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Expression of Estrogen Receptors o and § in Human

Osteoblasts: Identification of Exon-2 Deletion Variant of

Estrogen Receptor B in Postmenopausal Women
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Background: Postmenopausal osteoporosis is associated with estrogen deficiency.

Methods:

Results:

Conclusion:

Estrogens have effects on bone metabolism, which are mediated by estrogen
receptors (ERs). If estrogen responsiveness is related to the ER expression
level, ER expression in postmenopausal women should be different from pre-
vious studies using osteoblast lineage. We investigated the expression of
variant isoforms of ER messenger ribonucleic acid (mRNA) in osteoblasts
(OB) from postmenopausal women and a human osteosarcoma cell line, MG
63.

Osteoblast cultures were prepared from the upper femur of postmenopausal
patients or MG 63. For OB cultures at 5, 10, 15, 20, and 25 days, the expres-
sions of ERo and B mRNA were examined using reverse transcriptase-poly-
merase chain reaction.

In MG 63, ERB mRNA was constantly and highly expressed during the
25-day culture, whereas ERo. mRNA was barely detected. In the primary OB
cells, both ERo and  mRNA were transcribed during the 25-day culture, but
expression of ERoo mRNA was much stronger than that of ERf mRNA. A
splice variant form of ERP mRNA that was missing the entire exon 2 (ER
A?2) was detected and heterogeneously expressed in OB cultures from 16
postmenopausal women.

Differential expressions of these ER isoforms suggest that they may have dif-
ferent functions or that they interact with each other during bone metabolism.
The different ratio of ERP to ERB A2 mRNA or ERa to ERp mRNA expres-
sions in osteoblast cultures may be related to different bone conditions.
Whether the presence of ERBA 2 in postmenopausal women influences the
biological properties of bone needs to be determined.

(Chang Gung Med J 2004;27:107-15)

Key words: human osteoblast, postmenopausal women, ERo. mRNA, ERB mRNA, exon 2
deletion of ERP mRNA.

It has been well established that estrogen deficiency
is associated with bone loss in postmenopausal

107

women, and these changes can be entirely prevented
using estrogen replacement therapy.'? In experi-
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mental studies,”¥ estrogen inhibited the synthesis
and secretion of certain cytokines, namely inter-
leukin-1, tumor necrosis factor-c, and interleukin-6,
by osteoblasts. These cytokines stimulated bone
resorption by increasing osteoclastic activity.
Osteoblast exposure to estrogen also resulted in
increased cellular proliferation, as well as the secre-
tion of alkaline phosphatase, which is associated
with an increase in bone formation.? However, the
effects of estrogens on bone metabolism is still hypo-
thetical. It has been suggested that estrogens
decreased bone resorption by directly inhibiting lyso-
somal enzyme production in osteoclasts and by
decreasing the synthesis of osteoclast-stimulating
cytokines in osteoblasts. Therefore, estrogens are
important for maintaining skeletal structure and
skeletal remodeling in women.

Estrogen exerts its effects on target cells by
interacting with specific estrogen receptors (ERs).
Following the cloning of ERa in 1986,“ ERfB was
cloned initially from rodent tissues and later from
human tissues.“® This finding has raised the ques-
tion of the relative importance that estrogen receptor
subtypes have in different target tissues. ERo and
ERp have almost identical deoxyribonucleic acid
(DNA)-binding domains, and in vitro studies have
demonstrated that the two receptors have similar
affinities for estrogenic compounds.” Since the
amino acid sequence of ERP differs from that of
ERa in the N- and C-terminal trans-activating
regions, the transcriptional activation mediated by
ER[ may be distinct from that of ERo.."” Recently,
various alternative specie forms of messenger
ribonucleic acid (mRNA) were found in both human
ERa and ERP genes, including 20 different variants
for ERo and 10 different variants for ERB mRNAs
that have deletions in various combinations of
exons.""'® Poola et al. identified 10 exon deleted
ERP mRNAs in the human ovary, breast, uterus and
bone tissues in which alternate splicing patterns of
ER mRNA were distinct from that of ERa.."»

Estrogen receptors are present in low numbers
in osteoblasts in vitro.*? ERa has been reported to
express in murine,"® rat,"> and human osteosarcoma
cell lines,"*' as well as in cultured human
osteoblast-like cells.?®> ER[ has also been detected
in rat osteoblasts, a rat osteosarcoma cell line (ROS
17/2.8), and cancellous and cortical bone from 8-
week-old rats,?" as well as in a human osteoblast cell
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line, SV-HFO.®» Although, as aforementioned, the
low numbers of estrogen receptors in osteoblasts in
vitro and the effects of estrogen on cells of osteoblast
lineage have been demonstrated, it is still unclear
whether these effects are mediated by ERa,, ERp, or
both receptor subtypes. The aims of this study were
two fold. First, we characterized the differential
expressions of ERo and ERB mRNA in both human
osteoblast cell lines and primary cultures using
reverse transcriptase-polymerase chain reaction (RT-
PCR) during the 25-day culture period. Next, we
demonstrated exon 2 deletion variants of ERB (ER
AE2) in human osteoblast primary cultures.

METHODS

Culture of primary human osteoblast-like cells
and established human osteosarcoma cell lines

Human primary osteoblast-like cells (hOB cells)
were obtained from the upper femur of female
patients undergoing bipolar endoprosthesis arthro-
plasty for a fracture neck of the femur, which
occurred after menopause. All patients were post-
menopausal and aged 60 to 74 years. None of them
had received any medication, including hormone
replacement therapy, which may have influenced
bone metabolism. This study was approved by the
Ethical Medicine Committee of our hospital and sup-
ported by the National Science Council (Taiwan,
R.O.C)).

First, connective tissue was carefully dissected
from the bone fragments, which were then extensive-
ly washed with phosphate-buffered saline, diced into
small pieces (3-5 mm in diameter) with a scalpel,
and subjected to a 2-hour digestion at 37°C in a shak-
ing water bath with crude bacterial collagenase at
1 mg/mL in Dulbecco's modified Eagle's medium
(DMEM; Gibco, Grand Island, NY, USA). The frag-
ments were then seeded into 75-cm? culture flasks
and cultured in a calcium-free, phenol red-free medi-
um (Gibco) consisting of a 1:1 mixture of penicillin
and streptomycin (100 U/ml and 100 pg/ml; Gibco).
We replaced the medium with an equal volume
(10 ml) of fresh medium every week the first
2 weeks, and then twice weekly thereafter. In all cul-
tures, at least 60% of the cells showed intense stain-
ing for alkaline phosphatase activity.

A human osteosarcoma cell line (MG-63) and
passage primary hOB cells were cultured in DMEM,
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at a 1:1 ratio, with the addition of 10% fetal calf
serum (Gibco), penicillin (100 U/ml; Gibco), strepto-
mycin (100 pg/ml; Gibco), L-glutamine (2 mmol/l;
Gibco), and L-ascorbic acid (100 mg/l; Sigma, St.
Louis, Mo, USA), in a humidified, 5% CO: atmos-
phere at 37°C.

RT-PCR analysis of osteoblastic cells

Total RNA was isolated from cells using the sin-
gle-step guanidinium thiocyanate-phenol-chloroform
procedure described previously by Chomczynski and
Sacchi® and quantified spectrophotometrically at
260 nm. One microgram of total RNA was reverse
transcribed (RT) into single-strand cDNA using
Moloney murine leukemia virus (MMLV) reverse
transcriptase (Epicentre Tech., Madison, Wis, USA)
with 2.5 uM oligo (dT):s as the primer. The RT reac-
tion was carried out for 90 min at 37°C in 1X
MMLV-RT buffer, 10 mM DTT, and 2.5 mM dNTP.
The single-strand cDNA was split into two aliquots,
which were PCR-amplified each in 50-ul reactions
with primers as follows:
ERa (forward) 5'-AATTCAGATAATCGACGCCAG-3'
ERao (reverse) 5'-GTGTTTCAACATTCTCCCTCCTC-3'
ERP (forward) 5'-TAGTGGTCCATCGCCAGTTAT-3'
ER (reverse) 5'-GGGAGCCACACTTCACCAT-3'
B-actin (forward) 5'-CTGGCACCACACCTTCT-3'
B-actin (reverse) 5'-GCTCGAAGTCCAGGGCG-3'

PCR amplifications were carried out with 2 U/ul
Taq DNA polymerase (Promega, Madison, Wis,
USA), 0.6 uM of each primer, and 0.5 mM dNTP
with a cycle profile of 94°C (denaturing) for 30 s,
60°C (annealing) for 30 s, and 72°C (elongation) for
30 s. Both ERa and ERB were PCR-amplified for
35 cycles and B-actin was PCR-amplified for 25
cycles to ensure that the PCR reaction was carried
out in the linear portions of the PCR amplification.
Therefore, 345-bp, 393-bp, and 419-bp fragments
were obtained using primers for ER o, ER B, and -
actin, respectively. PCR products were separated
using electrophoresis on a 1.5% agarose gel and
visualized with ethydium bromide staining.

To construct internal standards for ERo and
ERP PCR reactions, pairs of gene-specific primers
(as described above) were inserted into pBluescript
SK-plasmid at Pvull sites (nt 532 and 977).
Therefore, 498-bp and 490-bp fragments were
obtained using ERa- and ERB-specific primers,
respectively.
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RESULTS

Expression of wild type ERo and ER3 mRNA
in human osteoblastic cells

In this study, the expression of ER mRNA was
monitored in MG 63 human osteosarcoma cells and
in primary human osteoblast-like cells cultured for
various time periods. To make a more accurate esti-
mation of ER mRNA expression in cells at different
growth stages, a fixed amount of internal standard
constructed for ERo. (ISot) or ERB (ISP) was added
to every amplification reaction to serve as the basis
for quantifying the level of ER mRNA using RT-
PCR. Under a near-constant level of ISP, a signifi-
cant amount of a 393-bp fragment of ER} cDNA
was obtained from the osteosarcoma cells cultured
for 5 to 25 days, indicating a constitutive ER[}
mRNA expression that was independent of cell
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Fig. 1 RT-PCR analysis of ERo and ER} mRNA expression
in the human osteosarcoma cell line, MG63. Total RNA (1
ug) isolated from MG63 cells at the indicated time period in
the culture was reverse-transcribed, and a 35-cycle PCR was
performed using gene-specific primers for ERo (A) or ERf
(B). Each PCR mixture contained a pBluescript SK plasmid
(0.1 ng) carrying the constructed internal standard for ERo. or
ERP (ISa and ISP). The efficiency of RNA isolation was
determined using RT-PCR reaction of the house keeping gene
B-actin (C). The amplified products were analyzed using
1.5% agarose gel electrophoresis and ethidium bromide stain-
ing. The expected PCR products, 345-bp, 393-bp, and 419-bp
fragments obtained using primers for ER o, ER B, and
[B-actin, are indicated by the solid lines.



growth. In contrast, ERoc mRNA was not detected in
the MG 63 osteosarcoma cells during the 25-day
culture (Fig. 1). The ERoc mRNA was still barely
detectable when even 3 pg RNA was used for RT-
PCR (data not shown).

Compared with the MG 63 osteosarcoma cells, a
different pattern of ER mRNA expression was found
in primary osteoblast-like cells isolated from the
upper femur of postmenopausal women. As revealed
using RT-PCR, we detected a constant level of ERo
mRNA in the primary cultured osteoblast-like cells
throughout the 25-day period, while a very low level
of ERP mRNA was observed in these cells (Fig. 2).
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Fig. 2 RT-PCR analysis of ERo and ER} mRNA expression
in primary osteoblast-like cells taken from the femur of a
postmenopausal woman, Subject 44. Total RNA (1 pg) isolat-
ed from primary cultured cells at the indicated time period
was reverse-transcribed, and a 35-cycle PCR was performed
using gene-specific primers for ERo (A) or ERB (B). Each
PCR mixture contained a pBluescript SK plasmid (0.1 ng)
carrying the constructed internal standard for ERo or ERB
(ISo. and ISP). The efficiency of RNA isolation was deter-
mined using the RT-PCR reaction of the house keeping gene
B-actin (C). The amplified products were analyzed using
1.5% agarose gel electrophoresis and ethidium bromide stain-
ing. The expected PCR products, 345-bp, 393-bp, and 419-bp
fragments obtained using primers for ER o, ER [, and [-
actin, are indicated by the solid lines.
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M N23 N34

ERB
ERBAE2
ERB 684 TAGTGGTCCATCGCCAGTTATCACATCTGTATGCG 718
i
ERBA2 TAGTGGTCCATCGCCAGTTATCACATCTGTATGCG

ERB 719 GAACCTCAAAAGAGTCCCTGGTGTGAAGCAAGATCGCTAGAACACACCTT 768

AR AR AR AR AR AT
ERBA2  GAACCTCAAAAGAGTCCCTGGTGTGAAGCAAGATCGCTAGAACACACCTT

ERB 769 ACCTGTAAACAGAGAGACACTGAAAAGGAAGGTTAGTGGGAACCGTTGCG 818

i
ERBA2  ACCTGTAAACAB. . ... ..eeeeeenenanananineeenss

ERB 819 CCAGCCCTGTTACTGGTCCAGGTTCAAAGAGGGATGCTCACTTCTGCGCT 868
ERBAZ eoenntee e ettt e e

ERB 869 GTCTGCAGCGATTACGCATCGGGATATCACTATGGAGTCTGGTCGTGTGA 918
ERBAZ ottt e e et e e

ERS 919 AGBATGTAAGGCCTTTTTTAAAAGAAGCATTCAAGGACATAATGATTATA 968
THLLELETTH
ERBAZ  «ovoeeneee et ACATTIRTRRTTATA

ERB 969 TTTGTCCAGCTACAAATCAGTGTACAATCGATAAAAACCGGCGCAAGAGC 1018

|
ERpA2  TTTGTCCAGCTACAAATCAGTGTACAATCGATAAAAACCGGCGCAAGAGC

ERB 1019 TGCCAGGCCTGCCGACTTCGGAAGTGTTACGAAGTGGGAATGGTGAAGTG 1068

|
ERpA2  TGCCAGGCCTGCCGACTTCGGAAGTGTTACGAAGTGEGAATGGTGAAGTG

ERB 1069 TGGCTCCC 1076

I
ERBA2  TGGCTCCC

Fig. 3 Detection of a 173-bp truncated form of ERp mRNA
(ERBA2) in primary human osteoblast-like cells. (A)
Heterogeneous expressions of the truncated mRNA in differ-
ent human subjects as detected using RT-PCR. The amplified
products were analyzed using 1.5% agarose gel electrophore-
sis and ethidium bromide staining. (B) Nucleotide sequence
comparison between the 220- and 393-bp PCR products. The
truncated173 nucleotides are labeled as dots. The correspond-
ing positions of ERB ¢cDNA (GeneBank Accession number
NM 001437) are indicated in numbers. The stop codons gen-
erated by exon 2 deletion are labeled in the black box.
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Detection and characterization of exon 2-delet-
ed ERP mRNA variants in human osteoblastic
cells

In addition to the wild type ER} mRNA, a num-
ber of variant splicing forms of ER} mRNA were
found in human tissues.""' Here, a low level of a
variant splicing form of ERf mRNA that generated a
220-bp cDNA fragment was detected in the primary
osteoblast-like cells derived from 16 postmenopausal
women. As shown using a representative agarose
gel, the ERP variant was predominantly expressed in
subject N23, but the same type of bone cells in sub-
ject N34 produced both the wild type and the variant
forms of ERP mRNA (Fig. 3A). Nucleotide sequence

comparison revealed that the 220-bp PCR product
was the result of a 173-bp exon 2 deletion from the
393-bp product (Fig. 3B and 4). Owing to the
appearance of an early stop codon generated after the
exon 2 deletion, this exon 2-deleted ERB mRNA
would encode only a 122-a.a peptide at the N-termi-
nal region of wild-type ERP (Fig. 4B), resulting in
the production of immature ERB. A similar exon 2
deletion form of ERB mRNA was occasionally found
in the cultured MG 63 osteosarcoma cells (data not
shown). However, the exon 2 deletion form of ER[3
mRNA was not detected in some human primary
osteoblast cells (Fig. 2).

ER-beta exonl exon3 | exon4 exon5 | exon6 | exon7 | exon8
1 362 p63 536536 652653 957953 10971092 12251226 14061407 15

ERBA2 exonl exon3 exon4 exon5 exon6 exon7 exon8

ERB 1  MDIKNSPSSL NSPSSYNCSQ SILPLEHGSI YIPSSYVDSH HEYPAMTEYS

ERBA2 1  MDIKNSPSSL NSPSSYNCSQ SILPLEHGST YIPSSYVDSH HEYPAMTFYS

ERB 51 PAVMNYSIPS NVTNLEGGPG RQTTSPNVLW PTPGHLSPLV VHRQLSHLYA

ERBA2 51 PAVMNYSIPS NVINLEGGPG RQTTSPNVLW PTPGHLSPLV VHRQLSHLYA

ERB 101 EPQKSPWCEA RSLEHTLPVN RETLKRKVSG NRCASPVTGP GSKRDAHFCA

ERBA2 101 EPQKSPWCEA RSLEHTLPVN RT**

ERB 151 VCSDYASGYH YGVWSCEGCK AFFKRSTQGH NDYICPATNQ CTIDKNRRKS

ERB 201 CQACRLRKCY EVGMVKCGSR RERCGYRLVR RQRSADEQLH CAGKAKRSGG

ERB 251 HAPRVRELLL DALSPEQLVL TLLEAEPPHV LISRPSAPFT EASMMMSLTK

ERB 301 LADKELVHMI SWAKKIPGEV ELSLEDQVRL LESCWMEVIM MGLMWRSIDH

ERB 351 PGRLIFAPDL VLDRDEGKCV EGILEIFDML LATTSRFREL KLOHKEYLCV

ERB 401 KAMILLNSSM YPLVTATQDA DSSRKLAHLL NAVTDALVWV IAKSGISSQQ

ERB 451 QSMRIANLLM LLSHVRHASN KGMEHLLNMK CKNVVPVYDL LLEMLNAHVL

ERB 501 RGCKSSITGS ECSPAEDSKS KEGSQNPQSQ

Fig. 4 The translated amino acid sequences of ERP} and ERBA 2. (A) Sequence comparison indicates that the deleted nucleotide
sequence is located at exon 2 of the ERP gene. (B) The exon 2-truncated form of ERB mRNA encodes only a polypeptide of 122
amino acids due to the presence of two early stop codons generated after the exon 2 deletion. The regions of zinc finger DNA bind-
ing domain (amino acids 147-216) and ligand binding domain (amino acids 303-460) are underlined.
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DISCUSSION

In the present study, we examined the expres-
sion of ERo and ERP in primary cultured hOB cells
and a human osteosarcoma cell line (MG 63).
During the 25-day culture period, the strength of
expression of ERo and ERP mRNA differed between
the human osteosarcoma cell lines (MG 63) and the
primary hOB cells. The presence of ER mRNA in
human osteoblastic cells indicates that bone is a tar-
get for estrogen. In addition, we have, for the first
time, demonstrated the presence of an ERP exon 2
deletion in human osteoblastic cells. We also found
that the strength of expression of the ER[} exon 2
deletion differed between human osteosarcoma cell
lines and primary hOB cells, as well as between pri-
mary hOB cells from different subjects. It remains
to be determined whether the expression of these iso-
forms may influence the biological properties of
bone.

Previous studies have indicated the physiologi-
cal importance of ERa in humans. Estrogen resis-
tance due to a point mutation in the ERa gene was
reported in a 28-year-old male.?¥ This patient had
increased bone turnover and osteopenia, indicating
that ERa was important for normal bone remodeling
in humans. Similar effects have also been described
in patients deficient in estrogen due to failure of the
aromatase enzyme to convert testosterone into estro-
gen.” In cultured rat calvarial-derived osteoblasts,
Bodine et al.?® also found that expression of ERo
mRNA correlated with progressive osteoblast differ-
entiation and may be a contributing factor to the dif-
ferential regulation of bone cell gene expression by
17B-E2. From the aforementioned studies, similar
effects between the ERot mutation in humans and
aromatase deficiency, as well as the expression of
ERo. mRNA in cultures of rat osteoblasts, suggest
that ERo is important for normal bone metabolism in
humans. However, this does not rule out a functional
role for ERP, because it has been speculated that the
ratio between ERa and ERP determines the down-
stream activities of estrogens in target tissues.?*” In
recent reports, ERo. and ERP} were demonstrated
using RT-PCR in primary rat osteoblastic cells and
rat osteosarcoma cells (ROS 17/2.8),%" as well as in
the human osteosarcoma cell lines SV-HFO.®
Using RT-PCR, we confirmed that a human osteosar-
coma cell line (MG-63) and primary hOB cells
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express ERo. and ERB mRNA. These findings point
out that ERow might not be the sole mediator of the
estrogen response in bone. ERP may by itself or in
association with ERa also be involved in this
process.

As with studies of rat osteosarcoma cells (ROS
17/2.8)?" and the human osteosarcoma cell lines SV-
HFO,® in the present study, we demonstrates that
ERo and ERPB were differentially expressed during
human osteoblast differentiation. It appears that the
ERPB mRNA exhibited higher levels of transcription
in the cultured MG 63 osteosarcoma cells than the
ERa mRNA during the 25-day culture period.
However, the expression of ERo and ERP greatly
differed in the primary hOB cells, in which the ERa
mRNA expression was more prominent than in
human osteosarcoma cell line (MG-63) culture.
Since primary hOB cells were obtained from the
femoral neck of postmenopausal women, it is possi-
ble that aging was associated with the alterations in
the levels or functioning of ER in the bone. The
results were compatible with the study of Ankrom et
al.,®» in which it was demonstrated that ERo levels
in osteoblast-like cells were up-regulated by an age-
dependent decrease in estrogen. Age-associated
diminution of signal transduction might therefore be
a likely mechanism to explain our observation, in
which the increase in ERot mRNA levels might be a
consequence of a decreased ER response reflecting a
compensatory mechanism of the cells. Furthermore,
we demonstrated that the primary hOB cell culture
exhibited much lower level of ERp mRNA transcrip-
tion than the MG-63 osteosarcoma cell line did.
However, since the number of postmenopausal
women in this study was small, we still could not
demonstrate that the expression of ERpB exon 2 dele-
tion mRNA was related to the age or menopausal
period of postmenopausal women. In addition to the
consideration of aging factors in primary hOB cells,
characteristics of osteosarcoma cell lines might not
represent actual osteoblast differentiation.
Differential expressions of ERo. and ERB mRNA
during osteoblastic differentiation suggest the possi-
bility that ERae and ER3 may act in conjunction with
each other.

As shown by Shupnik et al.”” and Poola et al.,"™
most of the estrogen-responsive tissues also
expressed a number of ERs that had deletions in the
portions of the molecules in addition to ERo and
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ERp. For human osteoblast cells, we are the first to
identify ER exon 2 deletion mRNA co-expressed
with wild-type ERa and ERp mRNA. Although
there has been a debate for a long time whether the
ER splice variant mRNAs are translated into proteins
and the truncated ERs are functionally active, recent
reports have shown that both ERo and ER splice
variant mRNAs are translated into proteins.®**?
Therefore, in human osteoblast cells, deletion of
exon 2 in ERB mRNA may cause a frame shift muta-
tion resulting in premature termination of translation.
The biological activity of this severely truncated pro-
tein from the exon 2-deleted mRNA, if any, is diffi-
cult to predict. Further evaluation is needed to deter-
mine whether the presence of exon 2-deleted ERP
mRNA affects the activity of ER. In the present
study, differences in the expression of ER isoforms
in primary human osteoblast cells from various post-
menopausal women, as well as in an osteosarcoma
cell line, were noted. Thus it remains to be estab-
lished whether the biologic effects of differential
expression of types and relative levels of various ER
isoforms occur during differentiation of various
human osteoblast cells.

In conclusion, this study provides evidence for
the presence of ERo and ER[, as well as the ER]
exon 2 deletion, in human bone cells. Differential
expressions of these ER isoforms suggest that they
may have different functions or that they interact
with each other. In addition, the strength of expres-
sion of these ER isoforms may be related to age and
bone cell conditions. Further evaluation is needed to
determine whether different expression of these ER
isoforms in osteoblast differentiation influenced the
response to estrogen.
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