The organization of the CGB/LHB gene cluster in the
cosmid clones differed from that determined by studying
fragments isolated from phage libraries in which an addi-
tional gene (CGB6) was proposed to be inverted in relation to
CGB gene S and therefore to lie between CGP genes 5 and 8
(12). For two separate cosmid isolates (Cos 1 and 2), it was
apparent that an additional CGB gene was not found between
CGB genes 5 and 8. These findings confirm the results of
genomic Southern blot analyses (31), as did an independent
cosmid isolate (15) that showed an arrangement of the CG
gene cluster without CGB6. A notable DNA polymorphism
was found within the gene cluster, involving a Kpnl site
between CGB3 and the LHB gene. The absence of other
alterations in restriction enzyme sites or DNA fragment
lengths in this region argues against major rearrangements.

It has previously been noted that CGB genes 1 and 2
contain unique DNA sequences that include an EcoRYV site
adjacent to the CGB coding sequence (30, 31) (Fig. 3b).
Comparison of hybridization analyses with 5'- or 3'-directed
probes indicated that the probe directed towards the 5'-
flanking region did not detect either the CGB1 or the CGB2
sequence (Fig. 3a). This finding was confirmed by using two
additional 5'-directed hybridization probes. Thus, in addi-
tion to an insertion of unique sequences in these two genes,
these results suggest the presence of either a deletion or
marked divergence of sequences in CGB 1 and 2 that
corresponds to the CGB and LHB promoters (22) in the other
members of the cluster.

CGBS gene 5'-flanking region mediates cell-specific expres-
sion and cAMP responsiveness. As described above, the CGB
genes were divided from one another by Kpnl sites (Fig. 2
and 3). Therefore, the CGBS5 gene sequence extending from
the 5’ Kpnl site to the Spel site in the 5’ untranslated region
was used to construct a plasmid (CGBCAT) that contained
3.7 kb of 5’'-flanking sequence and 362 bp of the 5’ untrans-
lated region linked to the cat coding sequence. Initial exper-
iments indicated that —3.7 CGBCAT was expressed in
JEG-3 cells and that expression was stimulated as much as
50-fold by treatment with 8-bromo-cAMP.

CGBCAT was transfected in cell lines with different phe-
notypic characteristics to examine whether it was broadly
expressed or relatively restricted to placental cell lines
(Table 1). For comparison, «CAT was also transfected into
each cell line, and responses to treatment with 8-bromo-
cAMP were determined. The activities of aCAT and
CGBCAT are expressed relative to a plasmid that contains
the Rous sarcoma virus promoter linked to CAT (RSVCAT).

Mot. CELL. BioL.

In JEG-3 cells, a choriocarcinoma cell line of placental
origin, both aCAT and CGBCAT were actively expressed.
Basal aCAT expression was 200- to 800-fold greater than
CGBCAT expression in different experiments. However,
CGBCAT exhibited somewhat greater responses to treat-
ment with cAMP. BHK fibroblasts expressed aCAT at
relatively high levels, and cAMP treatment caused a fivefold
stimulation in CAT activity. CGBCAT was also expressed in
BHK cells but again at low levels relative to RSVCAT. In
both GH4 cells, which are rat growth hormone- and prolac-
tin-producing pituitary cells, and INR1-G9 cells, a rat gluca-
gon-producing islet cell line, «CAT was readily measured,
whereas CGBCAT was either not expressed or expressed at
very low levels.

Deletion mutants of the CGB 5’'-flanking region were
constructed to delineate sequences involved in expression in
JEG-3 cells (Fig. 4). Deletion from the 5’ end between —3.7
and —612 bp caused a progressive loss of basal expression.
After deletion beyond 340 bp of 5'-flanking sequence,
expression approached background levels for the CAT as-
say. Deletions from the 3’ end of exon 1 were of interest
because this region corresponds to the promoter region of
the homologous LHB gene. However, deletion to either
+263 or +104 relative to the CGB transcriptional start site
did not affect expression of CGBCAT. Although a discrete
cAMP-responsive element was not delineated in these stud-
ies, CAMP responses were maintained in constructions that
contained sequences between —340 and +104.

The relative levels of expression and the kinetics of cCAMP
stimulation of —3.7 CGBCAT and —846 aCAT are shown in
Fig. 5. aCAT expression increased in a nearly linear manner
until 24 h of treatment, after which the rate of accumulation
of CAT activity began to plateau. The kinetics for aCAT
stimulation by 8-bromo-cAMP in these transient expression
assays were similar to the kinetics for aCAT stimulation
when aCAT has been stably integrated into JEG-3 cells (21).
After a delay of 6 to 8 h, CGBCAT expression rapidly
increased in response to treatment with 8-bromo-cAMP and
then began to plateau after 24 h of treatment.

DISCUSSION

CGB genes have not been identified in rodents (19, 37) or
cattle (38), but can be found in higher primates (37) and
humans (12, 31). It has been proposed that the CGB genes
arose by divergence and duplication from an ancestral LHB
gene (12, 36). Associated with the divergence of the CG and
LHB genes, the CGB gene has acquired placenta-specific
expression and a distinct promoter site that is located
approximately 360 bp upstream from the promoter site
utilized by the LHP gene (22). Interestingly, the a gene is not
expressed in the placenta in the absence of the CGp gene (7).
Thus, it appears that both the « and CGB genes have
acquired the ability for expression in the placenta recently in
evolution.

We found that xCAT was expressed transiently in nonpla-
cental cell lines at unexpectedly high levels relative to a
promoter with broad specificity, such as RSVCAT.
CGBCAT expression was much lower than that of xCAT and
appeared to be relatively restricted to cell lines of placental
origin. Both the o and CG genes are expressed ectopically
in certain neoplasms. However, expression of the a gene is
sometimes observed in the absence of the CGB gene, con-
sistent with the idea that CGB expression may be more
restricted than that of the a gene in nonplacental cells.

The reason for lower basal levels of CGBCAT expression
relative to aCAT expression has not been elucidated, and
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FIG. 4. Expression of CGBCAT deletion mutants in JEG-3 cells. The structures of the CGBCAT fusion genes are illustrated at the left.
DNA was transfected into JEG-3 cells in the absence or presence of 8-bromo-cAMP as described in the text. CAT activity values are the mean
of triplicate transfections and expressed relative to —82 CGBCAT activity.

this difference may account in part for the inability to detect
CGBCAT expression in nonplacental cells. Direct measure-
ments of RNA synthesis from the endogenous genes show
that the basal transcription rate of the a gene is no more than
fourfold greater than that of the CGB gene (21, 29). Similarly,
the steady-state levels of « mRNA are only two- to threefold
greater than CGB mRNA levels (6, 21, 29). We have recently
observed that our JEG-3 cells are producing a greater ratio of
CGa/CGB mRNA (L. Jameson, unpublished data), raising

200

- 150

CGB
CAT Activity

Alpha

190 CAT Activity

- S50

Time (hrs)

FIG. 5. Time course for transcriptional activation of CGBCAT
and aCAT expression by 8-bromo-cAMP. CGBCAT (10 pg) and
aCAT (10 pg) were transfected into JEG cells. After 24 h, the
medium was changed and cells were treated for various lengths of
time (0 to 36 h) with 1 mM 8-bromo-cAMP. Cell extracts from
triplicate transfections were assayed for CAT activity. A similar
time course for cAMP stimulation of aCAT and CGBCAT expres-
sion was found in an independent experiment.

the possibility that the cellular factors involved in CGB gene
expression have been altered during repeated passage of the
cells. Alternatively, it is possible that additional CGB gene
regulatory elements that have not yet been identified con-
tribute to the basal transcriptional activity of the CG gene.
For example, such sequences could occur more than 3.7 kb
upstream from the transcriptional start site of the CGBS
gene. In this instance, the regulatory elements would be
more within the domain of the adjacent CGB gene 1 (Fig. 2),
which is likely a pseudogene.

Deletion mutagenesis of the CGBS 5’-flanking sequence
indicates that several different regions are required for
maximal expression, including elements more than 2 kb
upstream from the transcriptional start site. The requirement
for multiple regulatory DNA elements is typical of many
other genes (28). In some instances, including the a gene (10,
11, 33), repeated elements are identified, whereas in other
cases distinct elements appear to act in a complementary
manner (28). Further delineation of the CGP regulatory
elements by fine mapping will be of interest to better
understand how the individual elements function to increase
expression.

Because the CGB gene has acquired a transcriptional start
site that is upstream from the promoter recognition site in
the homologous LH gene (22), it seemed possible that basal
regulatory elements from the vestigial LHB-like promoter
might now exist in the CGB 5’ untranslated sequence.
However, deletion of the CGB 5’ untranslated region that is
homologous to the LHB promoter did not affect expression
of —3.7 CGBCAT. Thus, the sequences involved in CGB
expression appear to reside far upstream from the vestigial
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LHP promoter and function independently of this region of
the gene.

A number of studies implicate cCAMP as a second messen-
ger that stimulates CG biosynthesis and secretion (6, 8, 18,
21, 29). It is clear that both the CGa and CGB gene
5’-flanking regions contain DNA sequences that mediate
transcriptional responses to cAMP (Fig. 5) (21, 29). The
cAMP-responsive element in the o gene has been well
characterized and involves a palindromic enhancer element,
TGACGTCA. In our initial studies of the CGB gene, the
cAMP-responsive element(s) has not been clearly delin-
eated. Responses to treatment with cAMP were still ob-
served after deletion to —340, at which the level of basal
expression was very low. Similarly, cAMP responses were
preserved despite deletion of the 5’ untranslated region
beyond +104. At this point, the low levels of expression in
transient assays precluded further delineation of any cAMP-
responsive regions between —340 and +104. Insertion of the
SV40 enhancer upstream from deleted CGB promoter ele-
ments did not prove to increase basal expression levels (J. L.
Jameson, unpublished data).

Studies of the kinetics for induction of « and CGB mRNAs
showed a slightly different time course for accumulation of
the steady-state mRNAs, with the increase in a mRNA
preceding that of CGB mRNA by 1 to 2 h (6, 21, 29).
Similarly, studies of RNA synthesis by nuclear runoff assays
indicated that transcription of the o gene is activated by
cAMP prior to that of the CGB gene (29). These studies
suggest that cAMP may activate « and CGB gene transcrip-
tion via fundamentally different mechanisms. In light of
these findings, it was of interest to examine the kinetics for
cAMP stimulation of a and CGp fusion genes in transient
expression assays (Fig. 5). Under these experimental condi-
tions, any effects of CAMP on mRNA stability are mitigated
by using a common reporter sequence (CAT) to assess
transcriptional activity. We found that the kinetics for cCAMP
stimulation of a-cat and CGB-cat fusion genes were dif-
ferent. There was an apparent lag of 8 h preceding CGBCAT
stimulation that was not observed for «CAT.

These findings raise the possibility that the o and CGB
genes respond to the cAMP signaling system via distinct
pathways. In this regard, it is of interest that there were no
sequences within the initial 600 bp of the CGB 5’'-flanking
sequence that were homologous to the a gene cAMP-
responsive element. Additional regions of the CGB gene also
have no cleavage sites for Aatll, an enzyme that character-
istically cleaves within the consensus 8-bp palindrome
(TGACGTCA) that includes the a gene cAMP-responsive
element (L. Jameson, unpublished observations). Physiolog-
ical evidence for distinct regulation of the a and CG@ genes
is exemplified by changes in the relative amounts of their
mRNAs during pregnancy. For example, the ratio of a to
CGB mRNA changes from approximately 2 during the first
trimester to at least 12 at the termination of pregnancy (4).
This change in the relative amounts of the mRNAs is
associated with the onset of placental steroidogenesis and a
decline in CG biosynthesis after the first trimester (1). The
cellular mechanisms involved in unbalanced expression of
the « and CGB genes are not known but may involve
differential production of distinct trans-acting factors. The
goal of future studies will be to identify the cellular factors
that interact with the regulatory sequences of both the o and
CGB genes.
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