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ABSTRACT
Human chorionic gonadotropin (hCG) is a placental hormone

essential for the maintenance of pregnancy. While the alpha
subunit of this hormone is encoded by a single gene, the beta
subunit is encoded by a complex family of seven very similar
genes or pseudogenes. Two approaches have been taken to
establish which of these genes are functional. First, we have
used two restriction enzyme site polymorphisms to correlate 15
independently isolated beta hCG cDNA clones with their
corresponding genes. Second, we have used transient expression
in COS cells to assay for correctly-initiated transcription from
six of the seven beta hCG gene promoters. From these data, we
conclude that, at most, only three of the seven beta hCG genes
are expressed in the placenta. Comparison of the sequences of a
functional and a non-functional beta hCG gene reveals no obvious
differences, such as promoter changes, that could account for
this differential expression.

INTRODUCTION

Human chorionic gonadotropin (hCG) is a placental

glycoprotein hormone essential for the maintenance of pregnancy.

The protein is a dimer consisting of two dissimilar,

non-covalently associated subunits called alpha and beta (see

ref. 1 for a review). The alpha subunit is common to hCG and to

the three pituitary glycoprotein hormones, luteinizing hormone

(hLH), follicle stimulating hormone, and thyroid stimulating

hormone, while the beta subunit of each of the four glycoprotein

hormones is unique and confers biological specificity.

In the human(2,3) and in the cow(4), it has been shown that

the common alpha subunit is encoded by a single gene, indicating

that the expression of the beta subunit genes controls the tissue

specificity of these hormones. We have also shown that the hLH

beta subunit is encoded by a single gene(5) while, in contrast,
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the hCG beta subunit is encoded by a complex family of seven very

similar genes or pseudogenes(5,6). These beta subunit genes were

isolated in three distinct groups of cloned sequences, summarized

in Fig. 1. Although the restriction enzyme maps of these three

groups of genes do not overlap, there is evidence that the beta

hLH and beta hCG genes are all physically linked at one locus on

the chromosome(5,6). These genes have been individually cloned

and characterized by restriction enzyme mapping(5) and by DNA

sequencing(7).

It is intriguing that the hCG beta subunit is encoded by a

multigene family. The human placenta produces an excess of free

alpha subunit protein, and more alpha than beta subunit

mRNA(8,9), yet there are seven beta subunit genes and only a

single alpha subunit gene. Moreover, the beta hCG genes are very

young; homologous proteins with similar functions have been found

in baboons(lO) and horses(ll), but not in rats(12,13). In

contrast, most other multigene families, such as the globin and

chorion genes, are ancient. Both because of the medical

significance of hCG, and because of possible implications for the

evolution of pseudogenes, we would like to understand which of

the seven beta hCG genes are expressed.

Our detailed restriction enzyme analysis of the seven beta

hCG genes had shown that, although distinct, they were

exceedingly similar(5). Despite their near identity, we had a

preliminary indication that not all of them are expressed in the

placenta. The complete nucleotide sequence of beta hCG genes 5

and 6 (ref. 7) showed that although they are highly homologous,

they differ at codon 117. In beta hCG gene 5, an aspartic acid

is encoded at this position while, in beta hCG gene 6, it is an

alanine. Amino acid 117 has been identified as an aspartic acid

both in the published amino acid sequence from two

groups(14,15,16) and in our beta hCG cDNA sequence(17).

Expression of beta hCG gene 6 would thus give rise to a variant

beta hCG amino acid sequence as yet undetected.

Two independent approaches have been taken to investigate

which of the seven beta hCG genes are expressed. First, we have

used two restriction enzyme Bite polymorphisms to correlate 15

independently isolated beta hCG cDKA clones with their
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corresponding genes. Second, we have used transient expression

in COS cells(18,19) to assay for correctly-inititiated

transcription from six of the seven beta hCG gene promoters. The

data from these methods are in agreement and reveal that, at

most, only three of the seven beta hCG genes are expressed in the

placenta.

MATERIALS AND METHODS

Bacteria. DNA. and RNA

Escherichia coli K-12 strain DHK20) was used for

transformations. Plasmid pHX3C was the gift of D. Hanahan.

Plasmid DNA was isolated by the boiling method(21). Human first

trimester placental polyadenylated RNA was the gift of M. Evinger

and J. L. Roberts.

Isolation of beta hCG cDNA clonea

An oligo-dT primed cDNA library was generated in pBR322(22)

using human first trimester placental RNA and the sequential

linker cloning method(23). The beta hCG cDNA(17) was labeled

with [alpha-^P]-dCTP by random priming(24) and used as a

hybridization probe(25) to isolate additional cDNA clones.

Restriction enzyme analysis of polymorphisms

The construction of the beta hCG genomic subclones used in

the restriction enzyme analysis was described previously(5).

Plasmids bearing beta hCG genomic and cDNA inserts were digested

with PvuII and 3'-end labeled by incubation with DNA polymerase I

(Klenow fragment) and 0.5 uCi of each of the four [alpha-32P]-

deoxyribonucleoside triphosphates at room temperature for 15 min.

The labeled DNA was extracted with phenol:chloroform (1:1) and

chloroform, and precipitated with ethanol. The DNA samples were

then digested with either Aval or HinfI. fractionated on a 5%

polyacrylamide gel, and autoradiographed.

Construction of beta hCG gene piaamlda for transient expression

Bacteriophage lambda recombinants bearing human genomic

fragments containing beta hCG genes have been described

previously(5). DNA from recombinant phage lambda 4A-8 (encoding

all of beta hCG gene 2 and part of beta hCG genes 1 and 3),

recombinant phage lambda 4A-16 (encoding all of beta hCG gene 3

and part of beta hCG gene 2, as well as part of beta hLH),
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recombinant phage lambda 4A-15 (encoding all of beta hCG genes 5

and 6), and recombinant phage lambda 28-11 (encoding all of beta

hCG genes 7 and 8) was digested with EBD.1. The KpnI-generated

DNA fragments from each recombinant phage were shotgun-cloned

into KpnI-diaested pXH3C and transformed into £̂ . coli strain DHL

Transformants were screened for the insertion of beta hCG gene

sequences by the colony hybridization method(25) using a

P-labeled beta hCG cDNA probe as described above. Plasmids

from positive colonies were digested with KpnI and the size of

the KpnI insert was compared on 1.0% agarose gels to a KpnI

digest of the appropriate recombinant phage. The orientation of

each gene within the plasmid was mapped by HindiII digestion,

which cuts once within each of the beta hCG genes and twice in

the plasmid pXH3C.

DNA sequencing

M13 vectors mp8 and mp9(26) and the dideoxy sequencing

method(27) were used.

TranBfectlon into COS cells

COS-A2 cells, derived from COS-K18), were a gift of Yakov

Gluzman. The cells were cultured as described(18). For

transfection experiments, the cells were split 1:5, seeded on 60

mm dishes, and grown overnight to 70% confluence. The same

amount of recombinant plasmid, from 200 ng to 2 ug, was used in

each transfection experiment, along with expression control

plasmid (pXH3C without a beta hCG gene insert) and, in two

experiments, transfection control DNAs pSVLHA8(28) or

SVEHA20-A~(29). DNA was applied to the cells using 1 mg/ml

DEAE-dextran(30) for 25 minutes at 37°. The cells were washed,

treated with 100 uH chloroquine(31) in 5 ml of medium with serum

for 4 hours, washed, fed with 5 ml of medium with serum, and

harvested 60 hours after transfection. For transfection

controls, cell-surface haemabsorption and haemagglutinin

radioimmunoassays were performed as described(28).

RNA isolation

Transfected cells were waBhed and lysed by the method of

Chirgvin et al.(32). The cell lysate was extracted two times

with an equal volume of phenol:chloroform (1:1), once with

chloroform, and stored at -20°C as an ethanol precipitate.
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SI nuclease analysis

RNA isolated from transfected cells was analyzed for

correctly-initiated beta hCG gene transcription by the SI

nuclease method of Berk and Sharp(33) as modified by Weaver and

Weissmann(34). DNA from subclones containing the 51 end of beta

hCG gene 5 and, in one experiment, beta hCG gene 6, were digested

with Mflfl and 5'-end labelled with [gamma-32P]-ATP by

polynucleotide kinase. The 290 base pair fragment spanning

235-535 nucleotides upstream from the beta hCG gene initiation

codon(7) was isolated by polyacrylamide gel electrophoresis and

used as the SI probe. Sl-nuclease resistant fragments were

electrophoresed on 40 cm 8% acrylamide, 7 M urea gels that were

dried and autoradiographed on screen at -70°C.

RESULTS

Beta hCG 3 is expressed in the placenta

The organization of the seven beta hCG genes (1-3 and 5-8)

and of the single beta LH gene is shown in Fig. 1 (refs. 5,6) .

We had previously subcloned these genes from the bacteriophage

lambda recombinants in which they were isolated and compared them

in detail by restriction enzyme analysis(5). We found that these

genes were very similar, but not identical, with most of the

differences located in the 51 untranslated regions and introns.

However, we found one difference in the coding region of beta hCG

3 that distinguishes it from the other six beta hCG genes.

Beta hCG 3 has an AY_al site close to the 31 end of the

coding region not present in the other six genes(5). We

determined by DNA sequencing that this site is generated by a

silent third position difference in the codon for amino acid 126

[CCG in beta hCG 5 and 6 (ref. 7); CCC in beta hCG 3 (data not

shown)]. The strategy used to assay for the Aval polymorphism is

outlined in Fig. 2A. As shown in Fig. 2A, a 115 b.p. PvuII-Aval

fragment reveals the presence of an Aval site at codon 126,

whereas a 142 b.p. PvuII-Aval fragment reveals the absence of an

AYfll site at codon 126. Fig. 2B demonstrates, as we had shown

earlier(5), that only beta hCG gene 3 has the Aval site at codon

126. The beta hCG gene inserts subcloned from the recombinant

phage contain different lengths of beta hCG gene sequences, as
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Figure 1 Organization of the three groups, a, b, and c, of
geneB which hybridize to the cDNA(17) for the hCG beta subunit.
The figure is adapted from refs. 5 and 6. The positions, and
5'—3' orientations, of the seven beta hCG genes and pseudogenes
(1-3 and 5-8) , and of the single beta hLH gene, are shown by
arrovs. The expressed genes, beta hCG genes 1, 3, and 5
[demonstrated in this paper], and beta hLH [assumed to be
expressing because it is a single gene (5)], are shown with bold
arrows. Restriction enzyme sites used to subclone each gene for
transient expression assays, fllndlll (HIII) and Kpnl (K), are
shown above the lines. Polymorphic restriction enzyme siteB,
M f l (H) and Aval (A), are shown below the lines.

Fig. 1 shows, and hence have different Pvull-Aval digestion

patterns. However, only one of the two diagnostic fragments

appears in each digestion, and the results are unambiguous.

We have used the presence of this Aval site in beta hCG

cDNA clones to establish that beta hCG gene 3 is actively

expressed in the human placenta. Using the beta hCG cDNA

clone(17) as a hybridization probe, we isolated 14 more

independent cDNA clones from a cDNA library constructed from

human first-term placental polyadenylated RNA. These clones were

characterized by restriction enzyme mapping to determine that

they contain the 31 end of the beta hCG coding region. When

subjected to the analysis of Fig. 2A, two of the 15 clones

generated the 115 b.p. Pvull-Aval fragment diagnostic of beta hCG

gene 3, while the other 13 had the 142 b.p. fragment. Digests of

six representative cDNA clones are shown in Fig. 2C. We
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(a)

86 87 88

leu ser cys

CTCAGCTGT-

125 126 127
pro pro ser

-CCCCCCAGC-

1
CCCGAG

134 135 136
leu pro gly

-CTCCCGGGG

Pvul A M I A v a l
-IBbp-

-142 hp-

(b)

1 2 3 5 6 7 8

(c)

I 2 3 4 5 6

-142

•115

82-

66-

Fiaure 2 Characterization of the Aval polymorphism at codon
126. (a) Strategy for analysing beta hCG sequences for the
presence or absence of the M a i site at codon 126. (b) Analysis
of the beta hCG genes 1-3 and 5-8. The positions of the 115 and
142 b.p. £y_uII-Aj£a.I fragments are shown. Size markers are in
b.p. (c) Analysis of six representative beta hCG cDNAS, 1-6.
Five of the six clones have the 142 b.p. fragment (142); one has
the 115 b.p. fragment (115).
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confirmed the presence at codon 126 of the Axal site in one of

the cDNA clones by DNA sequencing (data not shown). These data

demonstrate that beta hCG gene 3 is an actively expressed gene in

human first-trimester placenta, accounting for about 15% of the

total beta hCG gene expression.

Expression of beta hCG genes 2. 6. 7. and 8. encoding a variant

beta hCG sequence, was not detected in the placenta

When we determined the complete nucleotide sequences of beta

hCG genes 5 and 6 (ref. 7) , we found that beta hCG gene 6 encodes

alanine (GCC) at position 117, rather than the aspartic acid

(GAC) found in beta hCG gene 5. Aspartic acid is found in this

position in beta hCG gene 3, in the previously isolated beta hCG

cDNA clone(17), and in the amino acid sequences from two

different laboratories(14,15,16). Translation of transcripts

from beta hCG 6 would result in a protein with a different

sequence whose change from aspartic acid (an acidic amino acid)

to alanine (a neutral amino acid) might alter the protein

structure and function. Because of this, we wanted to determine

both how many of the genes could potentially encode the alanine

117 variant and whether any of these genes are expressed in the

placenta.

The alanine 117 variant is associated with a restriction

site difference, so we analyzed the beta hCG genes and cDNA

clones with a strategy similar to the one we used for the Ayjjl

polymorphism. This sequence difference, GACTC in gene 5 and

GCCTC in gene 6, corresponds to the loss in gene 6 of a HinfI

site (GANTC), as shown in Fig. 3A. The presence of a flinfI site

at this position thus indicates the usual aspartic acid rather

than the alanine variant. [It is also possible to maintain the

Hinfl site at this position and make a conservative change from

aspartic acid to glutamic acid, or to lose the Hinfl site by many

changes other than aspartic acid to alanine. However, there are

only two nucleotide differences between the coding regions of

beta hCG genes 5 and 6 (ref. 7), and the extreme similarity of

the restriction maps of the other beta hCG genes to the maps of

these two genes(5) argues against the likelihood of many other

changes.]

All seven beta hCG genes were therefore analysed by a
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(a)

86 87 88
leu ser cys

CTCAGCTGT-

133 134

arg leu

-CGACTC

PvuU Hkifl

-90bp-

-138 bp-

Hfaff

(b)
1 2 3 5 6 7 8

(C)

311 -

240-

200-

®-
140-

118-

OO-

82-
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1 2 3 4

309

-138

-90

Figure 3 Characterization of the flinfl polymorphism at codon
117. (a) Strategy for analysing beta hCG sequences for the
presence or absence of the ainfl s i te at codon 117. (b) Analysis
of the beta hCG genes 1-3 and 5-8. The positions of the 90 and
138 b.p. PvuII-HinfI fragments are shown. Size markers are in
b.p. (c) Analysis of five representative beta hCG cDNAS, 1-5.
All five had 90 b.p. fragments (90).
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combined PvuII-HinfI digest. As outlined in Fig. 3A, a 90 b.p.

Pvull-HinfI fragment reveals the presence of the flJLn.fi site at

codon 117 and a 138 b.p. Pypil-HinfI fragment reveals the absence

of the flinfl site at codon 117. Fig. 3B shows that genes 1, 3,

and 5 have the 90 b.p. fragment, while genes 2, 6, 7, and 8 have

the 138 b.p. fragment. AB in the case of the Aya.1 polymorphism,

there are different fragments appearing in each £yjill-fljjifI gene

digestion. However, only one of the two diagnostic fragments

appears in each digestion, and the results are unambiguous.

These results are consistent with only genes 1, 3, and 5 encoding

the usual aspartic acid at position 117, and genes 2, 6, 7, and 8

encoding the variant alanine. We have confirmed this by DNA

sequencing in the case of beta hCG genes 3 (data not shown), 5,

and 6 (ref. 7).

To look for the expression in the placenta of the geneB that

potentially encode the alanine 117 variant, we analysed the same

15 cDNA clones we used to detect expression of the Aval

polymorphism. Fig. 3C shows the PvuII-HinfI digests for five

representative clones. All 15 of the cDNA clones contain the 90

b.p. fragment and therefore represent transcripts for beta hCG

genes 1, 3, or 5. Thus, if the alanine 117 variant is expressed

in the placenta, it is at a very low level.

Expression of beta hCG genes 3 and 5. but not genes 2. 6. 7. and

8. can be detected in COS cells

Because the seven beta hCG genes are essentially identical,

it was not possible to SI map placental RNA with gene-specific

probes. Instead, we used transient expression in COS cells to

analyse which beta hCG genes have potentially functional

promoters. COS cells, developed by Gluzman(18) and first used by

Mellon et al.(19) for promoter analysis, allow efficient

replication of plasmids containing an SV40 replication origin.

From the maps of the recombinant bacteriophage(5,6) shown in

Fig. 1, we knew that beta hCG genes 2, 3, 6, and 8 can be

isolated intact on individual Kgal fragments of known sizes using

the £snl siteB between the genes. In the case of beta hCG genes

5 and 7, one of the two Kpnl sites comes from within the

bacteriophage lambda vector charon 4A(35). (Beta hCG gene 1 was

not subcloned because the gene isolate lacks the 5',
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Figure 4 Structure of the vector pXH3C with the beta hCG genes
inserted at the unique JJjjnl site. The shaded region is from pX£3
(ref. 20), a poisonless(36) pBR322 (ref. 22) derivative with
deletions between nucleotides 1426-2521 and 3102-3223 (numbers
from ref. 51). The SV40 flindlll C fragment (nucleotides
5171-1046, numbers from ref. 52)(stippled) is inserted at the
unique flindlll (HIII) site of pXf3 (pBR322 nucleotide 29, ref.
51). The location of the SV40 replication origin (ori) and the
direction of early (E) and late (L) transcription are shown with
arrows. The beta hCG genes were isolated as £QDI (K) fragments
(unshaded) and cloned into the SV40 Kpnl site (SV40 nuclotide
294, ref. 52). The genes were isolated oriented in the same
direction as the SV40 early (E) or late (L) transcription, amp
«= ampicillin resistance gene; tet « tetracyline resistance gene
destroyed by the insertion of the SV40 flindlll C fragment.

promoter-containing, end.) Thus, we subcloned each beta hCG gene

as a Ssal fragment into the shuttle vector, pXH3C. pXH3C is pXf3

(ref. 20), a poisonless(36) pBR322 (ref. 22) derivative, with the

flindlll C fragment of SV40 inserted into the plasmid flindlll site

(see Fig. 4). The flindlll C fragment contains the SV40 origin of

replication, allowing the vector to be efficiently replicated in

COS cells, and the unique Kpnl site used for subcloning the beta

hCG genes. To control for the potential influence of the

enhancer and the early and late SV40 promoters, which are also on

the SV40 flindlll C fragment, we attempted to isolate plasmids

with beta hCG gene inserts in both orientations, calling the

construction E (for early) if the beta hCG gene promoter was
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oriented on the plasmid in the same direction as the SV40 early

promoter and L (for late) if the beta hCG gene promoter was

oriented on the plasmid in the same direction as the SV40 late

promoter (see Fig. 4). We obtained beta hCG genes 2, 3, 5, 6,

and 7 in both orientations, but despite multiple attempts could

only isolate gene 8 in the late orientation.

We had previously determined by Northern blot analysis(37)

that human first-trimester placental polyadenylated RNA has a

single beta hCG message(2). The size of the protected fragment

obtained by SI nuclease mapping showed that this message

initiates at around 352-353 b.p. from the start of

translation(6), although the steric effect of the cap structure

may mean that the 5•-untranslated region is actually 3-5 bases

shorter(34) than this estimate.

To assay the beta hCG genes for promoters functional in COS

cells, we transfected pXH3C and beta hCG gene bearing derivatives

of pXH3C into COS cells using the DEAE-dextran method(30),

enhanced the transfection efficiency with chloroquine

treatment(31), and harvested the RNA 60 hours after transfection.

SI nuclease analysis was used to map the 5' ends of the beta hCG

transcripts generated in CBS cells and to compare these to the

beta hCG message in placental RNA. As the SI mapping strategy in

Fig. 5A shows, a 290 b.p. beta hCG fljjlfl fragment spanning the

region of transcription initiation yields a 126 b.p. protected

fragment as the major species. This result, with human first

trimester placental polyadenylated RNA, is shown in Fig. 5B.

When RNA from COS cells is probed using the same strategy, we

found that only RNA isolated from cells transfected with plasmids

bearing beta hCG genes 3 and 5 in either orientation contain

correctly-initiated transcripts (Fig. 5C, laneB 3E, 3L, 5E, and

5L), and that RNA isolated from cells transfected with the

plasmid alone or with plasmid bearing beta hCG genes 2, 6, 7, and

8, do not contain these transcripts (Fig. 5C, lanes C, 2E, 3E,

7E, 8L). We have tested the expression of beta hCG genes 2, 6,

and 7 in the orientation not shown in Fig. 5C, and again found no

transcripts (data not shown).

Because the level of correctly-initiated transcription in

the beta hCG gene 3 transfections is quite low, we have shown a

8426

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/22/8415/2381388 by guest on 24 April 2024



Nucleic Acids Research

long exposure in Fig. 5C. A lighter exposure of this same gel

shows that the correctly-initiated beta hCG gene 3 and 5

transcripts are 126 b.p. and, in the case of beta hCG gene 5, but

not 3, that this is the major transcript (data not shown). The

SI analyses of both beta hCG genes 3 and 5 cloned in either

orientation show identical higher molecular weight bands which

may represent transcripts initiating as far as 80 nucleotides

upstream from the correct initiation site (Fig. 5C, lanes 3E, 3L,

5E, 5L). Many of these transcripts are also present as minor

species in the placental polyadenylated RKA control (compare Fig.

5B, lane A+, with the overexposed Fig. 5C, lane A+). It is also

possible that these bands do not come from extra upstream

initiation sites, but are the result of readthrough

transcription, either from SV40 promoters or from the cloned beta

hCG promoters, followed by splicing to generate new 51 ends.

However, this is unlikely since, even after a long exposure,

these larger transcripts are totally absent from cells

transfected with beta hCG genes that do not give

correctly-initiated transcripts (Fig. 5C, lanes 2E, 6E, 7E, and

8 D , as well as from cells transfected with the pXH3C vector

control (Fig. 5C, lane C). SI products in the genes 2, 6, 7, and

8 lanes of Fig. 5C are also present in the control lane, and are

thus not due to the beta hCG gene insert. The larger transcripts

of beta hCG genes 3 and 5 are therefore specific to expressing

beta hCG genes.

Because of the positions of the EBD.1 sites used to subclone

each of the beta hCG genes, there is a different amount of

upstream sequence in each construction (see Fig. 1).

Specifically, there are 3.2 (gene 2), 4.8 (gene 3), 0.3 (gene 5),

7.8 (gene 6), 4.0 (gene 7), and 4.7 (gene 8) kb of beta hCG gene

sequence upstream from the start of transcription in these

constructions. Since 0.3 kb, the shortest amount of upstream

sequence in any of the constructions for gene transfer, allows

the expression of beta hCG gene 5 in COS cells (Fig. 5C, lanes

5E, 5L), we conclude that the entire promoter region of every

gene is present. Moreover, since the beta hCG gene 3 promoter,

with 4.7. kb of upstream sequence, is functional in COS cells

(Fig. 5C, lanes 3E, 3 D , while the beta hCG gene 2 promoter, with
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(b) (c)
A+M

C 2L3E3L5E5L6E7E8LA+

P—'
-3tl

P-l

- 2 4 0

-200

- - f f f

nii

i
A

\

126—

126-

I -151

-140

-118

.00

Figure 5 SI analysis of beta hCG gene transcripts. (a) Strategy
of SI analysis. Asterisks indicate radioactive labelling. (b)
SI analysis of placental RNA. Markers (M) are in b.p. The 126
b.p. Si-protected fragment (126) and 290 b.p. probe (P) are
indicated in the SI experiment with polyadenylated placental RNA
(A+). The dried gel was exposed on film for 12 hours. (c) SI
analysis of RNA from COS cells transfected with pXHC3 (C) or

8428

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/22/8415/2381388 by guest on 24 April 2024



Nucleic Acids Research

pXHC3 derivatives bearing beta hCG genes 2 in the late
orientation (2L), 3 in the early orientation (3E), 3 in the late
orientation (3D, 5 in the early orientation (5E), 5 in the late
orientation (5L), 6 in the early orientation (6E), 7 in the early
orientation (7E), and 8 in the late orientation (8L), compared to
an SI analysis of polyadenylated placental RNA (A+). The probe
(P) and 126 b.p. Si-protected fragment (126) are indicated. The
same dried gel shown in (b) was exposed on film for 10 days.

only 3.2 kb of upstream sequence, is not functional in COS cells

(Fig. 5C, lane 2E), we believe that these extra upstream

sequences do not contain a region that is artificially inhibitory

in this promoter assay system.

We controlled for transfection efficiency in two different

ways. In one experiment, we cotransferred pXB3C or its beta hCG

gene derivatives into COS cells with pSVLHA8 (ref. 28), a

construction bearing the influenza haemagglutinin gene fused to

the SV40 early promoter which produces haemagglutinin when

transfected into COS cells. We did duplicate cotransfections and

analysed the cells of one group for expression of haemagglutinin

by cell-surface haemabsorption, then harvested the RNA of the

other group and analysed it for correctly-initiated beta hCG gene

transcripts. In this case, the transfection efficiency varied by

less than a factor of two, and we did not adjust the amount of

RNA we used for the beta hCG SI analysis. In the second

experiment, we cotransferred pXH3C or its beta hCG gene

derivatives with SVEHA20-A", a haemagglutinin gene deletion

mutation lacking its anchor sequence(29). COS cells secrete

haemagglutinin when transfected with this DNA(29). When we

analysed the culture medium by radioimmunoassay for levels of

haemagglutinin production, the haemagglutinin levels varied as

much as threefold, and we adjusted the amount of RNA isolated

from the same cells for the beta hCG SI analysis to account for

this. In both these experiments, we saw essentially the same

results as those presented in Fig. 5C (data not shown).

In most experiments, the SI probe was from beta hCG gene 5.

It was possible that we were not detecting transcripts from genes

2, 6, 7, and 8 as a result of the SI nuclease digesting the DNA

at nucleotide differences across the probed region. To test this

possibility, we isolated the SI probe from beta hCG gene 6 as

well as from beta hCG gene 5, and hybridized them separately both
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- 2 5 0
5 AATAATCAGTTAAATCACCTGAAGCACACGCATTTCCGGGGACCGCTCCGGGCA
6 AATAATC^TTAAATCACCTCAAGCACACGCATTTCCGGGGACCGCTCCGGGCA

- 2 0 0 - 1 5 0
5 TCCTGGCTTGAGGGTAGAGTGGGCGGAGGTTCCTAAGGGAGAGGTGGGGCTCGGGCTGAATCCCTCGTTGGGGGG
6 TCCTGGCTTGAGGGTAG<MTa3G<XGAGGTTCCTAAGGGAGAGGTGGGGCTCGGGCTGAATCCCTCGTTGGGGGG

*

- 1 0 0
5 CATCTGGGTCAAGTGGCTTCCCTGGOWCACAGTCAa«MGAGGCCCTCrCTCATTGGGCAGAAGCTAAGTCCGA
6 CATCTGGGTCAAGTGGCT^CCCTGGCAGCACAGTCACXGGGAGACCCTCTCTCACTGGGCAGAAGCTAAGTCCGA

* *

- 5 0 - 1
5 AGCCGCGCCCCTCCTGGGAGGTTGMCTGTGGTGCAGGAAAGCCTCAAGTAGAGGAGGGTTGAGGCTTCAATCC
6 AGCCGCGCCCCTCCTGTrAGGTTGGACTGTGGTGCAGGAATGGCTCAAGTAGAGGAGAGTTGAGGCTTCAGTCC

Figure 6 Comparison of beta hCG genes 5 and 6 sequences 277 b.p.
upstream from the initiation of beta hCG transcription. The base
identified as -1 is nucleotide 190 in ref. 7. Differences
between the two sequences are marked below with an asterisk. The
potential TATA box at -25, enhancer at -49, and CCAAT box at -89,
are underlined.

to human first-trimester placental polyadenylated RNA and to RNA

isolated from COS cells transfected with the beta hCG gene

plasmids. The results with both probes were identical (data not

shown), and were the same as those shown in Pig. 5C.

We analysed the detection limits of our COS cell assay

system by various exposures of the gel shown in Fig. 5C. At

eight hours, beta hCG-specific transcripts from beta hCG genes 3

and 5 were visible (data not shown) , where the 30-fold longer

exposure of Fig. 5C did not reveal any beta hCG-specific

transcripts from beta hCG genes 2, 6, 7, and 8. Thus, if beta

hCG genes 2, 6, 7, and 8 are expressed in COS cells, they must

function at a level less than 3% of beta hCG genes 3 and 5.

(Beta hCG gene 1 could not be tested in this system.)

DNA sequence of the beta hCG genes 5 and 6 promoters

We have previously presented the complete DNA sequence of

beta hCG genes 5 and 6, including 190 bases upstream from the

region of transcription initiation(7). In Fig. 6, we show a

comparison of these sequences, and we now include another 87

bases not previously published, determined by the strategy in

ref. 7. As Fig. 6 reveals, these sequences are exceedingly

similar, with only 10 nucleotides different out of 277.
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Table 1
Summary of evidence that beta hCG genes 3 and 5, and possibly 1,
but not 2. 6, 7, or 8, are expressed in the placenta.

Beta hCG

Gene 1

Gene 2

Gene 3

Gene 5

Gene 6

Gene 7

Gene 8

cDNAs

Aval site at
codon 117

-

-

+

-

-

-

-

2/15

Hinfl site
at codon 126

+

-

+

+

-

-

-

15/15

Functional
promoter in
COS cells

ND

-

+

+

-

-

-

NA

Splice sites
intact

ND

_*

ND

+

+

ND

ND

NA

+ •• present, - - absent, ND •= not determined, NA •• not applicable,
* = ref. 38.

DISCUSSION

The beta subunit of hCG is encoded by a complex family of

seven very similar genes or pseudogenes (see Fig. 1). We have

used two restriction enzyme site polymorphisms, and transient

expression in COS cells, to analyse which of the seven beta hCG

genes are functional. These two polymorphisms are the only

restriction site differences in the coding region we have yet

detected among these seven genes. The data from these two

independent approaches are in agreement and demonstrate that, at

most, only three of the seven beta hCG genes are expressed in the

placenta. The COS cell experiments do not necessarily reflect

which beta hCG genes are expressed in vivo, as these genes may

have tissue specific control elements. However, we note that,

for these genes, the COS cell data and the independent

restriction site polymorphism analysis agree.

Table 1 summarizes our evidence that beta hCG genes 3 and 5,

and possibly 1, but not genes 2, 6, 7, or 8, are expressed in the

placenta. An Ajzal site present in beta hCG gene 3, but not the

other six beta hCG genes, was found in 2 of our 15 independently
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isolated beta hCG cDNA clones, demonstrating conclusively that

beta hCG gene 3 is expressed in the placenta. Consistent with

this result, beta hCG gene 3 produces correctly-initiated

transcripts when transfected into COS cells. A Hin.fi site,

present in beta hCG genes 1, 3, and 5, but not 2, 6, 7, or 8, is

found in the same 15 cDNA clones, indicating that only beta hCG

genes 1, 3, and 5 can be expressed in the placenta. This result

is consistent both with the data from the Ajtal polymorphism,

which demonstrates directly that beta hCG gene 3 is expressed in

placenta, and with the COS cell experiments, where only beta hCG

genes 3 and 5, but not 2, 6, 7, and 8, produce detectable

transcripts. (Beta hCG gene 1 was not tested in COS cells

because our gene isolate lacks the 5', promoter-containing, end.)

Moreover, these data are supported by Policastro et al.(38), who

obtained partial nucleotide sequences of three of the seven beta

hCG genes. In one of these genes, which corresponds to beta hCG

gene 2, the splice site donor sequence in the first intron is

GA(38), rather than the consensus GT(39). This suggests that

beta hCG gene 2 is a pseudogene as correct splicing of the mRNA

would not be expected to take place.

Because we isolated only 15 independent cDNA clones, our

restriction site polymorphism analysis would not detect a low

level of gene expression. He can only safely conclude from these

data that the combined transcripts from beta hCG genes 2, 6, 7,

and 8 represent less than about 10% of the total beta hCG gene

expression. However, the COS cell experiments, which also

demonstrate the absence of beta hCG gene 2, 6, 7, and 8

expression, show that these geneB are expressed at less than 3%

of the levels of beta hCG genes 3 and 5. Thus, if beta hCG genes

2, 6, 7, and 8 are functional, they function at very low levels.

The SI analysis would not have detected RNA from beta hCG genes

2, 6, 7, or 8, if their transcriptional start sites are very

different from those of genes 3 and 5. However, if they are

different, these genes must be expressed in tissues other than

the placenta, because we detect only one message by Northern blot

analysis of placental RNA(2). It is possible that these genes

are expressed at low levels in other tissues not normally thought

to be making hCG or in ectopic tumors that synthesize hCG(40).
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We have sequenced(7) beta hCG genes 5 (functional) and 6

(non-functional), and find no splice site mutation in gene 6. We

have also sequenced 277 bases upstream from the start of beta hCG

gene transcription, as shown in Fig. 6. Two characteristic

canonical sequences which precede the start of transcription have

been identified in eukaryotic genes (see compilation in ref. 41).

The first of these sequences, the TATA box, occurs at about 30

bases upstream from the start of transcription. In both beta hCG

genes 5 and 6, we find a weak match to this sequence, TAGAGGA (at

-25), which has 4 out of 7 bases of the canonical sequence,

TATA(T/A)A(T/A). However, transcription from some viral

promoters occurs without the presence of a TATA box (see ref. 42

and the refs. therein). The second of the these sequences, the

CCAAT box, usually occurs at about 60-80 nucleotides from the

start of transcription. We find another weak match for this

sequence for both genes 5 and 6, AGCTAAGTC (at -88), with 4 of 9

bases matching the canonical sequence GG(C/T)CAATCT. Thus, both

genes, one of which produces beta hCG gene-specific transcripts

in COS cells and the other of which does not, have the same TATA

and CCAAT boxes.

Two other regions required for efficient transcription have

been identified in some genes. The first of these is the

enhancer(43,44). We find a reasonable match to the enhancer

consensus sequence, GXTGTGG(T/A)(T/A)(T/A)(45), at -49 (see Fig.

6). There are even better matches at three positions in the

first intron, one position in the first exon, and two positions

in the second intron(7). We do not know if these potential

enhancer sequences have any physiological significance for beta

hCG gene expression, but there are no differences between the two

genes that could explain why beta hCG gene 5, but not 6, is

expressed at detectable levels. However, one enhancer sequence

has been identified at 340 nucleotides upstream from the

Adenovirus-2 E1A gene transcription start site(45), and our

sequence comparison does not extend that far upstream. A second

region, identified in some genes and required for efficient

transcription, is found upstream from the CCAAT box, around -100

or further (see ref. 46 and refs. therein). These regions do not

resemble each other or the upstream sequences of the beta hCG
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genes 5 and 6. However, as with these other genes, it is likely

that some of the sequences upstream from the beta hCG CCAAT box

are necessary for transcription.

There are 10 nucleotideB different between the upstream

sequences of beta hCG genes 5 and 6, or 3.6%, across the 277

nucleotides sequenced (see Fig. 6). This is comparable to the

3.2% homology in the beta hCG gene 5 and 6 introns(7). However,

9 of the 10 nucleotide changes occur within the first 109

nucleotides, a difference of 8.3%, and the genes become more

similar beyond this 109 base region. Thus, the differences

between beta hCG genes 5 and 6 cluster in the promoter region.

Although genes have elements necessary for transcription in

common, the need for other upstream sequences, specific to gene

type, indicates that the alterations that abolish beta hCG gene 6

transcription could be contained among these 9 base changes. All

of the naturally occurring promoter mutations, identified in

humans with beta-thalassemias, lower but do not abolish

transcription. Three of these are single bases changes in the

beta-globin gene TATA box(47,48,49) , and one is a single base

change in the -100 region(50). Thus, it is likely that multiple

changes have been necessary to so greatly reduce the level of

beta hCG gene transcription. Since the beta hCG gene family is

young, these data indicate that the evolution of pseudogenes

might in some cases begin with a small number of promoter region

changes that abolish or greatly lower transcription.
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