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Abstract

Human endometrium is unique since it is the only tissue in
the body that bleeds at regular intervals. In addition, abnor-
mal endometrial bleeding is one of the most common mani-
festations of gynecological diseases, and is a prime indica-
tion for hysterectomy. Here, we report on a novel human
gene, endometrial bleeding associated factor (ebaf), whose
strong expression in endometrium was associated with ab-
normal endometrial bleeding. In normal human endo-
metrium, this gene was transiently expressed before and
during menstrual bleeding. In situ hybridization showed
that the mRNA of ebaf was expressed in the stroma without
any singificant mRNA expression in the endometrial glands
or endothelial cells. The predicted protein sequence of ebaf
showed homology with and structural features of the mem-
bers of TGF-B superfamily. Fluorescence in situ hybridiza-
tion showed that the ebaf gene is located on human chromo-
some 1 at band q42.1. Thus, ebaf is a novel member of the
TGF-p superfamily and an endometrial tissue factor whose
expression is associated with normal menstrual and abnor-
mal endometrial bleeding. (J. Clin. Invest. 1997. 99:2342—
2350.) Key words: human « endometrium . endometrial
bleeding « ebaf « TGF-

Introduction

Normal menstruation, a unique process of endometrial tissue
shedding and bleeding, is a complex phenomenon that occurs
during the reproductive years in women, some higher pri-
mates, and two nonprimate species; the elephant shrew (Ele-
phantus myuras jamesoni) and the bat (Glossophaga sorcin-
ina) (1). This process is associated with breakdown and loss of
upper layers of endometrium (functionalis) consisting of
glands and their surrounding stroma after a normal ovarian cy-
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cle. The role of steroid hormones as the primary and systemic
force that drives the endometrium through the exquisitely or-
chestrated phases of the menstrual cycle is well recognized (2,
for recent reviews see references 3-5). The elegant studies of
Markee demonstrated that withdrawal from steroid hormones
is responsible for the menstrual shedding of endometrium and
bleeding (2). Any aberration in the priming of endometrium
by estrogen followed by progesterone leads to premature and
sometimes excessive bleeding during the menstrual cycle or
during menstruation. This abnormal endometrial bleeding is
one of the most common disorders in women, and is one of the
primary causes for hysterectomy (6). During the reproductive
years, nearly 20% of women exhibit menorrhagia (excessive
blood loss during menstruation) (7, 8), and almost every wo-
man during her lifetime experiences episodes of abnormal en-
dometrial bleeding (6). The primary conditions that are associ-
ated with deranged priming of endometrium by the steroid
hormones include aberrant follicular maturation, ovulation or
development of corpus luteum (6, 9, 10), and administration of
steroid hormones, including progestagens (9, 11-13). The un-
derlying basis for dysfunctional uterine bleeding, a common
gynecological disorder that affects women during the repro-
ductive years, is also due to an inappropriate exposure of en-
dometrium to steroid hormones. In most cases, this condition
is almost always associated with anovulatory cycles, and occurs
from a proliferative endometrium (6, 10). More than 75% of
abnormal endometrial bleeding in adolescents is dysfunctional
uterine bleeding due to immaturity of the hypothalamic-pitu-
itary-ovarian axis. As a result of lack of lutenizing hormone
surge and anovulation, the endometrium is continuously ex-
posed to estrogen, and the progesterone-dominated secretory
phase does not develop (10). The dysfunctional uterine bleed-
ing in perimenopausal women has a similar basis. The aging
ovary does not produce an adequate amount of estrogen to in-
duce the midcycle surge of lutenizing hormone. In these ado-
lescents and perimenopausal women, the endometrium is con-
tinuously exposed to estrogen, and bleeding is thought to
occur as a result of this unopposed estrogen exposure (9). On
the other hand, dysfunctional uterine bleeding may occur dur-
ing the secretory phase, due to, for example, an inadequate
luteal phase (9). Bleeding which occurs as spotting or break-
through-bleeding, or occasionally as heavy bleeding, may hap-
pen while the steroid hormones are being administered as a
therapeutic measure or for contraception (9, 11-13). Despite
the knowledge that steroid hormones are responsible for nor-
mal and abnormal endometrial bleeding, the identity of the lo-
cal and specific endometrial factors which are implicated re-
main largely unrecognized. Endometrium is a unique tissue,



since other tissues, such as breast, despite the expression of
steroid hormone receptors and response to these hormones,
do not bleed at the time when the serum levels of steroid hor-
mones have fallen and endometrium is menstruating. This fact
suggests that there should be tissue-specific factors that make
endometrium susceptible to bleeding. Here, we report on a
novel human gene of the TGF- superfamily whose expression
in endometrium is confined to both the late secretory phase
and during endometrial bleeding.

Methods

Materials. The differential display kit (RNA image kit) was obtained
from GenHunter Corporation (Brookline, MA). pBluescript® SK~
and human placental cDNA library were purchased from Stratagene
Inc. (La Jolla, CA). A 1.1-kb ¢cDNA fragment of GAPDH (glyceral-
dehyde 3-phosphate dehydrogenase)! was obtained from Clontech
(Palo Alto, CA). Reagent kit for sequencing with sequenase and
Hybond nylon membrane were from Amersham Corp. (Arlington
Heights, IL). Deoxycytidine 5’ triphosphate dCTP o-32P (3,000 Ci/
mmol) was from Dupont-NEN (Boston, MA). Prime-a-Gene labeling
kit was from Promega Corp. (Madison, WI). RNA STAT-60" was
from Tell-Test, Inc. (Friendswood, TX). Silane-coated, RN Ase-free
slides coated (Silane-Prep™) for in situ hybridization and the Kodak-
OMAT films were obtained from Sigma Chemical Company (St.
Louis, MO). Nick columns were obtained from Pharmacia LKB Bio-
technology Inc. (Piscataway, NJ). Digoxygenin labeling kit (SP6/T7)
and DIG nucleic acid detection kit were from Boehringer Mannheim
Biochemicals (Indianapolis, IN). All other chemicals were from ei-
ther Sigma Chemical Company or Fisher Scientific Co. (Pittsburgh, PA).

Processing of endometria. Endometrial tissues were obtained as
biopsy or curettings from hysterectomy specimens of normal fertile
women who underwent these procedures for nonendometrial abnor-
malities such as ovarian or cervical lesions. In addition, endometrial
samples were obtained from a group of patients with endometrial
bleeding. The age, menstrual cycle history, date of endometrium,
type of bleeding, and other associated clinical findings in these pa-
tients are presented in Table I. The endometria of these patients, con-
sistent with anovulatory and ovulatory cycles exhibited a proliferative
and secretory pattern, respectively. In patients whose endometrium
had a proliferative pattern, bleeding was the major reason for hyster-
ectomy (see Table I). Hysterectomy specimens and each endometrial
biopsy sample were rapidly processed. The date of endometrium was
determined based on the morphologic evaluation of hematoxylin and
eosin-stained endometrial sections using established criteria of
Noyes and Hertig (14). Each endometrial sample was aliquoted as re-
quired. Most tissues, however, were used as follows: ~ 10% of each
sample was processed for paraffin sectioning and morphologic exami-
nation; ~ 70% was flash frozen in a dry ice/ethanol bath for isolation
of RNA; and the remaining 20% was frozen in OCT mounting me-
dium (Tissue-Tek II; Miles Laboratories, Inc., Naperville, IL) for cryo-
stat sectioning and in situ hybridization studies.

Differential display. Differential display was performed as de-
scribed (15, 16). Briefly, cDNA synthesis was carried out using an an-
chored oligo-(dT). The quality of cDNA was verified by PCR using
gene-specific primers to actin which would produce a specific product
of defined length detectable by agarose gel electrophoresis. The tem-
plates for differential display consisted of cDNAs prepared from total
RNAs isolated from endometria from various phases of the men-
strual cycle. These included two cases of proliferative endometria,
three cases of postovulatory day 5 endometria, one case of postovula-
tory day 12 endometrium, one case of postovulatory day 14 en-

1. Abbreviation used in this paper: GAPDH, glyceraldehyde 3-phos-
phate dehydrogenase.

dometrium, and one case of menstrual endometrium. The cDNAs
were amplified with several primer sets. The amplified products from
different cDNAs were size-fractionated on a denaturing polyacryl-
amide gel. Several amplified products were differentially expressed
throughout the menstrual cycle. The primer set consisting of an an-
chored oligo-(dT) (AAG CTT TTT TTT TTT C) and an arbitrary
primer (AAG CTT GAT TGC C) led to the identification of two dif-
ferentially expressed PCR products. One of these products, present
in the late secretory/menstrual endometria, was removed from the se-
quencing gel from the lane that contained the amplified products
from postovulatory day 12. This band was reamplified, and was run
on a sequencing gel along with the amplified product of the postovu-
latory day 12 sample. The mobility of the reamplified band was the
same as that seen in the amplified product from the postovulatory
day 12 sample. The cDNA of the reamplified product was cloned us-
ing a T-tailed vector (pBluescript I KS™) (17, 18). To assure that the
cloned product is derived from the same gene, seven independent
clones were sequenced (19), and were found to contain an identical
300-bp sequence.

Isolation of RNA and Northern blotting. The RNA was extracted
by using acid guanidinium thiocyanate-phenol-choloroform extrac-
tion method as described (20). Briefly, the tissues were homogenized
in RNA STAT-60". Each 50-100 mg of tissue was homogenized in 1 ml
of RNA STAT-60"in a glass or Teflon Dounce homogenizer. Each
homogenate was stored for 5 min at room temperature to permit the
complete dissociation of nucleoprotein complexes. Then, 0.2 ml of
chloroform was added for each milliliter of RNA STAT-60™ used.
Each sample was covered and shaken vigorously for 15 s, and allowed
to stand at room temperature for 2-3 min. After centrifugation at
12,000 g for 15 min at 4°C, each homogenate was separated into a
lower phenol/chloroform phase and an upper aqueous phase. RNA in
the upper aqueous phase was transferred to fresh tubes and mixed
with isopropanol to precipitate the total RNA. After centrifugation
and drying, the precipitated RNA was dissolved in diethylpyrocar-
bonate (DEPC)-treated water by vigorous pipetting and by a gentle
heating at 55-60°C. The amount of RNA in each sample was deter-
mined spectrophotometrically, and its quality was evaluated by the
integrity of ribosomal RNA by electrophoresis of 20 pg of total RNA
in 1% formaldeyde-agarose gel in the presence of ethidium bromide.
Northern blotting was done as described (21). Briefly, 20 pg of total
RNA of each sample was denatured at 65°C in a RNA loading buffer,
electrophoresed in 1% agarose containing 2.2 M formaldehyde gel,
and blotted onto a Hybond nylon membrane using a positive pressure
transfer apparatus (Posiblot; Stratagene Inc.). The RNA was fixed to
the membrane by UV crosslinking. Using the Prime-a-Gene kit, cDNA
was labeled with [**P] to a high specific activity, and purified by Nick
columns. Membranes were prehybridized in 50% formamide, 10X
Denhardt’s solution, 4% saline sodium citrate (SSC), 0.05 M sodium
pyrophosphate, and 0.1 mg/ml of denatured herring sperm DNA at
42°C for 2-4 h and hybridized for 16 h at 42°C with 10° cpm/ml of
heat-denatured probe in the same buffer containing 10% dextran sul-
phate. Then, membranes were sequentially washed three times in 4X
SSC, one time in 0.5X SSC, and then one time in 0.1X SSC. All
washes contained 0.1% sodium dodecyl sulphate (SDS), and were
done at 65°C for 20 min each. The membranes were subjected to au-
toradiography at —70°C with intensifying screens. The same blot was
stripped and reprobed for GAPDH. To reprobe a blot, the probe was
stripped from the membrane in 75% formamide, 0.1X saline sodium
phosphate ETDA (SSPE), and 0.2% SDS at 50°C for 1 h. The rela-
tive abundance of mRNA in each band in the autoradiograms was
quantitated by laser scanning densitometry. The relative optical den-
sities of the GAPDH bands were used to normalize the relative opti-
cal densities of the bands from the ebaf mRNA.

In situ hybridization. Digoxigenin-labeled sense and antisense
RNAs of ebaf were synthesized by in vitro transcription of the full-
length cDNA cloned into pBluescript® SK~ using digoxygenin dUTP.
After alkaline hydrolysis, the probes were subjected to agarose gel
electrophoresis to determine the size of the digested RNA fragments.

Association of ebaf with Endometrial Bleeding ~ 2343



PROLIFERATIVE
PHASE

SECRETORY
PHASE

MENSTRUAL

Figure 1. Northern blot analysis of ebaf in
PHASE

4 i POSTOVULATORY DAY

MPMP MPLP LP LPLP 3 5 6 11

ebaf

11 12 13 13 13 14

* ..'IZSKb

edd 1 I T TEL]l [ETTTIITI O

human endometrium throughout the men-
strual cycle. (Top) 20 pg total RNA from
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ern blot analysis using a 300 bp at the 3’
end of the ebaf cDNA, or the entire cDNA
as the probe. As shown, a band of mRNA
in the size of 2.5 kilobase (kb) was detected
only in the late secretory and menstrual
endometria. The ebaf mRNA was not de-
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tive. (Bottom) The relative optical densities of the ebaf and GAPDH mRNA bands were determined by laser scanning densitometry. The bot-
tom panel shows the relative optical density ratios of the ebaf/GAPDH bands.

Dot blotting was performed on the RNA fragments to assure that
they were labeled. In situ hybridization was performed as previously
described (22, 23). Briefly, frozen sections of endometria were
mounted on silane-coated RN Ase-free slides, and fixed in 4% forma-
lin in PBS for 15 min at 4°C. The tissue sections were rinsed in 2X
SSC and then treated with proteinase K (1 pg/ml in 0.1 M Tris, 50 mM
EDTA, 20 min, 37°C) and acetylated for 10 min in 0.1 M triethanol-
amine (pH 8.0), 0.9% sodium chloride, and 0.25% acetic anhydride.
The slides were dipped once in 2X SSC, and then were dehydrated in
ascending series of ethyl alcohol, and air-dried. The slides were pre-
hybridized for 1 h at 37°C in 50% formamide, 1X Denhardt’s solu-
tion, and 500 pg/ml tRNA, 0.3 M sodium chloride, 10 mM Tris, 1 mM
EDTA (pH 8), and 10% dextran sulfate. Then, sections were incu-
bated at 55°C overnight in the same solution containing the appro-
priate concentration of the probe. The amounts of labeled probes
needed were empirically determined first by a series of in situ hybrid-
ization experiments using various dilutions of the probes. Sense
probe was used as the control. After hybridization, slides were
washed three times for 10 min each at room temperature in 2X SSC,
and the excess SSC was removed. The sections were then incubated
with RNAse A (20 pg/ml) in 500 mM NaCl, 1 mM EDTA, and 10
mM Tris-HCI (pH 8) at 37°C for 30 min to remove the nonhybridized
RNA. The sections were washed three times at room temperature,
for 15 min each, in 2X SSC, 1X SSC, and 0.5X SSC and a final wash
in 0.1X SSC at 55°C for 45 min. Slides were washed in 100 mM Tris
(pH 8), 150 mM sodium chloride for 10 min. Then, the sections were
blocked in 5% normal horse serum in the same buffer for 20 min at
37°C. Slides were incubated with alkaline phosphatase-labeled, anti-
digoxygenin antibody for 1 h at 37°C, washed, and developed in a
mixture of Nitroblue tetrazolium salt (NBT) and 5-bromo-4-chloro-
3-indolyl phosphate (BCIP).

Metaphase cell preparation and fluorescence in situ hybridization
(FISH). Metaphase spreads were obtained from PHA-stimulated
lymphocytes of normal human peripheral blood. G-banding was per-
formed on air-dried slides after they were aged for 1 wk. The banded
metaphase chromosomes were examined and photographed with a
MAX-BX 40 Olympus microscope using a UWplan FL X100 objec-
tive (dry lens). The coordinates of each metaphase were recorded.
The slides were then destained with two changes of 3:1 methanol/ace-
tic acid for 5 min each, and air-dried. The full length ebaf cDNA was
used as the probe in the FISH.

Results and Discussion

Identification of ebaf by differential display. We were interested
in testing the hypothesis of whether gene(s) exist whose ex-
pression in endometrium is confined to the premenstrual/men-
strual period. We reasoned that the genes that are involved in
the process of menstrual bleeding potentially will be expressed
immediately before and during menstruation. To test the hy-
pothesis, we used differential display and looked for gene(s)
whose expression in endometrium was confined to the late
secretory/menstrual phase. We identified a major band in the
differential display gel whose expression, consistent with our
hypothesis, was found in postovulatory days 12 and 14 and the
menstrual endometria. A GenBank nucleotide BLAST search
revealed the sequence of this band to be 100% identical to the
expressed sequence tag (EST) cDNA clone 137335 3’ that has
been derived from human placenta. To obtain the full-length
coding sequence of this gene, we screened a human placental

12 3 4 5 6 7 8 9 10 11 12 13 Figure 2. Northern blot analysis of ebaf
mRNA expression in normal tissues. (Top)
ebaf W mm 2 5Kb 20 pg total RNAs from normal tissues was
' subjected to Northern blot analysis using
GAPDH - . - = . - . the full-length ebaf cDNA as the probe.
- . . . ’ The integrity of RNA was verified by

staining the 18S and 28S ribosomal RNA

(not shown) and hybridization of the blots with a cDNA probe to GAPDH. The tissues in lanes /-12 were, respectively, as follows: lung, kidney,
ovary, liver, colon, rectum, spleen, lymph node, pancreas, testis, stomach, and stomach mucosa. Lane /3 is a positive control RNA sample from
endometrium of a patient with endometrial bleeding showing the ebaf mRNA band (see Fig. 4). Whereas GAPDH mRNA was detected in these
tissues, the ebaf mRNA was not detectable in tissues other than endometrium.
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Figure 3. Insitu hybridization of ebaf mRNA in normal human endometrium. Sections of late secretory endometria exhibited hybridization sig-
nals with digoxygenin-labeled, antisense, ebaf RNA probe in the stroma (A, X50; B, X200). On the other hand, sections of late proliferative en-
dometria failed to show any hybridization signal with the antisense ebaf RNA probe (C, X50; D, X200). Endothelial cells did not exhibit hybrid-
ization signals with the digoxygenin-labeled, antisense ebaf RNA in secretory (A and B) or proliferative (C and D) endometria (arrows).

library with the 300-bp fragment. Three independent clones
with a 2.0-kb cDNA insert were identified and sequenced in
both directions, and cDNA of one of these clones (ebaf) was
used in the following studies.

Expression of ebaf mRNA in normal human endometrium
throughout the menstrual cycle. Northern blot analysis showed

Table I. Characteristics of Patients with Endometrial Bleeding

that in normal human endometrium, the expression of the ebaf
mRNA was menstrual cycle phase-specific. The ebaf mRNA
in human endometrium was transiently expressed in the late
secretory/menstrual phase (Fig. 1). The size of the ebaf mRNA
species detected in all endometria was ~ 2.5 kb (Fig. 1). The
expression of ebaf mRNA could not be detected in endometria

Menstrual cycle history

Case no. Age Regular Irregular encg?xtlzsifum Characteristics of bleeding Other clinical findings
1 40 Y P Menometrorrhagia* Endometriosis
2 37 Y P Menorrhagia* (2 yr)
3 34 Y P Menorrhagia*
4 35 Y (8-12d) P Menorrhagia* Ovarian cyst, adhesions
5 39 Y P Menometrorrhagia* Adenomyosis
6 28 Y (8-9d) P Menometrorrhagia* CINIII
7 45 Y P Severe menometrorrhagia, uncontrolled* Adenomyosis, pelvic pain
8 36 Y MS Menometrorrhagia Leiomyoma
9 43 Y ES Menometrorrhagia Leiomyoma
10 22 Y MS Menometrorrhagia CINIII
11 44 Y MS Menometrorrhagia Ovarian cyst
12 43 Y ES Menometrorrhagia Leiomyoma

Y, yes; P, proliferative, ES, early secretory; MS, midsecretory; LS, late secretory. * Endometrial bleeding was the major reason for hysterectomy.

Association of ebaf with Endometrial Bleeding
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Figure 4. Northern blot analysis of ebaf mRNA expression in en-
dometria of patients with endometrial bleeding. (Top) 20 g total
RNAs from endometria of patients with endometrial bleeding was
subjected to Northern blot analysis using the full-length ebaf cDNA
as the probe. The integrity of RNA was verified by staining the 18s
and 28s ribosomal RNA (not shown) and hybridization of the blots
with a cDNA probe to GAPDH. The endometria were dated to the
proliferative, early, and midsecretory phases. The mRNA of ebaf'is
strongly expressed in all endometria irrespective of whether the en-
dometrium was in the proliferative or secretory phase of the men-
strual cycle. In most patients with endometrial bleeding, no organic
lesions that could account for the bleeding were detected. Three pa-
tients had leiomyomata (lanes 8, 9, and 12 from left). (Bottom) The
relative optical densities of the ebaf and GAPDH mRNA bands were
determined by laser scanning densitometry. The bottom shows the
relative optical density ratios of the ebaf/GAPDH bands.

in the proliferative or early and midsecretory phases of the
menstrual cycle (Fig. 1). Northern blot analysis failed to reveal
the presence of 2.5 kb ebaf mRNA in a number of normal tis-
sues including lung, kidney, ovary, liver, colon, rectum, spleen,
lymph node, pancreas, testis, and stomach (Fig. 2).

In situ hybridization confirmed the findings of Northern
blot analysis. Sections of late secretory endometria exhibited
hybridization signals with the antisense ebaf RNA probe in the
stroma. Within stroma, the mRNA expression was confined to
predecidualized stromal cells in the upper layers of en-
dometrium underlying the surface epithelium (Fig. 3, A and
B). In the same endometria, the stroma in the basal part of the
endometrium overlying the myometrium failed to exhibit evi-
dence of mRNA expression (data not shown). In these en-
dometria, with exception of a few glands located near the sur-
face epithelium, virtually no ebaf mRNA expression could be
identified in the epithelial cells. On the other hand, sections of
late proliferative endometria failed to show any hybridization
signal with the antisense ebaf RNA probe (Fig. 3, C and D).
Endothelial cells (arrows, Fig. 3, A-D) did not exhibit hybrid-
ization signals with the antisense ebaf probe. All endometria
exhibited hybridization signals with a digoxygenin-labeled an-
tisense GAPDH RNA probe, but not with the sense ebaf RNA
probe (data not shown). This finding suggests that expression
of ebaf mRNA occurs primarily in stromal cells that have been
predecidualized. The Northern blot and in situ hybridization
data suggest that the expression of ebaf in the human endome-
trial stroma may be considered as part of the premenstrual/
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Table 1. The Extent of Identity and Similarity Between the
ebaf and Other Members of the TGF-f3 Superfamily

Name of gene % Identity % Similarity
ebaf 100 100
lefty 77 83
MIS 26 68
TGE-B, 25 65
BMP-7 25 64
TGF-B; 23 65
INH-B B chain 23 63
BMP-3 23 64
GDF-9 22 64
GDF-3 21 60
INH-B A chain 20 65

The deduced amino acid sequence of ebaf was aligned with the amino
acid sequences of various members of the TGF- superfamily using the
CLUSTAL program, and the percent identities and similarities were
calculated (32). Except for lefty, GDF-3, and GDF-9, all other se-
quences were from humans. ebaf, endometrial bleeding associated fac-
tor; MIS, mullerian inhibiting factor precursor; TGF-f3;, transforming
growth factor 3, precursor; BMP-7, bone morphogenetic protein-7 pre-
cursor; TGF-p;, transforming growth factor 3; precursor; INH-8 A, in-
hibin-B A chain precursor; GDF-9, growth differentiation factor-9;
GDF-3, growth differentiation factor-3.

menstrual molecular repertoire which is expressed before and
during menstrual shedding.

Expression of ebaf mRNA in endometria of patients with
endometrial bleeding. The findings suggested that the ebaf ex-
pression may be closely associated with endometrial bleeding.
To validate this hypothesis, endometria were obtained from a
group of patients with endometrial bleeding. Dating of these
endometria showed some to be in the proliferative phase, and
others to be in the secretory phase (Table I). In most patients,
organic lesions that could account for the endometrial bleed-
ing could not be found. In three patients, however, the en-
dometrial bleeding was associated with the presence of uterine
leiomyoma (Table I). The mRNA of ebaf was strongly ex-
pressed in endometria of these women (Fig. 4). Interestingly,
the expression of mRNA of ebaf was observed in endo-
metrium regardless of whether the bleeding endometrium was
in the proliferative, early, or midsecretory phases of the men-
strual cycle when no expression of the gene was expected.
These findings validate the hypothesis that endometrial bleed-
ing is associated with the expression of ebaf mRNA in human
endometrium.

Characterization of full-length ebaf cDNA. In view of these
findings, the clones containing the longest cDNAs of ebaf were
isolated from a placental library and sequenced (19). Within
the ebaf cDNA, a consensus polyadenylation signal was
present eight bases upstream from the poly-A tail (Fig. 5).
GenBank search revealed that the deduced amino acid se-
quence of ebaf shows a great amount of identity and similarity
with the known members of the TGF-B superfamily (Table II).
The predicted protein sequence of ebaf showed a strong ho-
mology to the mouse lefty/stra3 (24, 25). The deduced amino
acid sequence of ebaf protein is 77% identical and 83% similar
to lefty protein (Fig. 6). A motif search revealed that the pre-
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EALAFNWU®PU FLSGPIRIQCTIASETA ASILU®PMTIUV S I KE

GGAGGCAGGACCAGGCCCCAGGTGGTCAGCCTGCCCAACATGAGGGTGCAGAAGTGCAGCTGTGCCTCGGATGGGGCGCTCGTGCCAAGGAGG
G G R TR P QV YV S LPNMRYOQKT CSCASDGA ALV P RR

CTCCAGCATAGGCCCTGGTGTATCCATTGAGCCTCTAACTGAACGTGTGCATAAGAGGTGGTCTTAATGTAGGGCGTTAACTTTATACTTAGC
L @ H R P W C I H *

AAGTTACTCCATCCCAATTTAGTGCTCCTGTGTGACCTCGCCCTGTGTCCTTCCATTCCTGTCTTTCCCGTCCATCACCCATCCTAAGCACTT
ACGTGAGTAAATAATGCAGCTCAGATGCTGAGCTCTAGTAGGAAATGCTGGCATGCTGATTACAAGATACAGCTGAGCAATGCACACATTTTC
AGCTGGGAGTTTCTGTTCTCTGGCAAATTCTTCACTGAGTCTGGAACAATAATACCCTATGATTAGAACTGGGGAAACAGAACTGAATTGCTG
TGTTATATGAGGAATTAAAACCTTCAAATCTCTATTTCCCCCAAATACTGACCCATTCTGGACTTTTGTAAACATACCTAGGCCCCTGTTCCC
CTGAGAGGGTGCTAAGAGGAAGGATGAAGGGCT TCAGGCTGGGGGCAGTGGACAGGGAAT TGGGATACCTGGATTCTGGTTCTGACAGGGCCA
CAAGCTAGGATCTCTAACAAACGCAGAAGGCTTTGGCTCGTCATTTCCTCTTAAAAAAGGAGGAGCTGGGCTTCAGCTCTAAGAACTTCATTG
CCCTGGGGATCAGACAGCCCCTACCTACCCCTGCCCACTCCTCTGGAGACTGAGCCTTGCCCGTGCATATTTAGGTCATTTCCCACACTGTCT
TAGAGAACTTGTCACCAGAAACCACATGTATTTGCATGTTTTTTGTTAATTTAGCTAAAGCAATTGAATGTAGATACTCAGAAGAAATAAAAA

20

51

82

144

206

237

268

299

330

361

370

1954 ATGATGTT

Figure 5. Nucleotide and deduced amino acid sequences of ebaf. The nucleotide sequence of ebaf contained an open reading frame with an ini-
tial methionine codon that conformed to the Kozak consensus (GCACCATG) sequence (32). The potential signal peptide is underlined, the pu-
tative tetrabasic processing sites (RGKR and RHGR) are shown in bold, and the potential glycosylation site is circled (arrow). A consensus

polyadenylation signal (AATAAA) was present eight bases upstream from the poly-A tail of ebaf cDNA. The sequence was deposited in Gen-

Bank database under accession number; Bankit84646[1U81523.

dicted ebaf protein contains most of the cysteine residues
which are conserved among the TGF-B-related proteins (26),
and which are necessary for the formation of the cysteine knot
structure (27, 28) (Fig. 7). The ebaf sequence contains an addi-
tional cysteine residue, 12 amino acids upstream from the first
conserved cysteine residue. The only other family members
known to contain an additional cysteine residue are TGFs,
inhibins, and GDF-3 (26, 29). ebaf, similar to lefty, GDF-3/
Vgr2, and GDF-9, lacks the cysteine residue that is known to
form the intermolecular disulfide bond (29, 30). Therefore,
ebaf appears to be an additional member of the TGF-3 super-
family with an unpaired cysteine residue that may not exist as a
dimer. Nevertheless, it has been suggested that, in GDF-3 and
GDF-9 (which also lack such a cysteine residue) hydrophobic
contacts between the two monomer subunits may promote
dimer formation (26). Whereas the carboxy terminus of the

TGF-B family is usually CX1CX1, ebaf has a longer COOH-
terminal sequence, CX1CX19 (Fig. 5). In addition, the mem-
bers of the TGF-B superfamily are synthesized as prepropro-
teins, which are cleaved at RXXR site to release the mature
form of the protein. The predicted protein of ebaf exhibits two
such RXXR sites that are located at amino acid residues of 73-
76 and 131-134, respectively (Fig. 5). If one of these sequences
is the cleavage site, a mature protein of 294 and 236 amino ac-
ids should be produced. The deduced amino acid sequence of
lefty also contained two potential cleavage sites at amino acid
residues of 74-77 and 132-135 with mature proteins of 291 and
233 amino acids (24). In the case of lefty, the expression of the
protein in 293T cells led to formation of a nonsecretory, 42-kD
protein which is the size of the preproprotein (24). Expression
in BALB/3T3 cells, on the other hand, led to the release of
processed, 25- and 32-kD proteins in the conditioned media of
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MWPLWLCWALWVLPLAGPGAALTEEQLLASLLRQLQLSEVPVLDRADMEKLVIPAHVRAQ

lefty: MPFLWLCWALWALSLVSLREALTGEQILGSLLQQLQLDQPPVLDKADVEGMVIPSHVRTQ
*  kkkkkkkk k % Kkk kk Kk _Kkk Kkkk Khkkk Kk Kk _kkk kkk *

ebaf : YVVLLRR-DGDRSRGKRFSQSFREVAGRFLASEASTHLLVFGMEQRLPPNSELVQAVLRL
lefty: YVALLQHSHASRSRGKRFSQNLREVAGRFLVSETSTHLLVFGMEQRLPPNSELVQAVLRL
kk %% Khkhkkhkhkhkk _Khhkkkkhkkk %% KEAKKAKRKARAKRAKRAK A A AR AR Ak hhk
ebaf : FQEPVPQGALHRHGRLSPAAPKARVTVEWLV-RDDGSNRTSLIDSRLVSVHESGWKAFDV
lefty: FQEPVPRTALRRQKRLSPHSARARVTIEWLRFRDDGSNRTALIDSRLVSIHESGWKAFDV
khkkkk *k Kk, kkkk JHhKhd hkk khhkkkdkhkk hhkkkhhkk dhkkkhkhkhhkd
ebaf : TEAVNFWQOLSRPPEPLLVQVSVQOREHLGPLASGAHKLVRFASQGAPA-~GLGEPQLELH
lefty: TEAVNFWQQLSRPRQPLLLQVSVOREHLGPGTWSSHKLVRFAAQGTPDGKGQGEPQLELH
hhkkkhhhkhhhkhk  khk hhkkkkhkkkkk kkkkkkk X%k % * kkkkkkkk
ebaf : TLDLRDYGAQGDCDPEAPMTEGTRCCRQEMYIDLOGMKWAKNWVLEPPGFLAYECVGTCQ
lefty: TLDLKDYGAQGNCDPEAPVTEGTRCCRQEMYLDLOGMKWAENWILEPPGFLTYECVGSCL
hhkkk hhkhhkkh Khhkkhk khkkhkhhhkhhhkhkdk khhkhhhkhkd *k dhhkhkhhkkk hhkkkhkkx *
ebaf : QPPEALAFNWPFLGPRQCIASETASLPMIVSIKEGGRTRPQVVSLPNMRVOKCSCASDGA
lefty: QLPESLTSRWPFLGPRQCVASEMTSLPMIVSVKEGGRTRPQVVSLPNMRVQTCSCASDGA
* %% % khkhkkhkkkkhk *hkk khkhkhkk hhkhkhkhhkhhhkhkhhhhhkhh khkhkhhkkkk
ebaf : LVPRRLQHRPWCIH
lefty: LIPRRLQP-————-
*, kkkkk

Figure 6. Comparison of de-
duced amino acid sequence
of ebaf with lefty. The de-
duced amino acid sequence
of ebaf was aligned with the
amino acid sequence of lefty
by the CLUSTAL program
(33). Gaps were introduced
by the program for achieving
the best alignment. Identical
amino acids are shown by as-
terisks and conserved amino
acids by dots.

the cell cultures, corresponding to cleavage at the first and sec-
ond RXXR sites, respectively (24). Therefore, the processing
of the protein and cleavage in the first versus the second
RXXR site may be dependent on the cell type that expresses
the protein.

To verify that the endometrial ebaf is the same as that
found in the placenta, the cDNAs from several late secretory
endometria were amplified with a primer set (5' primer; TCA
GCG AGG TGC CCG TACT, 3' primer; AGT TCT TAG
AGC TGA AGC CC). The product amplified from these en-
dometria were of the expected size (1,600 base pairs). This
fragment was cloned. A stretch of 450 bases of this clone from

TGF, RQLYIDFRKDLGH-~KWIHEPKGYHANE
MIS RELSVDLRAE-~~-~ RSVLIPETYQAN
BMP-7 KKHELYVSFR-DLGH-QDWIIAPEGYRAY
INHBA bKKQFE‘\iSFK—DIGW—NDWIIAPSGYHAN
GDF-3 HOLFINFQ-DLGW-HKWVIAPKGFMEN
GDF-9 ELEDFRLSFS-QLKH-DNWIVAPHRYNPR
lefty QEMYLDLQ-GMKWAENWILEPPGLFTY
ebaf QEMYIDLQO-GMKWAKNWVLEPPGFLAY

FPLNSYMNATNHAIVQTL----~ VHFINPETVPK
SHIAG-TSGSSLSFHSTVINHYRMRGHSPFANLK

( FSMTTYLNSSNYAFMQAL-----! MHMADPK-VPK?
RAVRHRYGSPVHTMVQNII--Y~--EKLDP-SVPR

base 189 to 639 was sequenced using the following primers: (5'
TCA GCG AGG TGC CCG TACT 3,5 TCA CGT CGA
AGG CCT TC 3’ and 5" TCA GGG TCA CAG TCG CCC
3"). The sequence of this region was identical to the sequence
in the same region of the placental cDNA.

Chromosomal localization of ebaf gene. For chromosomal
localization of the ebaf gene, 48 metaphase spreads were ana-
lyzed for the presence of FITC-labeled fluorescent signals.
Specific hybridization spots on the long arm of chromosome 1s
were found in 43 metaphases. The majority of these meta-
phases (> 75%) have revealed two signals on each chromo-
some (one signal on each chromatid) (Fig. 8). High-resolution

PQALEPLPIVYYVGRKPKV-EQL-~-SNMIVRS!

PTAYAG-KLLISLSEERISAHHV---PNMVATE

PTQLNAISVLYFDDSSNVILKKY---RNMVVRA

PTKLRPMSMLYYDDGONIIKKDI~--QNMIVEE

PTKLSPISMLYQDSDKNVILRHY---EDMVVDE!
PGKYSPLSVLTIEPDGSIAYKEY---EDMIATR

CVASEMTSLPMIVSVKEGGRTRPQVVSLPNMRVQT

CIASETASLPMIVSIKEGGRTRPQVVSLPNMRVQ

Figure 7. Comparison of the deduced amino acid sequence of ebaf and those of other members of the TGF- superfamily. The sequences of the
human transforming growth factor (TGF)-B, precursor, mullerian inhibiting factor precursor (MIS), bone morphogenetic protein (BMP)-7, in-
hibin-B A chain precursor (INH-BA) and the sequences of the mouse growth differentiation factor (GDF)-3, GDF-9, and lefty were aligned by
the CLUSTAL program (33) with the sequence of the ebaf to show the conserved cysteine residues (boxed). Gaps were introduced by the pro-

gram for achieving the best alignment.
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Figure 8. Chromosomal localization of ebaf. Partial karyotype of
G-banded chromosome 1 is shown along with the same chromosome
hybridized with FITC-labeled ebaf cDNA, indicating that this gene is
mapped at 1q42.1 (arrowhead). Ideogram of the long arm of human
chromosome 1 (G-banding at 550 bands level) shows the precise loca-
tion of ebaf gene (arrowhead).

G-banding of chromosome 1s and the same chromosomes hy-
bridized with FITC-labeled ebaf gene were compared to deter-
mine the location of the hybridization signals. Fig. 7 shows the
physical mapping of FITC-labeled ebaf gene to the long arm of
chromosome 1. A schematic diagram of the high-resolution
G-banded chromosome 1q (550 bands) shows the precise loca-
tion of the ebaf gene on chromosome 1, at band q42.1 (Fig. 8).

In addition to the sequence similarity, ebaf and lefty share
several other features. In situ hybridization revealed that the
transient expression of ebaf was primarily confined to the mes-
enchymal cells of the endometrial stroma rather than the epi-
thelium or endothelium. The lefty mRNA was also transiently
expressed in the mesoderm in the left half of the gastrulating
mouse embryo just before the first sign of lateral symmetry ap-
peared (24). ebaf gene is located on human chromosome 1.
Similarly, the location of the lefty has been provisionally as-
signed to chromosome 1 (24). Taken together, the available
data show that ebafis a new member of the TGF-8 superfam-
ily. In view of chromosomal localization, great homology in the
cDNA, and the predicted protein sequences and other struc-
tural features, ebaf may represent the human homolog of
mouse lefty.

Steroid hormones are the systemic signals whose with-
drawal leads to endometrial bleeding and tissue shedding. On
the other hand, ebaf may be a member of the family of genes
that locally participates in the expression of these characteris-
tic attributes of human endometrium. Recent evidence sug-
gests that expression of certain members of matrix metallopro-
tease family (MMP) that degrade extracellular matrix appears
at defined and distinct time periods during menstrual bleeding
(31, for a recent review see reference 4). These findings sup-
port the viewpoint that specific genes exist in human en-
dometrium that locally regulate the processes leading to en-
dometrial bleeding. ebaf may be a component of the molecular
repertoire that locally participates in normal menstrual as well
as abnormal endometrial bleeding.
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