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Abstract This laboratory has previously identified a novel TGF-B inducible early gene (TIEG) in human
osteoblasts [Subramaniam et al. (1995): Nucleic Acids Res 23:4907-4912]. Using TIEG specific polyclonal antibody
and immunoprecipitation methods in normal human fetal osteoblast cells (hnFOB cells), we have now demonstrated that
TIEG encodes a 72-kDa protein whose levels are transiently increased at as early as 2 h of TGF-f treatment. Polarized
confocal microscopic analysis of hFOB cells shows a nuclear localized TIEG protein in untreated cells under the
conditions described under Methods. Interestingly, the levels of TIEG protein in the nuclei increase when the cells are
treated with TGF-B, for 2 h. In contrast, similar analyses of untreated human keratinocytes show a cytoplasmic localized
TIEG protein that appears to be translocated to the nucleus after H,O, treatment. Additional immunohistochemical
studies have demonstrated that TIEG protein is expressed in epithelial cells of the placenta, breast, and pancreas, as well
as in osteoblast cells of bone and selected other cells of the bone marrow and cerebellum with some cells showing a
cytoplasmic localization and others a nuclear localization. All cells of the kidney display negative staining for this
protein. Interestingly, a stage specific expression of TIEG protein is found in a dozen breast cancer biopsies, using
immunohistochemistry. The cells in normal breast epithelium displays a high expression of TIEG protein, those in the in
situ carcinoma display less than one-half of the levels, and those in the invasive carcinoma show a complete absence of
the TIEG protein. TIEG has been localized to chromosome 8g22.2 locus, the same locus as the genes involved in
osteopetrosis and acute myeloid leukemia and close to the c-myc gene locus and a locus of high polymorphism in
cancer biopsies. The correlation between the levels of TIEG protein and the stage of breast cancer, its prime location in
human chromosome 8¢22.2, and past studies with pancreatic carcinoma, suggests that TIEG may play a role in tumor
suppressor gene activities, apoptosis, or some other regulatory function of cell cycle regulation. J. Cell. Biochem.
68:226-236,1998.  © 1998 Wiley-Liss, Inc.
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The transcription factors are categorized into
different classes, depending on their structural
motifs. One such structural motif gaining much
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recent attention is the “zinc finger”-containing
transcription factors. The zinc finger-contain-
ing motifs were first identified in xenopus tran-
scription factor TFIIIA[Miller et al., 1985]. The
well-characterized zinc finger-containing tran-
scription factor genes are SP-1 [Mermod et al.,
1989], Wilms’ tumor [Call et al., 1990; Gessler
et al., 1990], Egr-1 [Sukhatme et al., 1988],
steroid hormone receptor family [Evans, 1988],
and zZif 268 [Christy et al., 1988]. These zinc
finger proteins have been shown to be involved
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in the transcription of other genes. The c-Krox
gene, a mouse homologue of the Drosophila
Kruppel segmentation gene, is known to regu-
late the a1(l) collagen gene [Galeraet al., 1994].
The NGFI-C, a nerve growth factor-induced
early response, gene is induced within minutes
after the nerve growth factor treatmentin PC12
cells [Crosby et al., 1991]. This gene is also
induced in brain after a metrazol-induced sei-
zure.

Another member of the zinc finger transcrip-
tion factor gene, growth factor independence-1
(Gfi-1), is activated by provirus integration in
T-cell lymphoma cell lines selected for interleu-
kin independence in culture [Zweidler-McKay
et al., 1996]. The zinc finger binding protein of
the serum response element in the c-fos gene
(SRE-ZBP) is another member of the zinc finger
transcription factor family and might play an
important role in the positive and negative
regulation of this gene [Attar and Gilman, 1992].
One member of the Krox gene family, Krox-20,
is a growth factor-induced early gene known to
be involved in the Gy/G; transition of the cell
cycle [Chavrier et al., 1988]. Mouse Krox-20
gene knockout studies have demonstrated that
the animals develop skeletal abnormalities in
the newly formed bone and a drastic reduction
of calcified trabeculae and severe porosity and
hind brain abnormalities [Levi et al., 1996].

Recent studies in our laboratory have identi-
fied a novel TGF-B inducible early gene (TIEG)
in human osteoblasts [Subramaniam et al.,
1995]. This gene encodes a 480-amino acid pro-
tein and contains three zinc finger motifs at the
C-terminal end. The zinc finger region of this
gene shows homology to known three zinc fin-
ger containing transcription factor family of
genes, e.g., SP-1, BTEB, and Wilms' tumor.
This laboratory has reported that the mRNA
steady state level for this gene is induced as
early as 30 min after TGF-B treatment in hu-
man osteoblasts, with a maximal induction at
1-2 h [Subramaniam et al., 1995]. This induc-
tion displays a growth factor specificity in osteo-
blasts, with TGF-8, BMP-2, and EGF as the
major inducers, while other growth factors and
cytokines show a minimal effect. The induction
of TIEG mRNA levels occurs at the level of
transcription and is independent of protein syn-
thesis. The mRNA steady-state levels are shown
to be high in several whole human organs (heart,
liver, muscle, placenta, pancreas) but low in
others (kidney, brain, lung). In this paper, we

use a new PAD to the TIEG protein for immuno-
histochemistry, immunoprecipitation, and im-
munofluorescence confocal microscopy in order
to determine basal expression of TIEG in spe-
cific human tissues and cell types, the size of
the TIEG protein, its intracellular location, and
the chromosome location of the gene.

METHODS
Preparation of Anti-TIEG Polyclonal Antibody

Since the primary structure of TIEG protein
is known, the amino acids spanning 134-154
were synthesized in our institutional Protein
Core Facility. The peptides were KLH conju-
gated and sent to Cocalico Biologicals (Reams-
town, PA) to synthesize a polyclonal antibody
(TIEG-228). Epitope purification of TIEG anti-
body was performed. In brief, PAb TIEG-228
was centrifuged at 3,000g for 30 min at 4°C. To
the supernatant was added an equal volume of
saturated ammonium sulfate in phosphate-
buffered saline (PBS), pH 8.0, stirred for 6 h at
4°C. The solution was centrifuged at 3,000g for
30 min, the pellet was resuspended in TBS and
dialyzed for 18 h with several changes of TBS
buffer. The dialyzed protein was allowed to bind
to a TIEG peptide-coupled Sepharose 4B col-
umn. The 1gG was eluted from the column
using 3.0 M sodium thiocyanate, 20 mM Tris,
pH 7.6, 1.0 M sodium chloride. The eluate was
dialyzed against several changes of 50 mM am-
monium bicarbonate for 18-20 h at 4°C. The
dialyzed antibody was lyophilized and reconsti-
tuted in PBS. The purified antibody was used in
the immunoprecipitation and immunohisto-
chemical studies.

In Vitro Translation of TIEG Protein

The coding region for TIEG cDNA was poly-
merase chain reaction (PCR) amplified using a
specific 5" and 3’ primers to the cDNA. The
5’-primer was incorporated with a T7 phage
promoter sequence, so that when transcribed,
this should generate a sense transcript. The in
vitro transcription, capping of RNA, and in
vitro translation of TIEG protein was per-
formed using the procedure as described in
protocols and application guide from Promega
(Madison, WI). In brief, the transcription reac-
tion contained the following: 5X transcription
buffer, 100 mM DTT, ribonuclease inhibitor, 10
mM rNTP mix, 5 mM mG(5')PPP(5')G, DNA
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template (1 mg/ml), and T7 RNA polymerase.
The transcription reaction was performed at
37°C for 1 h. Following the reaction, RQ1 RNase
free DNase was added to the reaction mixture
and incubated for an additional 15 min at 37°C.
The reaction mixture containing RNA was phe-
nol : chloroform extracted and ethanol precipi-
tated. For in vitro translation of TIEG protein,
the reaction mixture contained nuclease-treated
rabbit reticulocyte lysate (Promega), capped
TIEG sense RNA transcript (0.3 ug), 1 mM
amino acid mixture (minus methionine), ribo-
nuclease inhibitor, and [3S]methionine (10 mCi/
ml). The reaction mixture was incubated at
30°C for 2 h. After the incubation period, a
portion of the lysate was separated by 10%
(w/v) sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—PAGE). The gel was fluo-
rographed and exposed to an x-ray film.

Immunoprecipitation

Human fetal osteoblast-like (hFOB) cells were
routinely maintained in DMEM + F12 contain-
ing 10% (v/v) fetal bovine serum (FBS) media
and 300 pg/ml geneticin. The cells were then
plated on 100-mm culture dishes and allowed to
grow to 90% confluency. At this stage, the cells
were washed and incubated in 0.25% (w/v) bo-
vine serum albumin (BSA) containing media
for 48 h. After this incubation period, the media
was changed to DMEM without methionine,
and the cells were treated with either vehicle
[(0.25% (w/v) BSA in PBS)] or TGF-B; (2 ng/ml)
for 2 h in the presence of 150 pCi/ml of [33S]me-
thionine. The treated cells were lysed in 0.5 ml
of lysis buffer (0.5% (v/v) SDS, 0.05 M Tris—HCI,
pH 8.0, and 1 mM DTT), transferred to an
Eppendorf tube and boiled for 5 min. The cell
lysate was diluted with 4 vol of RIPA correction
buffer and centrifuged for 90 min at 26,000g.
The affinity purified PAb TIEG-228 (4 ug) was
added to aliquots of the supernatants contain-
ing equivalent CPM and incubated on a rocker
at 4°C for 2-4 h. Following this incubation, 60
pul of a 50% (w/v) protein A-Sepharose bead
slurry (Pharmacia) was added and the mixture
was incubated at 4°C for 2 h. The immunocom-
plex was washed 4 times with RIPA buffer
[(PBS, 1% (v/v) NP40, 0.5% (w/v) sodium deoxy-
cholate, 0.1% (w/v) SDS)]. Finally, the beads
were resuspended in 80 pul of SDS sample buffer,
boiled to dissociate the TIEG protein and the
supernatant was loaded onto a 5-15% gradient
SDS-polyacrylamide gel electrophoresis (PAGE).

For in vitro translated TIEG protein, the trans-
lated reticulocyte lysate was made up to 1 mlin
RIPA buffer and immunoprecipitated using PAb
TIEG-228 as described above.

Immunohistochemical Analysis

Immunoperoxidase staining for TIEG pro-
tein in formalin-fixed paraffin-embedded tissue
sections was performed using the following la-
beled streptavidin-biotin method: 6-pm sec-
tions were mounted on silanized glass slides,
deparaffinized, and rehydrated through graded
alcohols to water. Endogenous peroxidase activ-
ity was blocked by incubation with 0.6% H,0.,.
Sections were immersed in 10 mM sodium ci-
trate buffer, pH 6.0, and subjected to heat-
induced antigen retrieval. Sections were then
treated with 10% (v/v) normal goat serum for 10
min to block nonspecific protein binding. PAb
TIEG-228 (1 pg/ml) was applied, and tissue
sections were incubated for 1 h at room tempera-
ture. After brief rinsing, the sections were
treated with biotinylated antirabbit IgG for 30
min at room temperature, rinsed, and then
incubated with peroxidase-labeled streptavidin
for 30 min at room temperature. After a brief
washing, sections were incubated with amino-
ethylcarbazole (AEC) and H,O, for 15 min. Sec-
tions were lightly counterstained with hema-
toxylin and coverslipped with aqueous mounting
media (Kaiser’s glycerol jelly). Negative con-
trols included non-immune rabbit IgG in place
of specific antibody and antibody preabsorbed
with the immunizing peptide.

Immunofluorescence Scanning Confocal
Microscopy

Cells grown on Permonex chamber slides
(Nunc, Naperville, IL) were fixed for 10 min in
ice-cold acetone. Subsequently, sections were
incubated with PAb TIEG-228 (1 mg/ml) in a
humidifier chamber for 30 min at room tempera-
ture. Cells were extensively rinsed with PBS
and were incubated with both the secondary
antibody and propidium iodide (2 mg/ml) for 30
min at room temperature. A goat antirabbit
antibody, conjugated with dichlorotriacinyl ami-
nofluorescein (DTAF) (Jackson ImmunoRe-
search, West Grove, PA), was used at a dilution
of 1 : 200. Following extensive washing with
PBS, the slides were mounted in glycerol solu-
tion containing paraphenylenediamine and ana-
lysed with a laser scanning confocal microscope
(LSM 310, Carl Zeiss, Oberkochen, Germany)
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equipped with an argon/krypton laser tuned to
an excitation wavelength of 488 nm. An emis-
sion filter of 530 nm was used in front of the
photomultiplier tube. The objective lens was a
Zeiss plan-neofluar 40, oil immersion. Images
were digitized and stored at 512 X 512-pixel
resolution.

Chromosomal Localization of TIEG

Human lymphocytes were stimulated with
phytohemagglutinin M and cultured for 72 h at
37°C. The cells were dropped onto slides, to
optimize chromosome spreading and morphol-
ogy. The genomic DNA probe (12 kb) was la-
beled with biotin-UTP by the nick-translation
technique (Gibco BRL). The labeled DNA probe
was used to hybridize to normal human male
metaphase with or without G banding. Follow-
ing harvest, the slides were aged in 90°C oven
for 8 min. Aged slides were treated with 2X
SSC at 37°C for 1 h and dehydrated in 70%,
85%, and 100% (v/v) ethanol. Chromosomal
DNA was denatured in 70% (v/v) formamide at
70°C for 1 min, and the probe DNA was dena-
tured in hybridization solution [50% (v/v) for-
mamide, 10% (v/v) dextran sulfate in 2X SSC]
in a 70°C waterbath for 5 minutes. Following
denaturation, the preparation was dehydrated
in 70%, 85%, and 100% (v/v) ethanol and air
dried. Probe DNA was hybridized to each slide
for 16 hours at 37°C in a humidifier chamber.
The biotin was detected by FITC/avidin, follow-
ing post-hybridization washes (2 SSC at 70°C
and rinsed in PBS). The preparation was coun-
terstained with 100 ng/ml DAPI in antifade
mounting media. The analysis and photogra-
phy were performed either by the Vysis Smart
Capture or by Oncor Imaging System involving
digitized images from a fluorescent microscope.
The counterstain was pseudo-colored red, in
some cases, to enhance the contrast between
the counterstain and the signal.

RESULTS

The expression of the TIEG protein was deter-
mined in paraffin-embedded sections of human
kidney, placenta, bone marrow, pancreas, cer-
ebellum, and bone tissues (Figs. 1, 2). A poly-
clonal antibody against a TIEG peptide was
developed and shown to be specific for TIEG by
competitive binding of the TIEG protein and
peptides. Using this antibody (Ab) in an immu-
noperoxidase procedure, a cytoplasmic or
nuclear staining of selected cell types is shown

in most tissues. The nonspecific staining is neg-
ligible and all positive staining is eliminated by
omission of the primary antibody or by preab-
sorption of TIEG antibody with the immunizing
peptide. In the kidney, there are no immunore-
active cells (Fig. 1A). However, in human pla-
centa (Fig. 1B), an intense labeling of the cyto-
plasm of syncitiotrophoblast cells is observed
with no staining of cytotrophoblast, endothe-
lial, or red blood cells (RBCs). In bone marrow
(Fig. 1C), TIEG protein is detected in nuclei
and cytoplasm of osteoblasts, megakaryocytes,
macrophages/monocytes, and possibly osteo-
clasts. Granulocytic cells and their precursors
are negative as are erythroid precursors and
RBCs. Macrophages associated with clusters of
erythroid precursors, however, do stain posi-
tively. In human pancreas (Fig. 1D), intense
cytoplasmic staining is observed in cells of is-
lets of Langerhans and also occasionally in
scattered cells of pancreatic acini. In the cerebel-
lum (Fig. 1E), the cell nuclei in the white mat-
ter stain positively for TIEG protein, as do a
layer of cells at the interface of the molecular
and granular layers. Unlike other cell types
that display only cytoplasmic labeling, these
cells show nuclear positivity. Although the ex-
act nature of the cell layer is unknown, they
also stained positively for S100, but not for
synaptophysin, suggesting a glial origin (Berg-
man glia). The Purkinje cells are negative for
TIEG protein. Immunohistochemical analyses
were also performed on decalcified human bone
sections. As shown in Figure 2, the osteoblasts
show an intense nuclear staining for TIEG pro-
tein, wheras the preosteoblasts and stromal
cells show a weak or no staining, indicating the
presence of high levels of TIEG protein in the
mature osteoblasts.

To identify TIEG protein on SDS-PAGE, the
sense RNA was in vitro translated in rabbit
reticulocyte lysate in the presence of [3°S]-
methonine and the protein analyzed on SDS-
PAGE. As shown in Figure 3, a 57-kDa protein
is observed only in the RNA-added lysate. The
PAb TIEG-228 was then used to immunoprecipi-
tate the in vitro translated TIEG protein, a
57-kDa protein is again detected (Fig. 3). The
TGF-B; treatment of human osteoblasts was
previously shown to maximally induce TIEG
MRNA levels at 1-2 h of the growth factor
treatment [Subramaniam et al., 1995]. There-
fore, it was of interest to determine whether
this increase in mRNA levels is also reflected by
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Fig. 1. Immunohistochemical staining of human tissues. Sections of kidney (A), placenta (B), bone marrow (C),
pancreas (D), and cerebellum (E) were immunostained using TIEG polyclonal antibody; the slides were photo-
graphed. A, B, D, E: X100; C: X150.

an increase in TIEG protein. The hFOB cells
were treated with TGF-3, for 2 h in the pres-
ence of [®®S]methonine and the cell lysates im-
munoprecipitated and analyzed as above on
SDS—-PAGE. As shown in Figure 4, the levels of
the 57-kDa TIEG protein are shown to be in-
duced by TGF-B treatment. Specifically, the
57-kDa TIEG protein is observed in the 2-h
lysates of the TGF-B-treated cells, but not in
the vehicle-treated cells. The antibody also pre-
cipitates other proteins in the vehicle and TGF-
B-treated cells, but none of these displays a

TGF- regulation. It should be mentioned here
that more detailed resolution of the [3*S]methio-
nine labelled-TIEG protein using gradient PAGE
more accurately determines a molecular mass
of the TIEG protein at 72 kDa (data not shown).

The primary sequence of TIEG protein con-
tains three zinc finger motifs at the C-terminal
region which has homology in this region to
other known transcription factors. Since most
transcription factors are localized in the
nucleus, and since the TIEG protein also con-
tains a nuclear localization signal at amino
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Fig. 2. Immunohistochemical staining of human bone. Immunohistochemical staining of human bone sections
were performed as mentioned under Methods; the slides were photographed. X200.

acids 186-198, immunofluorescence scanning
confocal microscopy was performed to deter-
mine whether the newly synthesized, induced
protein was localized in the nucleus of the hFOB
cells both before and after TGF-3, treatment.
The cells were serum starved and treated with
TGF-B, for 2 h, fixed, and immunofluorescence
analyses performed using a Zeiss laser scan-
ning confocal microscope. As shown in Figure 5,
the vehicle-treated cells show a diffuse nuclear
staining for TIEG protein, while the TGF-B-
treated cells show intensive nuclear staining.
In contrast, in untreated human keratinocytes
the TIEG protein is localized in the cytoplasm
(Fig. 6). When these cells are treated with a
TGF-B mimicking agent, H,O, for 40 minutes,
the TIEG protein appears to be translocated to
the nuclei. Studies by Ohba et al. [1994] have
shown that TGF-B induces H,O, production,
which in turn acts as a mediator for the TGF-3
action in osteoblastic cells. These results dem-
onstrate that there is not only an increase in
synthesis of the TIEG protein, but also concur-
rent enhanced staining in and possible translo-
cation of the TIEG protein to the nucleus after

the growth factor treatment. As a preliminary
step in assessing the biological functions of
TIEG, we examined the expression of TIEG in
various stages of breast carcinoma. A possible
role of a gene in the cell cycle control and cancer
is sometimes achieved by this approach. The
neoplastic epithelial cells of an intraductal com-
edo carcinomas (Fig. 7B) display less intense
cytoplasmic staining compared to the benign
(normal) epithelium (Fig. 7A), while cells of an
invasive ductal carcinomas are negative for
TIEG protein expression (Fig. 7C). As shown in
Figure 8, the TIEG maps to chromosome 8g22.2
locus. Future analyses of mutations in this lo-
cus (e.g., deletion, loss of heterozygosity) in
breast cancer biopsies may provide more infor-
mation regarding TIEG expression in different
stages of the disease.

DISCUSSION

As outlined in the introduction, TGF-8 is
both an autocrine and a paracrine growth fac-
tor for many cell types. In bone tissue, TGF-B is
produced by both osteoblasts and osteoclasts
and is stored in large quantities in the bone
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Fig. 3. Immunoprecipitation of the in vitro synthesized TIEG
protein. The coding sequence of TIEG cDNA was PCR amplified
and transcribed to generate the sense transcript. The sense RNA
was in vitro translated in rabbit reticulocyte lysate in the pres-
ence of [35S]methionine. A portion (5 pl) was directly loaded
onto the gel, with the remainder immunoprecipitated using
TIEG-228 PAb. The immunoprecipitate was separated on a 10%
SDS-PAGE, fluorographed, and exposed to X-ray film. Lysate
(=) RNA, no RNA was added; IP-immunoprecipitate of (—) and
(+) RNA added lysates.

matrix, where it is believed to play an impor-
tant role in the coupling of bone resorption to
bone formation. The TIEG was originally iden-
tified in human osteoblasts as a TGF-B-induc-
ible early gene and its presence in osteoblasts
might indicate that this protein plays an impor-
tant role in TGF-B signaling and osteoblast
growth and differentiation [Subramaniam et
al., 1995]. This paper characterizes the TIEG
protein with respect to size, cell-specific expres-
sion, and intracellular distribution. The in vitro
cDNA translates and the immunoprecipitated
both identify a 57-kDa TIEG protein. A more
refined gradient SDS—PAGE system indicates a
MW of 72 kDa. The additional hFOB proteins
immunoprecipitated with TIEG are of interest,
even though their levels are not regulated by
TGF-B. The appearance of these proteins could

TGF-J Induction of TIEG
Protein in Osteoblasts
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Fig. 4. Induction of TIEG protein levels in FOB cells by TGF-f.
Human fetal osteoblastic cells were serum starved for 48 h and
then treated with TGF-8 (2 ng/ml) and vehicle (0.25% BSA in
PBS) for 2 h in the presence of [3°S]methionine. The cells were
lysed and immunoprecipitated using PAb TIEG-228 or normal
rabbit 1gG. The immunoprecipitates of vehicle and TGF-B-
treated samples were separated on a 10% SDS-PAGE, fluoro-
graphed and exposed for X-ray film.

29 kDa -

be due to nonspecific precipitation along with
the antibody protein complex or to specific inter-
actions of the antibody or of TIEG protein with
other cellular proteins.

The immunohistochemistry shows a marked
cell type specificity for the TIEG protein, both
in expression and cytoplasmic/nuclear localiza-
tion. The TIEG protein is present in placental
syncitiotrophoblastic cells which are probably
target cells for TGF-B and other hormones (e.g.,
EGF). The same applies to the pancreas wherein
TIEG protein is present only in the islets of
Langerhans, which are glucagon, somatostatin,
and insulin hormone-producing cells. Whether
TIEG plays a role in mediating the functions of
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Fig. 5. Fluorescence laser scanning confocal microscopy of
FOB cells for TIEG protein: Effects of TGF-B treatment. Human
fetal osteoblastic cells were grown on 8-well chamber slides.
The cells were serum starved for 48 h and then treated with
TGF-B (2 ng/ml) and vehicle (0.25% BSA in PBS) for 2 h. The
cells were fixed and immunostained with TIEG polyclonal
antibody and fluorescence tagged antirabbit antibody. The im-

C

ages were obtained on a Zeiss laser scanning confocal micro-
scope (LSM 310) equipped with an argon/krypton laser tuned to
an excitation wave length of 488 nM. An emission filter of
530 = 30 nM was used in front of the photomultiplier tube. A:
Stained with rabbit IGg. B: Vehicle treated. C: Treated with
TGF-B for 2 h. The objective lens was Zeiss-plan neoblur 40X.

TIEG Expression in Human
Epithelial Cells

Vehicle

Fig. 6. Localization of TIEG in human keratinocytes. Human keratinocytes were isolated from neonatal foreskin and
the cells were cultured in complete, serum-free MCDB 153 medium. Cells were treated with vehicle (A) or with 100
UM H,0, (B) for 40 min and subsequently fixed and stained with TIEG PAb 228, as described under Methods. Pictures
were taken with a laser scanning confocal icroscope.
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Fig. 7. Immunohistochemical staining of normal and neoplastic human breast epithelium. Sections of normal
(benign), Comedo carcinoma, and invasive ductal carcinoma of human breast tissues were immunostained with TIEG
polyclonal antibody and the slides were photographed. A: Benign breast tissue. B: Comedo carcinoma. C: Invasive

ductal carcinoma of breast. X100.

: &
' 4 A B

Fig. 8. Chromosomal localization of TIEG. Human lymphocytes were stimulated with phytohemaglutinin M and
cultured for 72 h at 37°C. The cells suspension was dropped onto slides, to optimize chromosome spreading and
morphology. In situ hybridization was performed sequentially after G-banding, using biotin-labeled TIEG cDNA and
ONCOR's hybrizol. The hybridized signals were photographed using ONCOR’s true color system. The arrows show

the hybridized signal at 8922.2. A, B: Replicates.

these hormones, or whether these cells are
TGF-B target cells, is unknown. A specific
strong, staining in the cerebellum is found in a
single layer of what appears to be Bergman
glial cells. The weaker staining of the cells in
the white matter may or may not represent the
presence of TIEG protein. The kidney shows
negative staining for TIEG protein. It is inter-
esting that the positive, epithelial staining is
similar in the two reproductive tissues, breast
and uterine endometrium (data not shown).
The epithelial cells stain positively while sur-
rounding stromal cells are negative. Immuno-
histochemical staining for TIEG protein in hu-
man tissues exhibited both cytoplasmic and
nuclear staining, depending on the cell type.
Immunofluorescence confocal microscopy sup-
ports this finding in the untreated cultured
human cells wherein the osteoblasts show a
nuclear staining and the keratinocytes a cyto-

plasmic staining. The different local cell envi-
ronments in the human tissues might also play
a role wherein some might have been exposed
to TGF-B or its family members enhancing the
nuclear binding of TIEG.

Breast cancer cells produce TGF-B and their
growth is inhibited by this growth factor [Val-
verius et al., 1989; Knabbe et al., 1987]. More
recently, TGF-B has been implicated in the anti-
estrogen-induced apoptosis of breast cancer cells
[Chen et al., 1996b]. Thus, if TIEG is a key
participant in the TGF-B action on breast cells,
it might be involved in the primary pathway of
TGF-B inhibition of cell proliferation. Support
that TIEG may be involved in the cell cycle with
properties of a tumor suppressor arises from
recent studies in pancreatic carcinoma cells,
TGF-B induces TIEG expression and inhibits
cell proliferation. Interestingly, TIEG overex-
pression in these cells was shown to induce
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apototic mediated growth inhibition [Tachibana
etal., 1997]. In studies presented here, reduced
TIEG protein levels were found in the in situ
breast carcinomas and an absence of TIEG pro-
tein was found in invasive carcinomas. Al-
though these preliminary observations cer-
tainly require more study with a significant
number of samples, a pattern is evolving
wherein TGF-$ induces TIEG protein levels, in
turn inhibiting proliferation. The TGF-B does
inhibit cell proliferation in pancreatic carci-
noma cells.

The breast cancer genes, BRCA-1 and -2, are
zinc finger proteins and are known to be in-
volved in the inherited susceptibility of breast
cancer. These two genes display high pen-
etrance with BRCA-1 exhibiting properties of
the tumor suppressor gene. Over expression of
the BRCA genes inhibits and underexpression
encourages tumor growth. The BRCA genes
have homology domains and properties of a
granin family of proteins, which are a family of
acidic proteins that bind calcium and partici-
pate in the regulated secretory pathway [Jensen
etal., 1996; Holt et al., 1996]. There is specula-
tion that the BRCAs contain productive tumor
suppressive peptides cleaved from the secreted
parent BRCA proteins to act on cell membrane
receptors. However, more recent studies sup-
port that BRCA proteins are nuclear proteins.
BRCA-1 is represented by two variants, which
are cell cycle-regulated nuclear proteins that
function as nuclear tyrosine phosphoproteins
that associate with cell cycle regulators to in-
hibit cell proliferation [Wang et al., 1997;
Ruffner and Verma, 1997; Thomas et al., 1997;
Chen et al., 1996a] and may directly regulate
gene transcription [Monteiro et al., 1996]. Thus,
both the BRCA and TIEG proteins are nuclear
localized proteins with implications as inhibi-
tors of cell proliferation.

It is interesting to note that the tumor sup-
pressor gene, p53 gene [Hurd et al., 1995], and
the BRCA-1 gene [Gudas et al., 1995; Weber,
1996], which are important in breast cancer
metastasis and in apoptosis/cell death, are regu-
lated by estrogen in breast cancer cells, the
TIEG expression has also been recently shown
to be estrogen regulated. The TIEG mapping to
chromosome band 8qg22.2 is also of interest, as
this locus contains genes involved in bone dis-
ease (e.g., the renal tubular acidosis osteopetro-
sis syndrome), and cancer (e.g., acute myeloid
leukemia). Itis well established that osteopetro-

sis syndrome is related to a disorder in osteo-
clasts. The TIEG protein was identified in, and
cloned from, osteoblasts. The biological func-
tions of TIEG protein, and whether defects in
TIEG are involved in the etiology of this bone
disease or of cancer, remain to be determined.
Further studies involving the under- or overex-
pression and mutations of this gene should help
elucidate its biological function. In any event,
the data presented here and in other papers
support that TIEG is a novel gene implicated in
cell cycle and tumor suppressor-like activities
of bone cells and that it might serve as primary
targets of TGF-B to inhibit/enhance cell prolif-
eration, apoptosis, and gene expression in hu-
man osteoblasts and other cells.
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