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“Medical Laboratory Department, Leipzig, Germany

ABSTRACT

We have previously confirmed glandular cell CGB and CGA
subunit mRNA gene expression as well as the expression of their
dimeric and single-subunit human chorionic gonadotropin
(hCG) proteins in normal secretory transformed endometrium.
The objective of this study was to investigate the endometrial
epithelial gene locus of the human hCG/LH gene cluster from
CGB genes responsible for gene expression. For this study,
endometrial specimens were selected from women character-
ized using our endometrium score and hCG staining index that
had normal secretory transformed endometrium and optimal
hCG staining. Using full-length CGB mRNA sequence analysis,
we found that epithelial CGB is (co)expressed as the product of
gene locus CGB7 and CGB6 (48%), as single CGB7 (42%), or to
a lower percentage as single CGB6 (10%). In addition to known
differences between these genes and CGB5, the nucleotide
sequence of the mRNA differs between CGB7 and CGB6 in the
untranslated promoter region and in translated exon 2.
Immunohistochemical results show that endometrial joint
CGB7 and CGB6, single CGB7, and single CGB6 mRNA
expression lead to the release of endometrial hCG. Gene-
specific antibodies for CGB7 reveal secretory endometrial hCG
production, which is not observed for gene-specific CGB5
antibodies, whereas the placenta is positive for CGB5 and
negative for CGB7 antibody as revealed by immunohistochem-
istry and Western blot hCG isoform analysis. Only endometrial
CGB? expression seems to be supported specifically by secretory
endometrial transcription factors. In conclusion, epithelial hCG
is expressed and produced as CGB7 and/or CGB6 but not CGB5,
and it is produced together with CGA as a secretory
transformation marker in the normal secretory phase endome-
trium.

endometrium, female reproduction tract, human chorionic
gonadotropin (hCG/hCG receptor), menstrual cycle, uterus
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INTRODUCTION

Human chorionic gonadotropin (hCG) is composed of two
noncovalently bound subunits, alpha-CG (CGA) and beta-CG
(CGB) [1]. The CGA subunit is encoded by a single gene
located on chromosome 6q21.1-q23, but the CGB subunit
molecule is encoded by any one of the six nonallelic genes,
CGB8, CGB7, CGBS5, CGB3 (CGB), CGB2, and CGBI,
present on chromosome 19q13.32 [2—4]. Another gene, CGB6,
has been described previously as an allele of CGB7 with
differences in the 5’ untranslated region sequence within exon
1[5, 6]. All CGB genes are arranged in a gene cluster structure
and are linked to a single highly homologous gene encoding
the beta subunit of luteinizing hormone (LHB4). This CGB/
LHB gene cluster arose from the only ancestral LHB gene with
segmental duplications, which is evolutionarily conserved and
is only expressed in human and nonhuman primates [7]. With
regard to evolution, the CGB7 and CGB6 subunits are
described as the oldest phenotypic CGB variations, whereas
the CGBS5, CGB3, and CGBS8 nucleotide structure variations
comply with more recent gene locus development for hormone
transcription and translation [8, 9].

The specificity of the hCG hormone is mediated by the beta
subunit. Trophoblastic tissue almost exclusively expresses
CGBS5, CGB3, and CGBS8 (tCGB or type II) [1, 4]. However,
hCG and/or its subunit CGB are also produced at low
quantities by the epithelia of many normal healthy tissues,
particularly in the intestinal, urinary, and respiratory tracts and
by the pituitary, testis, and fallopian tubes [10—13]. Normal
nontrophoblastic tissues such as breast, lung, prostate, bladder,
and colon almost exclusively express CGB7 (eCGB or type I)
[10]. In healthy men and women who are not pregnant, very
low peripheral hCG concentrations and even lower free CGB
concentrations have been observed [14]. Human chorionic
gonadotropin and LH bind to the hCG/LH receptor that has
been identified in the endometrium [15, 16] and in several
gonadal and nongonadal tissues [17]. The placental CGA and
CGB subunit molecules are characterized by a specific N-
linked glycosylation pattern, and the CGB molecule is
characterized by an additional specific O-linked glycosylation
pattern in the C-terminal peptide (CTP) [18, 19]. The free CGA
and CGB proteins combine to form intact biologically active
hCG. The bioactivity and receptor binding depend on
glycosylation [20, 21].

In initial immunohistochemical and in situ hybridization
experiments, we showed that glandular cells of the normal
cyclic healthy endometrium express and produce the CGB
subunit primarily during the secretory phase of the uterine
epithelium [22, 23]. Recently, we confirmed both CGA mRNA
and CGB mRNA gene expression, detected the CGB and CGA
subunits and dimeric hCG protein isoforms by electrophoretic
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separation, measured the hCG and CGB hormone concentra-
tions in endometrial homogenates, and immunohistochemically
characterized increases in hCG production in synchrony with
the transformation of the secretory endometrium [24]. We
found that glandular hCG release is diminished or absent,
respectively, in dyssynchronously transforming or nontrans-
forming secretory cycle phase endometria. The demonstrated
ability of the cyclic secretory endometrium to produce a high
level of epithelial hCG production is intensified in the
glandular epithelium of early decidua [25].

The objective of this study was to investigate the origin of
epithelial CGB mRNA gene expression and hCG production
(CGB7, CGB6 or CGBS5, CGBS8, and CGB3) in gene cluster
using gene-specific primers for the total mRNA sequence
analysis and our gene-specific CGB7 or CGBS5 antibodies for
hCG release in normal, healthy transforming secretory
endometrium.

MATERIALS AND METHODS

Human Subjects and Tissue Processing

To study gene-specific hCG expression and hormone production, we used
endometrial biopsy tissues selected from patients undergoing clinical diagnosis
of infertility. Endometrial samples in the patient group were from couples
experiencing infertility due solely to tubal damage or a male factor. The
specimens were collected after cervical dilatation and endometrial biopsy.
Samples from patients who underwent hysterectomy for benign gynecological
conditions other than endometrial diseases were added to the study to increase
the number of proliferative and in-phase early secretory phase endometrial
specimens. Endometrial specimens were disregarded if the women had received
exogenous hormones during previous months. All biopsies were obtained after
receiving written informed consent from the patient and approval from the
Medical Ethics Committee of the University of Leipzig. First, these tissue
samples were routinely staged by independent histological scoring by an
experienced pathologist using criteria for the secretory endometrium [26].
Progesterone levels were measured on the day of the biopsy.

A total of 581 patient endometrium samples used in our recent study [24],
consisting of a variety of normal, dyssynchronous, or missing endometrial
secretory transformation specimens, were also analyzed histologically accord-
ing to our endometrium score parameters proposed in that study (glandular
shape, glandular nucleus, stromal differentiation, leukocyte number; each
scored 1-6 and summarized). After this analysis only the 145 patient samples
identified as normal, synchronously transformed secretory endometria were
selected and included in the present study. The samples were subdivided into
patient groups of the early secretory (n =42, score 8—12), midsecretory (n =35,
score 12-16), late secretory (n = 30, score 16-20) and late predecidual
secretory (n = 38, score 20-24) endometrial phases [24].

After collection, the endometrial tissue samples were immediately rinsed
with saline to remove blood and were divided into several aliquots. For
histological and immunohistochemical evaluation, the tissues were immediately
fixed in 4% neutral buffered formalin overnight and then embedded in paraffin.
For total RNA extraction and subsequent RT-PCR procedure such as CGB gene
7 (CGB7) and CGB gene 6 (CGB6) cDNA sequence analyses, samples were
immediately submerged in the RNA stabilization reagent RNA-later (Qiagen)
and then rapidly frozen and stored at —80°C. Total RNA isolated from the
selected endometrial tissues and from the early pregnancy placental tissue as a
control was extracted using Trizol reagent (Gibco) according to the
manufacturer’s instructions. The pellets were dissolved in DE-PC-treated
water, and 30-pl RNA samples were quantified and stored as small aliquots at
—80°C. For the tissue homogenization and the preparation of supernatants used
for Western blot detection, approximately 30 mg of prewashed fresh or —80°C
frozen samples was resuspended in 500 pl ice-cold lysis buffer of 50 mM Tris-
HCI buffer, pH 7.6, using the Complete Protease Inhibitor Kit (Roche), and
were homogenized on ice as previously described [24]. The supernatants were
prepared by repeated centrifugation of the homogenates at 19 000 X g and 4°C
and were frozen immediately at —20°C until examination.

Reverse Transcription and PCR

Total RNA (2 pg) was treated with RNAse-free DNAse (Roche). A 2.5-pl
aliquot was heated at 65°C to eliminate DNAse and unfold the RNA, followed
by cooling at 4°C. A 2.5-pl aliquot of the cDNA reaction mixture prepared
according to the manufacturer’s instructions (Roche) was added as previously
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described [24]. The reverse transcription reaction was carried out using a Perkin
Elmer thermocycler under the conditions of 25°C for 10 min, 42°C for 60 min,
and finally 5 min at 94°C to destroy the reverse transcriptase activity. The PCR
procedure was performed immediately after reverse transcription in the same
tube by adding 20 pl of PCR mixture as previously described [24].
Amplification of cDNA was performed using a common CGB gene primer
pair to capture all of the specific CGB subunits expressed from CGB gene 3
(CGB3), gene 5, gene 6, gene 7, and gene 8 [3, 5-7] that should be expected to
appear in amplicons of 548 and 378 bp as well as using a CGA primer pair [2]
as demonstrated in Table 1 (CGB, CGB3, NM_000737.2; CGBS,
NM_033043.1; CGB6, M13505.1, X00266; CGB7, NM_033142.1,
M13503.1; CGBS, NM_033183.1; CGA, NM_000735). Additional gene-
specific CGB primer pairs were included to differentiate CGB5 from joint
CGB7 and CGB6 gene expression. Additionally, the gene expression of the
single CGB7 or single CGB6 gene amplicons was determined (Table 1). The
resulting PCR amplicons represent the indicated portions of CGB RNA because
the primers were located in different exons (with the exception of one amplicon
localized in a single exon that was detected with and without avian
myoblastosis virus reverse transcriptase). To exclude the possibility of
amplification of contaminating genomic DNA despite DNAse treatment,
PCR was also performed excluding reverse transcriptase from the cDNA step
for each primer set. A negative control reaction in which no RNA or cDNA
template was added to the reaction mixture was included in each experiment.
Placental RNA was applied to each primer set amplification as a positive
control. All of the amplification reagents were obtained from Roche. All of the
oligonucleotide primer pairs were synthesized by Applied Biosystems. Nine-
microliter aliquots of the PCR products were electrophoresed in a 2.0% agarose
gel in 50 mM Tris-buffered 150 mM saline (TBS) buffer, pH 7.40, and were
imaged for documentation by UV as previously described [24].

Sequence Analysis of the Total Endometrial CGB mRNA
Subunit

Endometrium samples from the patient group (n = 145) of normal,
synchronously transformed secretory endometria were included in the full-
length mRNA sequence analysis of the epithelial CGB subunit. Total RNA
extraction, cDNA reverse transcription, and RT-PCR were carried out as
previously described. Common CGB gene primer pairs were chosen (Table 1),
resulting in the amplification of the complete CGB subunit gene containing
amplicons of 548 bp (spanning exons 1-2) and 378 bp (exons 2-3). Both CGB
amplification reaction products were cut out of the gel and purified using the
QIAquick gel extraction kit (Qiagen) to clean up the cDNA fragments.
Sequence analysis of the RT-PCR-amplified CGB fragments was performed
using the same oligonucleotides that were used as PCR primers (548 and 378
bp) to distinguish the expression of different CGB genes. The RT-PCR
products were sequenced in both the sense and antisense orientations using an
ABI 3100 Automated Capillary DNA Sequencer that supports competitive
sequencing and cDNA fragment analysis. The samples were processed using
the BigDye Terminator Cycle Sequencing Kit from Applied Biosystems.

Production of CGB7- and CGB5-Specific Antibodies

The present commercially available hCG antibodies cannot generally
differentiate between the endometrial and placental hCG release. To obtain
polyclonal antibodies that specifically recognize the epithelial endometrial and
decidual CGB7 subunit or the placental CGBS subunit, the synthetic
oligopeptides P1 and P2 or Cl and C2 were used as antigens with high
antigenic activities (Table 2). The resulting CGB7 as well as the CGBS5
antibodies are directed against the CGB epitope beta 1 (amino acid [aa] 1-15)
on the N-terminus of exon 2 or the CGB epitope beta 9 (aa 110-119) near the
CTP of the CGB protein chain in exon 3 [3, 6, 7, 27]. The highly purified
peptides P1, P2, C1, and C2 were purchased from Biotrend Corporation in
Cologne, which also supported our antibody production. According to the
standard immunization protocols for producing polyclonal antibodies, 12-wk-
old rabbits were injected i.p. with 500 pl of the following different solutions:
two rabbits each received 200 pg of the keyhole limpet hemocyanin carrier-
bonded peptides P1 (animals Z51, Z52), C1 (253, Z54), P2 (Z55, Z56), or C2
(Z57, Z58) in 0.1% NaCl with 1:1 incomplete adjuvant for the initial
immunization injection. After 7 and 14 days, the injections were repeated with
the same sample size solution (booster shots). The last shot was administered
on day 28. A 20-ml blood sample was removed from each rabbit on day 35.
The periodic boosts and bleedings were continued for 4 mo with satisfactory
immune responses.

For the antibody titer detection in preimmune and anti-CGB immune
serum, the bovine serum albumin-conjugated peptides P1, P2, C1, and C2
diluted to 10 pg/ml in 100 mM sodium carbonate/bicarbonate coating buffer pH

Article 87



hCG AND BETA CGB7 AND CGB6 IN HUMAN ENDOMETRIUM

TABLE 1. Oligonucleotide primer pairs for total gene CGB, CGB7, CGB6, CGB5, and CCA.*

No. Gene Primer location bp Exon Strand Nucleotide sequence Amplicon bp Paired no.
1 CGB —353/-337 1 Sense 5'-TCGGGTCACGGCCTCCT-3’ 548 3
2 CGB 108/127 2 Sense 5'-GGCTGTGGAGAAGGAGGGCT-3’ 378 4
3 CGB 195/178 2,3 Antisense 5'-CAGCACGCGGGTCATGGT-3’

4 CGB 484/468 3 Antisense 5'-TCGGGGTGTCCGAGGGC-3’

5 CGA 83/102 Sense 5'-TGCAGGATTGCCCAGAATGC-3’ 231 6
6 CGA 313/294 Antisense 5'-CCGTGTGGTTCTCCACTTTG-3’

7 CGB7/6 —346/-325 1 Sense 5'-ACGGCCTCCTCCTGGTTCCCAA-3’ 543 3
8 CGB5 —346/-325 1 Sense 5'-ACGGCCTCCTCCTGGCTCCCAG-3' 543 3
9 CGB7/6 —-192/-173 1 Sense 5'-AGACCACTGAGGGGAGAGGA-3’ 386 3
10 CGB5 —192/-173 1 Sense 5'-GGACCAGTGAGAGGAGAGGG-3’ 386 3
11 CGB7 53/72 2 Sense 5'-CATGGGCATCCAGGGAGATG-3’ 143 3
12 CGB5 53/72 2 Sense 5'-CATGGGCATCCAAGGAGCCG-3’ 143 3
13 CGB7/6 391/410 3 Sense 5'-GATGACCCCCGCTTCCAGGC-3’ 94 4
14 CGB5 391/410 3 Sense 5'-GATGACCCCCGCTTCCAGGA-3’ 94 4
15 CGB7 —63/46 1 Sense 5'-CCTTGACGCCCCCACAAA-3’ 258 3
16 CGB6 —62/46 1 Sense 5'-CTTGCCGCCCCCACAAC-3’ 257 3

* The sense and antisense primer pairs used in reverse transcription PCR amplification of endometrial and placental hCG are shown.

9.6 were adsorbed in 50 pl per well onto the Maxisorp ELISA carrier (Nunc)
via overnight incubation followed by removal and multiple washes with PBS
containing 0.1% Tween 20 (PBS-T) and 0.05% Triton X. The antigen-prepared
carrier plates were incubated with the respective immune sera Z51 to Z58 at
eight logarithmic dilutions up to 1:250000, washed with PBS-T, incubated
with biotinylated anti-rabbit IgG (Dako) and washed again. To each well, 100
ul of 0.05% hydrogen peroxide, 50 mM natrium acetate, pH 4.5, and 0.12 mg/
ml tetramethyl benzidine were added. After a 15-min incubation, the reaction
was stopped by adding 500 pl of sulfuric acid. The absorption was determined
at 450 nm (with reference to 630 nm).

For the immunoaffinity chromatographic purification of anti-peptide
antibodies from antiserum, the respective peptides were immobilized on a gel
column in accordance with the manufacturer’s procedure (Pierce). The
antiserum Z51 was incubated on a CGB7-peptide coupled Sepharose column
equilibrated with PBS buffer at room temperature for 60 min. The bound CGB7
antibody was eluted using 100 mM glycine buffer, pH 2.5-3.0. In a second
step, the TRIS buffer-neutralized purified CGB7-antibody eluate was applied to
a CGBS5-peptide coupled Sepharose column under the described conditions to
separate it by binding to any remaining CGBS5 antibody. Analogously, the
monospecific purified CGBS antibody was produced using CGBS5 and applied
to a CGB7 peptide coupled to a Sepharose column for fine purification.

Immunohistochemistry

Paraffin-embedded tissue samples from the normal secretory endometrium
and from an early pregnancy placenta as a control were cut into 4-um-thick
serial tissue sections, mounted on superfrost slides, deparaffinized, cleared in
xylene, rehydrated in ethanol, and incubated in TBS as previously described
[24]. The sections were incubated with 0.3% fresh hydrogen peroxide to block
endogenous peroxidase activity. To immunolocalize the general hCG release in
the normal secretory endometrium, the epithelial hCG was stained immuno-
histochemically using the pan-specific polyclonal antibody A0231 (Dako)
diluted 1:500 in TBS-T/normal goat serum (NGS) as previously described [24].
The successive incubation and staining steps for the treatment of the tissue
sections were carried out according to the manufacturer’s instructions (Elite
ABC Kit; Vectostain Labs). Negative controls consisted of samples for which
the primary hCG antibodies were omitted from the TBS-T/NGS solution, and a
positive control section of placental tissue was included for all the primary
antibodies used in every staining protocol described for endometrial tissues.

The specific antibodies developed above were used to observe the
immunolocalization of either CGB7 or CGBS5 subunit-bound hCG. The
immunohistochemical staining of normal secretory endometrial hCG was
performed using the described CGB7 gene-specific polyclonal antibody Z51.
To examine the staining of early gestation placental hCG, the CGBS5 gene-
specific polyclonal antibody Z53 was used. After blocking the endogenous
peroxidase, avidin-biotin, and nonspecific antibody binding activities as
described, both primary CGB7 or CGBS5 antibodies (diluted 1:5000 in TBS-
T/NGS) were incubated with serial tissue sections at 4°C overnight, followed
by treatment with biotinylated secondary rabbit anti-mouse IgG antibody and
the visualization of peroxidase activity according to the instructions included in
the Elite ABC Kit. The placental CGBS5 antibody was used as a negative control
for endometrial CGB?7 staining.
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Western Blotting

Fresh or frozen homogenate supernatants of normal secretory endometrium
tissues prepared above were examined by Western blot. Endometrial protein
concentrations were measured in homogenate supernatants using the BCA
Protein Assay (Pierce) with values ranging from 2 to 6 mg/ml. Aliquots of
endometrial supernatants, placental supernatants, or dilutions of a pure
placental hCG product (Chemicon) were diluted in reducing probe buffer
(Roth) containing SDS, glycerol, and mercaptoethanol and boiled at 95°C for 5
min. The hCG controls, endometrial proteins, a low-molecular-weight protein
standard mixture, and a rainbow standard (Pharmacia) were size separated by
10% SDS-PAGE and transferred to nitrocellulose by electroblotting. The
resulting membranes were incubated at 4°C overnight with polyclonal primary
rabbit anti-CGB (A0231; Dako) at a dilution of 1:500, with monoclonal
primary mouse anti-CGB (INN22, Serotec) at 1:100, or with polyclonal gene-
specific primary rabbit anti-CGB7 (Z51, Z55) and anti-CGBS (Z53, Z58)
antibodies at 1:500, followed by incubation with a biotinylated secondary goat
anti-rabbit (1:2000) antibody for 1 h at room temperature. The membranes were
then incubated with the ABC complex (Vectostain Labs). The different
molecular forms of endometrial and placental hCG were detected by
visualization with diaminobenzidine (DAB) staining under the same conditions
as used for immunohistochemistry and were correlated with the molecular
weight markers. Purified dimeric hCG products were obtained from Chemicon
for use as positive and negative controls.

RESULTS

This study showed that the CGB gene sequence reported to
be expressed in human placental tissue ranging from the
transcription start site at —366 bp in the promoter region to the
transcription stop site at 495 bp in the CTP of exon 3 [1, 3, 5—
7] is also expressed in human secretory endometrial tissue
(Figs. 1 and 2A). Different CGB primer pairs were selected for
the identification of the expressed endometrial and placental
CGB subunits whose amplicons covered either generally or
gene specifically the full length expressed range of exons 1-3
(Table 1). Using pan-specific oligonucleotide primer pairs (for
all CGBS, CGB6, and CGB7), we established the CGB cDNA
amplification products of 548 and 378 bp in the normal
secretory transformed endometrium. Whereas the primer pair
for the 548-bp product covers the cDNA of exons 1 and 2, the
second pair results in the amplification of the 378-bp amplicon
of exons 2 and 3. The expression of the CGA subunit mRNA
was also confirmed in the secretory endometrium (Fig. 2B).
The lack of production of CGA cDNA when reverse
transcriptase was omitted from RT-PCR test reactions
demonstrates that hCG may be released in synchronously
transformed secretory endometrium. Placental tissues of early
pregnancy were used as positive controls for the expression of
hCG in the RT-PCR assay (Fig. 2B).
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exon 1

115 16 60 183 184 424 495 bp
352 bp 234 bp
exon 2 exon 3 ..............
20 -16 15 1 41 42 121 145 aa
CTP
[ 1 548 bp
I | 543 bp
I - 386 bp
— — 143 bp / 94 bp

FIG. 1.

378 bp

CGB gene expression in the human secretory endometrium. The promoter region (exon 1) and structural genes (exons 2 and 3) are indicated

within the full-length beta hCG subunit mRNA from —366 to +495 bp as shown with total gene CGB cDNA amplicons (548 and 378 bp), CGB7- and
CGB6- or CGB5-specific cDNA amplicons (543, 386, and 94 bp), and CCB7- or CGB5- and CGB6-specific cDNA amplicons (143 bp). This gene leads to
the expression of the CGB prehormone subunit (—20 to 145 aa) and the CGB hormone subunit (1 to 145 aa). CTP, C-terminal peptide of the CGB subunit.

CGB7 and CGB6 mRNA Expression with CGA in the
Normal Secretory Endometrium

Only the CGB genes 3, 5, 6, 7, and 8 encode a molecule that
consists of 145 amino acids. To determine which genes are
expressed in the secretory endometrium, we examined the
transcription of hCG mRNA and the corresponding release of
dimer hCG protein in patients using gene-specific oligonucle-
otide primers and antibodies. Table 1 lists the gene-specific
oligonucleotide primer pairs with their resulting CGB amplicon
lengths that cover exons 1-3 and indicate gene expression by
either CGB5 or CGB7 and/or CGB6 in the control tissue or
endometrium samples. The resulting RT-PCR products prove
that the CGBS5 subunit (and also CGB3 and CGBS) is expressed
in the placenta, without the presence of detectable placental
CGB7 and/or CGB6 (Fig. 2, D and F). However, in patient
samples from normal secretory endometrium amplicons of 543,
386, 143, and 94 bp were detected, but this indicates only that
the CGB7 and/or CGB6 subunits are expressed (Fig. 2, C and
E). The first three endometrial cDNA amplicons always
capture at least two of the CGB exons 1-3. For the 94-bp
amplicon of only exon 3, control amplifications with and
without reverse transcriptase indicate the CGB7 and/or CGB6
mRNA expression. To separately determine single CGB7 or
single CGB6 gene expression, the 386-bp amplicon cDNA
product (Fig. 2C, line 5) of different endometrial tissue samples
is assigned after gel extraction into a cDNA-nested PCR
amplification. The oligonucleotide primers 15 or 16 (Table 1)
let us recognize solely CGB7 or CGB6 gel chromatographically
(Fig. 3).

Full-Length Sequence Analysis of Endometrial CGB7 and
CGB6 mRNA Gene Expression

The recently described CGB-subunit mRNA in the secretory
endometrium [24] was sequenced in this study using the two
CGB cDNA amplicons of 548 and 378 bp in tissue samples
from normal secretory endometrium. The selected pan-specific
primers (Table 1) recognize the expression of all of the
described genes, which encode endometrial or placental CGB.
Sequence analyses of 59 patient samples from the normal
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secretory transformed endometrium group (n = 145) revealed a
difference in the distribution of endometrial CGB gene
expression between CGB7 alone, CGB6 alone, and their
coexpression. The coexpression of CGB7 and CGB6 appears to
be most common in secretory endometrial specimens, followed
by expression of CGB7 alone and then CGB6 alone, but no
CGB5 mRNA was observed (Table 3). The sequence analyses
in endometrial specimens of the healthy menstrual cycle
confirmed the full-length mRNA expression of the CGB
subunit from the transcription start of the gene to the CTP in
exon 3. Figure 4, B and C, reveals for the first time the
endometrial CGB6 mRNA expression. Figure 4, A-C,
compares selected portions of the sequence of the 548-bp
cDNA amplicon among the three different single or coex-
pression patterns of endometrial CGB6 and CGB7 gene
expression. For the 378-bp amplicon, a nucleotide difference
in the endometrial CGB7 and CGB6 mRNA sequences at 410
bp in exon 3 (both C versus A in placental CGB5 mRNA) has
been ascertained by sequence analysis (data not shown). The
fully analyzed CGB mRNA sequences of the secretory
endometrium are compiled as CGB7 and CGB6 and compared
to placental CGB5 and pituitary LHB4 in Figure 5. The
endometrial CGB7 mRNA differs from the nucleotide
sequence of CGBS mRNA mainly in the 5" untranslated region
of exon 1, but also in both the translating exons 2 and 3 of the
coding CGB gene. The resulting endometrial CGB7 subunit
mRNA that we identified by sequence analysis in exons 2 and
3 differs from placental CGBS5 at +64 bp with AGA, +70 bp
with ATG, and +409 bp with GCC instead of AAG, ACC, and
GAC respectively (Fig. 5). Additionally, the analyzed CGB7
and CGB6 mRNA sequences of the secretory endometrium
differ considerably, especially in the gene promoter region and
to a lesser extent in the structural genes (Fig. 5).

Immunohistochemistry of Endometrial hCG Using Pan- and
Gene-Specific CGB Antibodies

Thus far we have demonstrated endometrial hCG formation
immunohistochemically using conventional hCG antibodies.
To detect the genetic origin of hCG release in the endometri-
um, patient samples with a normal secretory endometrium
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CGB subunit CGA subunit
B
bp bp 1 2 3 4 5 6
1,000 1,000
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CGBY and/or CGB6 subunit CGBS5 subunit
D
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bp
700

200

50
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FIG. 2.

<— 143bp
<4— 94bp

plac endo plac endo plac
-RT

Expression of full-length CGB subunit and CGA subunit mRNA (A, B) and of CGB7 and/or CGB6 mRNA (C, E) in the normal secretory

endometrium compared to expression of CGB5 mRNA (D, F) in the placenta. RNA isolated from endometrial and placental tissue samples was analyzed
by RT-PCR using primer pairs specific to total CGB (A) or gene-specific to CGB7, CGB6 (C, E), and CGB5 (D, F). The panels show the resulting PCR
products from endometrial specimens characterizing the total CGB subunit amplicons of 548 and 378 bp (A, lanes 3 and 5) and are characterized by the
CGB7 and/or CGB6 amplicons of 543, 386, and 94 bp (C, lanes 3 and 5, and E, lane 5) and the CGB7 amplicon of 143 bp (E, lane 3), but no PCR products
were obtained using the CGB5 primer pairs with the endometrial samples (D and F, lanes 3 and 5). The CCA subunit fragments were observed in the
endometrial specimens (B, lane 3) similar to the placental tissue (B, lane 4), in contrast to the failed amplification reaction in the absence of reverse
transcriptase activity (—RT, B, lanes 5 and 6). The CGB5 subunit amplicons from early gestation placental tissue are shown as positive control (D and F,
lanes 4 and 6), but no PCR products were obtained using the CGB7 and/or CGB6 primer pairs for the placental tissue samples (C and E, lanes 4 and 6).
—RNA, without RNA; endo, endometrium; plac, placenta; —RT, without reverse transcriptase for the 94-bp primer pair assay.

score [24] were selected and stained immunohistochemically
for CGB7 and CGB6 single or coexpression. The total CGB
gene-recognizing hCG antibody A0231 (Dako) was used to
c