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High-mobility group I (HMGI) proteins are architec-
tural transcription factors expressed predominantly
during embryonic development. Their genetic loci are
the most frequent targets of chromosomal rearrange-
ments in uterine leiomyomas and other benign tu-
mors. It was therefore suggested that both HMGI
genes are involved in the neoplastic transformation
of benign tumors. By Western analysis we found that
16 of 33 uterine leiomyomas expressed high levels of
HMGI-C or HMGI(Y) proteins, whereas they were not
detected in the corresponding myometrium. Immu-
nohistochemistry demonstrated that the expression
of HMGI-C is restricted to leiomyoma smooth muscle
cells but is not expressed in vascular smooth muscle
cells or the connective tissue of the tumor. Northern
blotting confirmed the protein expression data for
HMGI-C, whereas HMGI(Y) mRNA and protein levels
did not correlate, suggesting that posttranscriptional
mechanisms are involved in the regulation of
HMGI(Y) expression. Three of the uterine leiomyo-
mas analyzed expressed HMGI-C gene products with
altered molecular weight. Two of them were proved
to consist of the entire DNA-binding domain but
lacked sequences of the C-terminal acidic tail. Con-
versely, other tumors expressed HMGI-C or HMGI(Y)
genes that were not affected by mutations of the cod-
ing region. Thus we identified uterine leiomyomas
that expressed mutated HMGI-C, whereas other uter-
ine leiomyomas expressed wild-type HMGI-C or
HMGI(Y). On the basis of our data we assume that the
enhanced expression of functionally active HMGI
proteins, whether they are wild-type or not, is impor-
tant for the pathogenesis of uterine leiomyomas.
(Am J Patbol 1999, 155:1535-1542)

Uterine leiomyomas are benign smooth muscle cell tu-
mors of the myometrium. They are the most common
solid tumors in women, occurring with an incidence of up
to 77%." Although they are benign, they can lead to
abnormal uterine bleeding, pelvic pain, spontaneous
abortion, and possibly cause infertility. Because effective

medical treatment is not available, the ultimate treatment
is hysterectomy or, in some cases, myomenucleation. Up
to now, the molecular pathogenesis of these tumors has
been unknown.

The neoplastic transformation of normal myometrium to
leiomyoma tissue probably involves somatic mutations
and deregulation of genes crucial for cell growth and
differentiation. Approximately 36% of uterine leiomyomas
contain chromosomal abnormalities.? Translocations in-
volving chromosome 12g13-15 are the most frequent
chromosomal alterations in uterine leiomyomas and are
frequently observed in lipomas, hamartomas of the lung
and breast, fibroadenomas of the breast, and endome-
trial polyps.?~* These tumors have the common property
of being of mesenchymal origin and benign. Recently it
was found that the gene coding for HMGI-C is disrupted
by 12g13-15 rearrangements.?~” A closely related gene,
HMGI(Y), coding for the two proteins HMGI and HMGY,
which are generated by an alternative splicing mecha-
nism, is located on chromosome 6p21 and is also a
common target of chromosomal rearrangements in uter-
ine leiomyomas and other benign tumors.®2~'2 It was
therefore suggested that both genes, HMGI-C and
HMGI(Y), may play a causative role in the development of
benign tumors.

HMGI-C and HMGI(Y) proteins consist of a DNA-bind-
ing domain within the N-terminus, which is called an
AT-hook, and an acidic tail in the C-terminus. The chro-
mosomal breakpoints of HMIGI-C and HMGI(Y) rearrange-
ments in uterine leiomyomas have been mapped either
within the coding region or in the 3’-UTR, but can also be
found in the 5’ region of the gene more than 100 kb
upstream of the transcription start site.?#:6:19:"3 Translo-
cations within the coding region generate truncated or
chimeric genes in which the N-terminal DNA-binding do-
main is separated from the C-terminal acidic tail of the
protein and fused to ectopic sequences. Transcripts de-
rived from chimeric or truncated HMGI-C and HMGI(Y)
genes have been detected in uterine leiomyomas as well
as other benign tumors by 3’-rapid amplification of cDNA
ends (RACE). 3591118

HMGI proteins bind to the minor groove of AT-rich DNA
sequences, thereby inducing a bend within the DNA. '
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Neither of the proteins stimulates initiation of transcription
on its own, but both enhance promoter binding of tran-
scriptional activators like ATF2, Elf-1, NF-kB, SRF, and
Tst-1/Oct-6."5722 These properties classify HMGI proteins
as architectural transcription factors that contribute to the
transcriptional activation of specific genes by their ability
to organize the framework of transcriptional initiation
complexes.?®2* On other promoters HMGI proteins can
function as transcriptional repressors.®*>2’ These pro-
moters are thought to be induced by a release of HMGI-C
or HMGI(Y) and the subsequent binding of sequence-
specific transcriptional activators.

Several lines of evidence point to an important role for
HMGI proteins in cell differentiation. Both proteins are
expressed predominantly during embryonic stages. In
adult stages only a very low ubiquitous expression has
been reported for HMGI(Y).?®2 HMGI-C is not detectable
in differentiated adult tissues.?* 2" In contrast, HMGI(Y)
and/or HMGI-C is expressed at high levels in human
prostate carcinomas,®? human thyroid carcinomas,®® hu-
man colorectal carcinomas,®* human breast cancer,
and human uterine cervix carcinomas.®® In addition, a
marked decrease in HMGI(Y) expression was observed
during the differentiation of mouse F9 teratocarcinoma
cells.®” Finally, inactivation of the HMGI-C gene in mice
induces a pygmy phenotype that is caused by growth
retardation of mesenchymal tissues.?®

In the present study we analyzed HMGI-C and
HMGI(Y) expression in myometrial and uterine leiomy-
oma tissues derived from 33 patients undergoing hyster-
ectomy and obtained evidence that not only mutated but
also wild-type HMGI proteins may play an important role
in the transformation process of uterine leiomyomas.

Materials and Methods

Tissue Samples

Tumor samples and their corresponding normal myome-
trial tissues were obtained from women undergoing hys-
terectomy for uterine leiomyomas. Immediately after re-
ceipt, part of each sample was frozen in liquid nitrogen
and stored at —80°C for mRNA or protein extraction. For
immunohistochemistry a second part was fixed in 4%
formaldehyde or embedded in TissueTek (Miles Diagnos-
tic), frozen in dry ice, and stored at —80°C. All samples
were collected with the approval of the local ethical
committee.

Western Blot Analysis

Liquid nitrogen frozen tissue samples were pulverized
and homogenized in sodium dodecyl sulfate (SDS) load-
ing buffer (0.1 mol/L Tris, pH 6.8, 4% SDS, 0.1% Brom-
phenol-blue, 20% glycerol, 0.2% dithiothreitol). HepG2
cells (American Type Culture Collection) were lysed in
SDS loading buffer in a concentration of 2000 cells/ul.
Samples were boiled for 10 minutes at 95°C, cleared by
centrifugation (10 minutes, 12°C, 100,000 X g), and
stored at —80°C. The extracted proteins were separated

on a 15% polyacrylamide/0.1% SDS gel. To check for
equal protein loading the separated proteins were visu-
alized by Coomassie staining. For HMGI protein detec-
tion the proteins were electrotransferred to a nitrocellu-
lose membrane (Amersham-Buchler). Nonspecific
interactions were blocked by preincubating the mem-
branes with 0.75% blocking reagent (Boehringer Mann-
heim) in phosphate-buffered saline (PBS) for 1 hour at
room temperature. The membranes were then incubated
with primary HMGI-C antibodies (crude rabbit anti-pep-
tide serum, 1:5000 in 0.75% blocking reagent) or
HMGI(Y) N-19 antibodies (Santa Cruz; 1:4000 in 0.75%
blocking reagent) overnight, followed by an additional
incubation with horseradish peroxidase-conjugated sec-
ondary antibodies (Amersham-Buchler; 1:3000 in 0.75%
blocking reagent) for 4 hours. After each antibody incu-
bation the membranes were washed three times with
PBS. Bound antibodies were visualized using the ECL
detection system (Amersham-Buchler). The anti-peptide
antibodies specific for HMGI-C were obtained by immu-
nization of rabbits with the synthetic peptide GAGQPST-
SAQGQ (Eurogentec).

Preparation of HMGI-C and HMGI(Y) Northern
Blot Probes

The coding region of human HMGI-C and HMGI(Y) was
amplified from total RNA of the cell line HepG2 (American
Type Culture Collection) by reverse transcriptase poly-
merase chain reaction (RT-PCR), using the gene-specific
primers ICTr.up (5’-CAGGATGAGCGCACGCGGTGAG)
and Ex5.dw for HMGI-C or Y.up and Y.dw for HMGI(Y).
The PCR products were cloned into plasmid pCR3.1-Uni
(Invitrogen), and the correct sequence was confirmed by
DNA sequencing. To generate Northern blot probes the
cDNA was removed by Hindlll/EcoRI digestion, purified
by agarose gel electrophoresis, and labeled with 2P,
using the Prime it-kit (Stratagene).

Northern Blot Analysis

For the isolation of total RNA, liquid nitrogen-frozen tissue
samples were pulverized and dissolved in TRIzol reagent
(Life Technologies). RNA isolation was performed ac-
cording to the manufacturer’s instructions. Twenty micro-
grams of total RNA per lane was separated under dena-
turing conditions on a 1.2% agarose/6.3% formaldehyde
gel and transferred onto GeneScreen Plus membrane
(NEN). The RNA was immobilized by a UV cross-linker
(Stratagene). The blots were prehybridized with QuikHyb
solution (Stratagene) for 20 minutes at 68°C and hybrid-
ized for 2 hours at 68°C with *?P-labeled cDNA probes in
QuickHyb solution in the presence of 0.1 mg/ml dena-
tured salmon sperm DNA. Hybridized filters were washed
twice for 15 minutes at room temperature in 2X standard
saline citrate (SSC) (0.3 mol/L NaCl, 30 mmol/L sodium
citrate, pH 7.2)/0.1% SDS and once for 15 minutes at
60°C in 0.1X SSC/0.1% SDS and exposed to Biomax
films (Kodak). Quantification of bound probes was per-
formed with a phosphorimager (Molecular Dynamics).



Before reprobing the filters were stripped with 0.1X SSC/
0.1% SDS for 30 minutes at 95°C.

RT-PCR

RT-PCR was performed as previously described.®® Am-
plification of the HMGI-C DNA-binding motive sequence
was performed using primers Ex7.up (5’-CGAAAGGT-
GCTGGGCAGCTCCGG) and Ex3.dw (5'-CCATTTC-
CTAGGTCTGCCTCTTG). Amplification of the whole
HMGI-C coding sequence was performed using primers
Ex1.up and Ex5.dw (5'-CTAGTCCTCTTCGGCAGACTC).
Amplification of the whole coding sequence of HMGI(Y)
was performed using primers Y.up (5’-GGAAGATGAGT-
GAGTCGAGCTCG) and Y.dw (5'-GCAGGCGGCACG-
CATG GGTCA). The quality of the cDNA was proved by
amplification of the housekeeping gene cytochrome ¢
oxidase 1A, using primers TA.up (5'-CGTCACAGC-
CCATG CATTTG) and TA.dw (5'-GGTTAGGTCATACG-
GAGGTCT). The PCR products were separated by 1.0%
agarose gel electrophoresis and visualized by ethidium
bromide staining. PCR products were sequenced with an
ABI 377 sequencer (Perkin Elmer).

Immunohistochemistry

Tissue was fixed for 24 hours in 4% formaldehyde/PBS
and embedded in paraffin. For staining of HMGI-C, 5-um
sections were spread on slides (Menzel), dried for 5
days, deparaffinized, partially digested with 0.1% pepsin
in 0.1 N HCI for 15 minutes, and rinsed with PBS. Slides
were then incubated with normal goat serum for 30 min-
utes to reduce nonspecific binding of secondary antibod-
ies and with primary HMGI-C antibodies 1:200 in PBS for
1 hour. Slides were then washed two times in PBS/0.2%
TWEENZ20, incubated with biotinylated goat anti-rabbit
secondary antibodies (Zymed, 1:1000 in PBS) for 1 hour,
and again washed two times in PBS/0.2% TWEEN20 after
incubation with avidin-biotin-peroxidase complexes
(Vecstain Elite ABC Kit) for 1 hour. Staining was per-
formed with diaminobenzidin (Zymed Substrate Kit). All
steps were performed at room temperature.

Results
Characterization of HMGI-C Antibodies

To obtain antibodies raised against HMGI-C, rabbits
were immunized with the synthetic peptide GAGQPST-
SAQGQ derived from the N-terminus of human HMGI-C.
In contrast to preimmunserum, these antibodies detected
a single protein that migrated at 18 kd in sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
(Figure 1). In accordance with the expression pattern of
HMGI-C,3" this protein is detectable in mouse embryonic
tissues as well as various mouse and human cell lines, for
example HepG2,4° but not in adult mouse tissues (Figure
1, lanes 5 and 6 and data not shown). Furthermore, we
demonstrated that the detected protein is soluble in
mouse embryonic whole cell extracts supplemented with
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Figure 1. Characterization of HMGI-C antibodies. Rabbit preimmunserum
(lanes 1-4) was compared with an antiserum raised against a synthetic
peptide derived from the N-terminus of HMGI-C (lanes 5—8). Western blot
analysis was carried out with 20 pg of whole-cell extract from mouse embryo
day 13 p.c. (lanes 1 and 5); whole-cell extract of 4 X 10 cells from the
human hepatoma cell line HepG2 (lanes 2 and 6); 20 pg precipitate of
mouse embryo whole-cell extract supplemented with 5% trichloroacetic acid
(lanes 3 and 7); and 0.5 ug of supernatant of mouse embryo whole-cell
extract supplemented with 5% trichloroacetic acid (lanes 4 and 8).

5% trichloroacetic acid (Figure 1, lanes 7 and 8), a fea-
ture characteristic of high-mobility group proteins.*°4?
Altogether, the migration in SDS-PAGE, the tissue spec-
ificity, and the solubility in 5% trichloroacetic acid indi-
cate that the detected protein is HMGI-C.

HMGI-C Expression in Uterine Leiomyomas

To determine the number of uterine leiomyomas that ex-
press HMIGI-C we analyzed 33 uterine leiomyoma sam-
ples and their normal corresponding myometrial tissue by
Western analysis. This study revealed that none of the 33
myometrium samples expressed HMGI-C, whereas high
amounts of HMGI-C proteins were detected in nine of 33
uterine leiomyoma samples (Figure 2 and Table 1). Inter-
estingly, two of these HMGI-C-positive uterine leiomyo-
mas expressed HMGI-C proteins with abnormal molecu-
lar masses of 15 kd and 19.5 kd, respectively (Figure 2,
lanes 3 and 7), whereas the other tumors expressed
HMGI-C proteins of the predicted molecular mass of 18
kd (Figure 2, lanes 5, 9, and 11). It is noteworthy that
these two uterine leiomyomas exclusively expressed the
aberrant form of HMGI-C and not the wild-type form of
HMGI-C.
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Figure 2. HMGI-C protein expression in uterine leiomyomas (L) and their
corresponding myometrium (M). Western analysis was carried out using a
polyconal rabbit antibody specific for HMGI-C. Fifty micrograms of whole-
cell extracts from human myometrium (lanes 2, 4, 6, 8, and 10) and uterine
leiomyomas (lanes 3, 5, 7, 9, and 11) were analyzed. Ten micrograms of
whole-cell extract from the human hepatoma cell line HepG2 (C) was used
as a control for HMGI-C expression (lane 1).
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Table 1. HMGI-C and HMGI(Y) Expression in Uterine
Leiomyomas and Corresponding Normal
Myometrium

I-C and I(Y) I-C I(Y) I-C
Western Northern  Northern  Immunohisto
Sample

No. D M L M L M L M L
1 40 - IC -+ + o+ -+
2 42 - I-C* - 4+ 4+ o+ -+
3 80 - IC -+ + o+ -+
4 246 - |I-C -+ + o+

5 32 - I-C -+ + o+ -+
6 418 - I-C -+ + o+ -+
7 499 - I-C -+ + o+ - -
8 62 — I-C+I(Y) - + + o+ - -
9 48  — (YY) - - + o+ - -

10 631 =Y - - + o+

11 2273 — I(Y) - + o+

12 2288  — I(Y) - - + o+

13 1 - = - - + o+ - -

14 28 - - - - + o+

15 29 - - - - + o+ - -

16 E - IC -+
17 41 = Y) - =

18 55 = Y)

19 57— I(Y)

20 50 - - - -

21 56 - - - =

22 92 - -

23 138 - - - =

24 19 - -

25 265 - - - =

26 268 - -

27 488 - - - =

28 547 - -

29 710 - -

30 763 - -

31 789 - -

32 D - - - -

33 H - = - =

*HMGI-C isoforms with altered molecular mass.

HMGI(Y) Expression in Uterine Leiomyomas

To determine the expression of HMGI(Y) proteins, a com-
mercially available polyclonal antibody raised against the
N-terminus of human HMGI(Y) was used. Because of the
low sensitivity of this antibody the HMGI(Y) proteins were
not detected in normal myometrium (Figure 3, lanes 1, 3,
5,7, and 9), although HMGI(Y) is expressed at low levels
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Figure 3. HMGI(Y) protein expression in uterine leiomyomas (L) and their
corresponding myometrium (M). Western analysis was carried out using a
polyconal goat antibody specific for HMGI(Y). Fifty micrograms of whole-
cell extracts from human myometrium (lanes 1, 3, 5, 7, and 9) and uterine
leiomyomas (lanes 2, 4, 6, 8, and 10) were analyzed. Whole-cell extract of
2 % 10" cells from the human hepatoma cell line HepG2 was used as a
control for HMGI-C expression (C, lane 11).

in differentiated tissues.?® In contrast, high levels of
HMGI(Y) were found in eight of 33 uterine leiomyomas
(Figure 3, lanes 2, 4, 6, 8, and 10, and Table 1). As
SDS-PAGE does not separate the two protein isoforms of
the HMGI(Y) gene (ie, HMGI and HMGY), the band rec-
ognized by Western analysis refers to both proteins.
None of the tissues analyzed displayed HMGI(Y) proteins
with an abnormal molecular mass. Interestingly, only one
uterine leiomyoma, sample L62, displayed increased ex-
pression of both proteins, HMGI(Y) and HMGI-C (Figure
2, lane 5, and Figure 3, lane 6), whereas other uterine
leiomyomas expressed either HMGI-C or HMGI(Y). Taken
together, we found that HMGI-C or HMGI(Y) protein ex-
pression was strongly induced in 16 of 33 uterine
leiomyomas (Table 1).

Investigation of HMGI-C and HMGI(Y) mRNA in
Uterine Leiomyomas

To confirm these data obtained by Western analysis we
selected 15 of the 33 myometrial and uterine leiomyoma
samples, of which 12 were positive and three negative for
HMGI protein expression to perform Northern analysis
(Table 1). Examples of this analysis are shown in Figure
4. The integrity of the RNA preparations was proved by
ethidium bromide staining (not shown) and by hybridiza-
tion with a cDNA probe for the housekeeping gene cy-
clophilin 21 (Figure 4, A and B, lower panel). HMGI-C
MRNA expression was analyzed with a probe derived
from the coding region of human HMGI-C. As expected,
HMGI-C transcripts were expressed in mouse embryonic
tissues of day 13 p.c. (Figure 4A, lane 1), but not in
human myometrium (Figure 4A, lanes 2, 4, 6, 8, and
Table 1). High levels of HMGI-C mRNA were found in all
of the analyzed tumor samples that expressed HMGI-C
proteins in Western analysis (Figure 4A, lanes 3, 5, 7, 9,
and Table 1), whereas no expression was detected in
uterine leiomyomas negative for HMGI protein expression
and in those tumors exclusively expressing HMGI(Y) (Ta-
ble 1). Interestingly, we found that uterine leiomyoma
sample L42, which displayed an altered form of HMGI-C
in Western analysis (Figure 2, lane 3), expressed a trun-
cated mRNA transcript (Figure 4A, lane 9). In addition, a
truncated HMGI-C mRNA was also observed in uterine
leiomyoma L352 (Figure 4A, lane 5), although this sample
expressed HMGI-C proteins of the predicted molecular
mass (Figure 2, lane 9).

To determine the HMGI(Y) mRNA expression by North-
ern analysis we used a probe derived from the coding
region of human HMGI(Y). All 15 myometrial tissues an-
alyzed displayed a low expression of HMGI(Y) mRNA
(Figure 4B and Table 1), reflecting that the sensitivity of
our HMGI(Y) Northern analysis is higher than that of our
Western analysis. Surprisingly, we found that HMGI(Y)
mMRNA expression was not significantly enhanced in any
of the five HMGI(Y) protein-positive uterine leiomyomas,
as was observed for all of the HMGI(Y) protein-negative
uterine leiomyomas (Figure 4B and Table 1). HMGI(Y)
transcripts of altered molecular mass were not detected
in any of the samples analyzed.
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Figure 4. A: HMGI-C mRNA expression in uterine leiomyomas (L) and their
corresponding myometrium (M). Northern blot analysis was carried out
using probes specific for HMGI-C (upper panel) and the housekeeping
gene cyclophilin 23 (lower panel). Total RNA from mouse embryo day
13 p.c. (E) was used as a control for HMGI-C expression (lane 1). Total RNA
from myometrium (lanes 2, 4, 6, and 8) and uterine leiomyomas (lanes 3,
5, 7, and 9) was analyzed. HMGI-C mRNA of the expected size (HMGI-C),
truncated HMGI-C mRNA isoforms (mutated HMGI-C), and cyclophilin 23
mRNA (cph) are indicated. B: HMGI(Y) mRNA expression in uterine
leiomyomas (L) and their corresponding myometrium (M). Northern blot
analysis used probes specific for HMGI(Y) (upper panel) and cyclophilin
23 (lower panel). Total RNA from myometrium (lanes 1, 3, 5, and 7) and
uterine leiomyomas (lanes 2, 4, 6, and 8) was analyzed. HMGI(Y) mRNA
and cyclophilin 23 mRNA (cph) are indicated. Cyclophilin 23 was hybridized
to control mRNA loading and integrity.
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Figure 5. RT-PCR amplification of the whole coding sequence (CDS) and the
DNA-binding domain sequence (DBD) of HMGI-C. Total RNA from human
myometrium M28 (lanes 1 and 2), uterine leiomyomas 142 (lanes 3 and 4),
162 (lanes 5 and 6), 1352 (lanes 7 and 8), and L499 (lanes 9 and 10) was
analyzed. The figure illustrates the HMGI-C ¢DNA binding sites for PCR
primers (arrows) and the two PCR-products (dotted lines). Primers Ex1.up
bind to exon 1 sequences 5'-ward to the translation start codon, primers
Ex3.dw bind to exon 3 sequences in the 3'-region of the DBD sequences, and
primers Ex5.dw bind to exon 5 sequences 5'-ward to the HMGI-C CDS.
Primer pair Ex1.up and Ex3.dw produces a 321-bp DNA that consists of the
entire DBD sequence. Primer pair Ex1.up and Ex5.dw produces a 402-bp
DNA that consists of the whole CDS.

Sequence-Specific RT-PCR and cDNA
Sequencing of HMGI-C and HMGI(Y)

To analyze the truncated HMGI-C transcripts (Figure 4A,
lanes 5 and 9) in more detail and to prove whether the
other uterine leiomyomas expressed HMGI-C or HMGI(Y)
transcripts that are affected by small mutations that are
not visible in Northern and Western analysis, we per-
formed sequence-specific RT-PCR and subsequently se-
quenced the amplified RT-PCR products. For the ampli-
fication of HMGI-C cDNA we used two different primer
sets (Figure 5). The use of primers Ex7.up and Ex3.dw
generates an amplification product of 321 bp that con-
sists of sequences of the HMGI-C DNA-binding domain
(DBD). Primers Ex1.up and Ex5.dw generate an amplifi-
cation product of 402 bp that consists of the whole cod-
ing sequence (CDS) of HMGI-C. As expected, neither
PCR product was obtained from myometrial tissue M28
(Figure 5, lanes 1 and 2). In contrast, the 321-bp and the
402-bp PCR product were amplified from the uterine
leiomyomas L62 and L499 (Figure 5, lanes 5 and 6, lanes
9 and 10), which are characterized by the expression of
HMGI-C mRNA and protein of the predicted molecular
mass. Sequencing of the amplified cDNA revealed that
both tumors expressed HMGI-C that is not affected by
mutations within the coding region. Interestingly, two
other uterine leiomyomas, L42 and L352, which are char-
acterized by the expression of truncated HMGI-C mRNAs
(Figure 4A, lanes 5 and 9), showed an amplification of
only the shorter 321-bp PCR product that consists of the
DNA-binding domain sequence, whereas the larger
402-bp PCR product, which consists of the entire
HMGI-C coding sequence, was not amplified (Figure 5,
lanes 3 and 4, lanes 7 and 8). This result proved that
uterine leiomyomas L42 and L352 expressed HMGI-C
from a gene that consists of HMGI-C 5’-sequences cod-
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ing for the DNA-binding domain but did not contain 3'-
sequences coding for the HMGI-C acidic tail.

To analyze the nucleotide sequence of the coding
region of the HMGI(Y) cDNA in uterine leiomyomas, we
made a RT-PCR analysis of four uterine leiomyomas that
expressed high levels of HMGI(Y) proteins (data not
shown). Sequencing of the entire coding region of
HMGI(Y) revealed that these uterine leiomyomas exclu-
sively expressed wild-type HMGI(Y) that is not affected
by mutations. Taken together, we identified uterine
leiomyomas expressing either mutated HMGI-C proteins
that consist of the DNA-binding domain but did not con-
tain sequences of the acidic tail or uterine leiomyomas
that expressed wild-type HMGI-C or HMGI(Y) not af-
fected by mutations.

HMGI-C Immunohistochemistry on Myometrium
and Uterine Leiomyomas

To analyze the cellular distribution of HMGI-C in uterine
leiomyomas we performed immunohistochemistry on par-
affin sections of 20 uterine leiomyomas and their corre-
sponding myometrium (Table 1). The immunostaining
confirmed the data obtained by Western and Northern
analysis. HMGI-C was not expressed in normal myome-
trium (Figure 6A, Table 1) but was clearly detected in
uterine leiomyomas that were positive for HMGI-C ex-
pression in Western and Northern analysis (Figure 6B,
Table 1). As expected, the expression of HMGI-C was
predominantly nuclear, even in tumors that expressed
aberrant HMGI-C (Figure 6B). Furthermore, the immuno-
staining revealed that HMGI-C expression is restricted to
leiomyoma smooth muscle cells and is not found in vas-
cular smooth muscle cells (Figure 6B, V) or the connec-
tive tissue of the tumor (Figure 6B).

Discussion

In this report we analyzed the expression of the high-
mobility group | proteins HMGI-C and HMGI(Y) in myo-
metrial and uterine leiomyoma tissues derived from 33
patients undergoing hysterectomy. By using HMGI-C-
and HMGI(Y)-specific antibodies we could directly dem-
onstrate for the first time that HMGI proteins are ex-
pressed in a large subgroup of uterine leiomyomas. Al-
together, 48.5% of the 33 tumors analyzed expressed
high levels of HMGI-C, HMGI(Y), or both HMGI genes. In
contrast, we could not detect HMGI protein expression in
any of the corresponding normal myometrial samples.
These data prove that not only embryonic tissues®®2!
and some malignant carcinomas®3° but also a large
subgroup of uterine leiomyomas display increased ex-
pression of HMGI genes. It is also in accordance with the
report by Williams et al,’® who found DNA-binding activity
for the PRDII motive of the B-interferon promoter in eight
of 16 uterine leiomyoma protein extracts but not in protein
extracts of the adjacent myometrium. As the PRDII motive
cooperatively binds NF«B with either HMGI(Y)'® or
HMGI-C,?? it is most likely that Williams and co-workers

Figure 6. HMGI-C immunohistochemistry (X200) on paraffin sections. Az
Human myometrium M42. B: Uterine leiomyoma L42. Brown staining re-
vealed HMGI-C expression. An atherial blood vessle (V) of uterine leiomy-
oma L42 is indicated.

detected HMGI-C and HMGI(Y) proteins in the uterine
leiomyomas they analyzed.

The results of various cytogenetic studies have re-
vealed that uterine leiomyomas are affected by chromo-
somal alterations that target the HMGI-C locus on chro-
mosome 12q14-15 and the HMGI(Y) locus on
chromosome 6p21. Some of these chromosomal rear-
rangements affect the coding region of HMGI-C and
HMGI(Y), which leads to the generation of chimeric genes
in which an ectopic sequence is fused to the DNA-bind-
ing domain of HMGI-C or HMGI(Y).2* Karyotype analysis
of metaphase chromosomes from a primary cell line de-
rived from uterine leiomyoma sample L62 revealed a
clonal translocation t(12;14)(q15;24) that might affect the
HMGI-C locus on chromosome 12g14-15 (U. Fuhrmann,
M. Klotzbucher, and J. Bullerdiek, unpublished results).
Indeed, we found that the primary uterine leiomyoma L62
expressed high levels of HMGI-C. Interestingly, despite
this chromosomal rearrangement, no molecular mass al-
teration of the HMGI-C protein or mRNA was observed in
this uterine leiomyoma, suggesting that the chromosomal
breakpoint maps outside of the transcribed region of the
HMGI-C gene. It is tempting to speculate that the chro-
mosomal translocation in this tumor accounts for the tran-
scriptional activation of the HMGI-C gene. The expres-
sion of HMGI-C in this tumor might be induced by the



deletion of a silencer promoter element or by transloca-
tion of an active enhancer motive into the HMGI-C locus.

Three of 33 uterine leiomyomas we analyzed ex-
pressed HMGI-C gene products that are mutated within
the coding region of HMGI-C. One is sample L42, which
is characterized by the expression of a 19.5-kd protein
instead of the predicted 18 kd of wild-type HMGI-C, and
the appearance of a truncated HMGI-C mRNA. Another is
sample L352, which expressed a HMGI-C protein of the
predicted molecular mass but a truncated HMGI-C
mRNA and finally sample LE, which is characterized by
the expression of a 15-kd truncated variant of HMGI-C.
Unfortunately, we did not obtain enough tissue to isolate
and analyze the HMGI-C mRNA from this uterine leiomy-
oma. But sequence-specific RT-PCR and cDNA se-
quencing of the HMGI-C mRNA derived from uterine
leiomyomas L42 and L352 clearly demonstrated that both
tumors expressed HMGI-C transcripts that preserved the
entire DNA-binding domain sequence but failed to con-
tain sequences of the acidic tail. As uterine leiomyomas
are frequently affected by chromosomal rearrangements
that lead to the generation of chimeric or truncated iso-
forms of HMGI-C, it is tempting to speculate that the three
uterine leiomyoma samples LE, L42, and L352 expressed
HMGI-C from an allele that was the target of chromo-
somal rearrangements. Furthermore, we clearly demon-
strated by Northern and/or Western analysis that uterine
leiomyomas LE, L42, and L352 exclusively expressed the
altered form of HMGI-C. The second allele, which is most
probably unaffected by mutations, is transcriptionally si-
lent—as it is in normal myometrial cells. This revealed that
the transcriptional induction of the mutated allele is
caused by the chromosomal rearrangement itself, and
not by proteins that are involved in the regulation of
HMGI-C gene expression. However, defects in proteins
that regulate HMGI gene expression might be an alterna-
tive mechanism that can cause up-regulation of HMGI
proteins in uterine leiomyomas not affected by HMGI/
gene rearrangements. In addition, we identified five uter-
ine leiomyomas characterized by an enhanced HMGI(Y)
protein expression in which the HMGI(Y) mRNA content
was not increased compared to the corresponding myo-
metrium. Defects in the posttranscriptional regulation of
HMGI(Y) might account for the HMGI(Y) overexpression
in these uterine leiomyomas.

By cDNA sequencing we proved that some uterine
leiomyomas expressed HMGI-C or HMGI(Y) that was not
affected by mutations within the coding region. Thus our
expression studies revealed uterine leiomyomas that ex-
pressed mutated HMGI-C as well as uterine leiomyomas
that expressed wild-type HMGI-C and/or HMGI(Y). This
opens the discussion about whether mutated HMGI pro-
teins as well as wild-type HMGI proteins can both be
involved in the pathogenesis of uterine leiomyomas. All
chimeric and truncated HMGI genes identified so far
have in common that they preserved the AT-hook DNA-
binding domain.®"21"13 Thjs is also confirmed by our
RT-PCR analysis. Ectopic sequences fused to the
HMGI-C or HMGI(Y) genes by chromosomal rearrange-
ments did not display any common properties. Thus we
would assume that the N-terminal DNA-binding domain is
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the most important functional domain of HMGI proteins.
Indeed, Chin and co-workers®' generated a HMGI(Y)
deletion mutant that consists of the N-terminal DNA-bind-
ing domain only but is still functional with regard to serum
response factor (SRF) binding, cooperative binding to
serum response elements, and stimulation of SRF-medi-
ated transactivation.?' The C-terminal acidic tail of HMGI
proteins might be important for the fine-tuning of HMGI
proteins by phosphorylation or acetylation, etc, or might
even be involved in properties other than transcriptional
regulation of target genes, but it is obviously not essential
for the transcriptional regulation of target genes. There-
fore we suggest that the elevated expression of HMGI
proteins that are functionally active with regard to tran-
scriptional regulation, whether they are wild-type, C-ter-
minal-deleted, or chimeric proteins, is an important event
in the pathogenesis of uterine leiomyomas.
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