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Abstract

Uterine leiomyomas (ULM) are histologically and molecularly heterogeneous and clinically they
grow at vastly different rates. Several driver gene mutations have been identified in ULM,
including MED12 mutations, HMGAZ overexpression, and biallelic FH inactivation. ULM with
different driver mutant genes may use different molecular pathways, but currently no clear
correlation between gene mutations and growth related pathways has been established. To better
define this relationship, we collected ULM with MED12 (n=25), HMGAZ (n=15) and FH (n=27)
mutations and examined the sex steroid hormone, cell cycle, and AKT pathway genes by
immunohistochemistry. While ER and PR were highly expressed in all types of ULM, FHULM
showed lower ER expression and higher PR expression. HMGAZ tumors had significantly higher
levels of AKT signaling and mitogenic activity than other ULM types. HMGAZ activated AKT
signaling through upregulation of IGFB2P. Silencing HMGAZin ULM cells resulted in
downregulation of AKT and upregulation of p16 and p21, which eventually led to cell senescence.
HMGAZ overexpression in ULM is not only related to tumor development but also plays a role in
controlling cellular proliferation through the AKT pathway.
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1. Introduction

Uterine leiomyomas (ULM) are an important public health problem due to the high
incidence among women and the high rate of surgical intervention with myomectomy or
hysterectomy. Up to 70% of women develop ULM during their lifetime? and current
medical therapies show no significant long term benefits, but carry significant side effects.
ULM are a histologically and molecularly heterogeneous group of tumors and grow at vastly
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different rates.® Yet the pathogenesis of ULM leading to the varied histology and growth
behavior is largely unknown. In recent studies, several driver gene mutations have been
identified in ULM, including MED12 mutations in exon 2 in 60-70% of cases, HMGAZ
overexpression in 10-15% of cases, and biallelic ## inactivation in rare cases* °. Global
gene expression analysis indicates that different mutant genes in ULM may target different
molecular pathways® and each mutation type may theoretically determine growth behavior,
but these theories have not yet been proven. Notably, a uterus with multiple ULM can show
somatic mutations of different genes and each given tumor only acquires a single driver gene
mutation, since the mutations are mutually exclusive* 6 7. Thus, ULM consist of a group of
genetically heterogeneous tumors with similar histogenesis.

Such genetic differences in ULM due to different driver gene mutations may determine their
histological and molecular heterogeneity and further influence tumor growth rates. However,
histology and molecular pathway correlation with these driver gene mutations has not been
established or characterized. HMGAZ overexpression in ULM is caused by a translocation
between 12q and 14q® and the early studies showed that ULM with HAMGAZ overexpression
tend to be larger and grow faster than those without HMGAZ alterations® 9 10, HMGA2
ULM cannot be differentiated histologically from other ULM, but it is common in a variant
of ULM defined as intravascular leiomyomatosis!!. Unfortunately, while many oncogenic
functions of HMGAZin malignant tumors are characterized!2, little is known about how
HMGAZ causes and promotes ULM development and growth. MED12 mutations are the
most common somatic mutations in ULM3. MED12 is essential for activating CDK8 and
modulates mediator-polymerase 11 interactions for transcription initiationl4. Growth of
MEDI12ULM may require and recruitment of prominent myoma-associated fibroblasts.
FHULM exhibit characteristic histologic features in leiomyomas of bizarre nucleil8: 17,
Further investigation of the molecular and histological difference in ULM with different
driver gene mutations may assist in understanding biological and medical significance and
aid in clinical management.

Since sex steroid hormones, cell cycle and AKT signaling are prevalent pathways for ULM
growth, we aimed in this study to examine these common functional pathways in ULM with
different driver mutations. We collected ULM with MED12, HMGAZ and FH mutations and
examined the selected markers by immunohistochemistry. The functional correlation
between AKT and HMGAZ was further analyzed in primary cultures of ULM.

2. MATERIALS AND METHODS

2.1 Case selection

Human myometrial and leiomyoma tissues were collected from premenopausal women
undergoing hysterectomy at the Northwestern University. The use of human tissue
specimens was approved by the Institutional Review Board for Human Research at
Northwestern University. Fresh frozen and/or formalin-fixed and paraffin-embedded tumor,
and myometrial tissues were used. The genotypes of the selected ULM with MED12
mutations, HMGAZ2 overexpression and biallelic FH inactivation have been reported in
previous studies® 16,
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2.2 Primary cell culture for ULM

Subjects were only included in the study if they were not taking hormonal contraceptives or
gonadotropin-releasing hormone agonists/antagonists for at least 3 months. Informed
consent was obtained from all the patients participating in the study. After tissue was
collected, primary myometrial and leiomyoma cells were isolated and cultured. Primary
cells were cultivated in Dulbecco’s modified Eagle’s medium/nutrient Ham’s Mixture F-12
(DMEM-F12) 1:1 containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin
at 37°C and 5% CO, atmosphere. Primary ULM cell cultures were maintained in Smooth
Muscle Growth Medium-2 (SmGM™-2 medium) (Lonza) to avoid loss of myoma cells.

2.3 Senescence-associated p-galactosidase (SA-pB-gal) staining

The cells were treated with MK2206 at 5uM (Merck Sharp & Dohme Corp.) Then the cells
were fixed with 2% formaldehyde plus 0.2% glutaraldehyde and were stained with -
galactosidase staining solution (citric acid/sodium phosphate solution, potassium
ferrocyanide, potassium ferricyanide, X-gal, pH6). They were incubated at 37°C overnight
in a dry incubator and the reactions were terminated when the cells were stained blue-green,
as visualized under an inverted bright-field microscope. The cells were also stained with
DAPI (4’, 6-Diamidino-2-Phenylindole, Dihydrochloride) to show the nucleus. Three
images were taken randomly under each treatment condition and then the percentage of the
cells that were positive for p-galactosidase was calculated.

2.4 SDS-PAGE and Western blotting

Protein lysates were extracted from myometrial and leiomyoma cells using RIPA lysis and
extraction buffer with protease and phosphatase inhibitors (Thermo Fisher Scientific). The
protein concentration was determined using BCA Protein Assay kit (Thermo Fisher
Scientific). Equal amounts of proteins were subjected to SDS-PAGE and subsequently
transferred to polyvinylidene difluoride (PVDF) membranes. Immunoblotting was
performed using the following primary antibodies: p21 Waf1/Cipl (12D1) Rabbit mAb (Cell
Signaling Technology), Human p16INK4a/CDKN2A Antibody (Fisher Scientific), pAKT
and AKT (Cell Signaling Technology), HMGAZ2 (Biocheck Inc), and p-actin Antibody (Cell
Signaling Technology). Secondary antibodies were horseradish peroxidase (HRP)-labeled
anti-mouse (7076S, Cell Signaling Technology), anti-rabbit (7074S, Cell Signaling
Technology), or anti-goat (HAF109, Fisher Scientific). Chemiluminescence was detected by
adding a chemiluminescent HRP substrate (Thermo Fisher Scientific) and measured with a
Fujifilm LAS-3000 Imager.

2.5 RNA isolation and RT-PCR

RNA was isolated from uterine fibroid cells using Rneasy Mini Kit (Qiagen) and reverse-
transcribed with M-MLV Reverse Transcriptase (Clontech) following the manufacturer’s
instructions. Quantitative RT-PCR was performed using PowerUp™ SYBR® Green Master
Mix (Life Technologies) on an Applied Biosystems® Real-Time PCR Instrument. HMGAZ
primers were: Forward 5"-TCCGGTGTTGATGGTGGCAG-3"; Reverse 5-
CTTGGCCGTTTTTCTCCAGTG-3". GAPDH was used as the housekeeping gene, and
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relative mRNA levels were calculated using the 272ACt method. Each data point is the
average of three replicates.

2.6 HMGAZ2 siRNA Transient Transfection

Cells were grown to 60%-80% confluency at the day of transfection, and then were either
transfected with control siRNA (Stealth RNAI negative control duplexes, ThermoFisher
Scientific) or HMGAZ2 siRNA (Stealth siRNA, HSS111974, ThermoFisher Scientific)
according to the manufacturer’s instruction using Lipofectamine RNAIMAX (ThermoFisher
Scientific), as described previously in detaill2.

2.7 Tissue microarrays

Formalin-fixed paraffin-embedded (FFPE) tissue blocks with the most accurate
morphological features were selected for each case and 2 mm? tissue cores were taken to
create tissue microarrays (TMAS). The TMAs were sectioned at 4 um. The first and last
slides were stained with hematoxylin and eosin (H&E) for quality assurance to confirm the
correct tumor types and the presence of viable tumor tissue.

2.8 Immunohistochemistry

The analytical markers for immunohistochemical (IHC) analysis included steroid hormone
receptors (ER and PR), cell cycle marker (p16), and cell proliferative marker (Ki-67), and
AKT pathway markers (pAKT, pS6, IGF2BP2). The driver gene markers of FH, HMGA2
and MED12 were also included in examining the selected cases. All immunohistochemical
staining procedures were performed on a Ventana Nexus automated system as described
previously®. All information regarding selected antibodies is summarized in Supplementary
Table 1. The percent and intensity of each staining were evaluated by two pathologists. The
intensity was scored as negative (0), weak (1+), moderate (2+), or strong (3+) and the
percentage of positive tumor cells was scored from 0% to 100%. The results were then semi-
quantitatively analyzed.

2.9 Statistical analysis

GraphPad Prism software was used for statistical analysis and IHC data were presented as
median and ranges for the entire tumor samples and the control myometrium. Other data
were presented as mean and standard deviation. Student’s t-test or one way Anova analysis
was used to determine statistical significance. A p value less than 0.05 was considered
statistically significant.

3. RESULTS

3.1 Selection of ULM with MED12, HMGAZ2 and FH mutations

Previously, 178 ULM cases were tested for mutational analysis of MED12and HMGAZ.
MED12exon 2 mutations were detected by Sanger sequencing and HMGAZ overexpression
was identified by immunohistochemistry. MED12 mutations were found in 75.4% (134/178)
ULM, HMGAZ overexpression in 10.1% of the cases (18/178). We also examined FH
expression by immunohistochemistry and loss of FH expression was detected in 1.1% of the
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cases (2/178). In all 178 cases, the three gene mutations were mutually exclusive. After
genotype was determined by gene mutation analysis (MED12 exon 2) and
immunohistochemistry (HMGAZ overexpression and loss of FH), the cases from each of
three gene mutations were selected for this study. We then selected 25 ULM with MED12
mutations, and 15 ULM with HMGAZ overexpression for this study. We also selected 27
ULM with loss of FHin our collection of leiomyoma with bizarre nucleil6. Histologically,
MEDI12ULM showed varied cellularity of smooth muscle cells with prominent extracellular
matrix and low vasculature (Figure 1; H/E). HMGAZ2 ULM presented with increased
cellularity® and vasculature. #4ULM have their characteristic large and small round/oval
nuclei, prominent nucleoli and dilated vessels (Figure 1). The demographic information for
our patients is summarized in Table 1. The tumor size and patient age differed significantly
among the three gene mutations. Patients with #H ULM were significantly younger than
those with MED12and HMGAZ ULM and HMGAZ ULM had significantly larger tumors
than the other two.

3.2 Sex steroid hormone expression in different types of ULM

The relative expression of ER and PR were scored semi-quantitatively using percentage and
intensity of staining. In all myometrial controls, ER and PR expression was high with a
median score of 70% (95% of CI in 58-74%; Table 2). Overall, ULM also showed high
levels of ER and PR expression with a range of 45-80% staining. No significant difference
between myometrial controls and ULM was noted. When ER and PR expression was
reviewed based on different gene mutations, /4 ULM had significantly lower ER expression
(45%) and bordering higher PR expression (84%) than both the other ULM subtypes and the
myometrial controls (p=0.0049, p=0.058, respectively, Table 2, Figure 2). In fact, over 25%
of FHULM showed no ER expression (Figure 2A). In contrast, HMGAZ and MED12 ULM
showed no significant difference in ER or PR expression and no difference when compared
with myometrial controls (p>0.05). Similar trends were noted when comparing the staining
intensity of ER and PR among the three variants (Table 2). These findings suggest that two
of the molecular ULM subtypes maintain high levels of ER and PR expression. In contrast,
the inverse association of ER and PR expression in £+ ULM is noted with underlying
mechanisms yet to be characterized.

3.3 Expression analysis of p16 and Ki-67

P16 is a major cell cycle regulator. In malignant tumors including leiomyosarcoma, diffuse
p16 expression reflects loss of function due to an RB defect in the negative feedback loop18.
In normal or benign tumors like nevi and ULM, p16 expression serves as a cell cycle
inhibitor driving cells into senescencel® 20, In order to determine whether different driver
gene mutations influenced tumor growth and arrest through p16, IHC staining for p16 was
done in ULM. Overall ULM showed very low levels of p16 expression ranging from 1-5%
p16 immunoreactivity. HMGAZ ULM had almost undetectable p16 expression (0-3%) in
comparison to MED12ULM (4.5-12.3%) and FH ULM (4.9-17.1%), which was statistically
significant (p<0.05%, Table 2, Figure 2C). This finding also correlated with a much higher
proliferation index (Ki67) ranging from 5.6-14% in HMGAZ2 ULM in comparison to
2.0-4.5% in MED12ULM and 0.2-2.4% in FHULM (p<0.05, Figure 2D, Table 2). These
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findings suggest that HMGAZ promotes leiomyoma growth through its negative regulation
of p16 expression.

3.4 Expression analysis of AKT pathway

AKT has been found to be activated in ULM and promotes fibroid growth and survival
within an unfavorable hypoxic microenvironment?!. AKT activation in ULM is not fully
understood but we have demonstrated its association with the ROS pathway?2. Here, we
examined the levels of activated AKT and its direct downstream target, pS6, in ULM with
the three different gene mutations. HMGAZ ULM showed strong, diffuse immunoreactivity
for pAKT and pS6. In contrast, weak to moderate immunoreactivity for pAKT and pS6 was
present in MED12and FHULM as well as in the myometrial controls (Figure 3, Table 2).

Previous gene profiling studies have shown that ULM with HMGAZ overexpression have
increased IGF2BP2 expression®. To test whether IGF2BP2 is a major upstream mediator for
IGF2, we examined IGF2BP2 levels by immunohistochemistry. As illustrated in Figure 3B
and 3C, almost all HMGAZ ULM showed strong and diffuse immunoreactivity for
IGF2BP2. In contrast, the other two subtypes and the myometrial controls showed low levels
of IGF2BP2 (p<0.001). These findings suggest that an important interaction of IGF2BP2
and AKT occur in specifically HMGAZ ULM.

3.5 Molecular analysis of HMGA2-mediated AKT signaling in ULM

The immunohistochemistry results suggest that ULM with HMGAZ overexpression have
significantly higher proliferation index, higher AKT activity, and lower p16 expression than
the other two genetic subtypes. Thus, primary leiomyoma cells were used to evaluate the
role of HMGAZin modulating AKT, p16 and p21. ULM with MED12 mutations (low
HMGAZ levels) were used to overexpress HMGAZ using lentiviral transduction using two
MOls, low (0.5) and moderate (1.0). A dose-dependent upregulation of pAKT was observed
by Western blot analysis along with an increase in HMGAZ levels (Figure 4A). Next, using
HMGA2ULM, HMGAZwas silenced using siRNA. With decreased HMGAZ levels,
decreased pAKT levels were observed (Figure 4B, C, and D). These data demonstrate the
ability of HMGAZto regulate AKT activity. To evaluate whether AKT regulates HMGAZ2
levels in ULM, AKT was blocked by the AKT inhibitor MK2206 and no significant change
of HMGAZ expression was noted (Figure 4E). These data support that HMGAZ upregulates
AKT and not the reverse.

3.6 Downregulation of HMGAZ2 expression in primary culture fibroid cells leads to cellular
senescence

We observed that serial passaging of primary culture leiomyoma cells led to profound
replicative senescence and concurrent upregulation of both p16 and p21 (Jia et al,
unpublished data). To evaluate the role of HMGAZ in this process, primary ULM and
matched myometrial (MM) cells were collected at PO, P1 (passage 1) and P2 (passage 2) and
then HMGAZ expression was examined by real-time quantitative RT-PCR (Figure 5A).
While MM cells exhibited low expression of HMGAZ, ULM cells at PO had higher
expression of HMGAZ. In contrast, ULM at P1 and P2 exhibited decreased expression of
HMGAZ suggesting that HMGAZ downregulation is correlated with replicative senescence.
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To confirm that downregulation of HMGAZin primary culture of fibroid cells was the major
driving force for cellular senescence, PO cells were transfected with HMGAZ siRNA and
cellular senescence was examined by a p-Gal stain. As shown in Figure 5B, cells treated
with HMGAZ siRNA had significantly increased levels of p-Gal staining, indicative of
cellular senescence than the cells treated with control sSiRNA (53% vs. 38%, p<0.05).
Similar effects were observed when we used ELISA to measure B-Gal activity (Figure 5C).
In addition, we observed in Figure 5D that silencing of HMGAZin ULM led to upregulation
of both p16 and p21. Our findings suggest that the aggressive behavior of HMGAZULM is
due to increased tumor cell growth and survival through HMGAZ, an enhanced AKT
pathway and decreased cell cycle control. In contrast, when HMGAZis low, this leads to
reduced AKT activity, increased cell cycle inhibition resulting in cellular arrest or
senescence.

4. Discussion

ULM are sex steroid hormone driven tumors, characterized by fast growth rate during
reproductive age. In general, most ULM, regardless of their underlying genetic mutations,
express high levels of ER and PR (Figure 2). Our study has suggested that HMGAZ ULM
are a variant that tends to be larger and faster-growing than other genetic subtypes,
indicating that this specific gene mutation may play a significant role in tumor growth on top
of sex steroid hormone signaling. Therefore, non-hormonal pathways could be a major
alternative drug target for fibroid treatment. In this study, we compared the selected cell
cycle regulators and AKT in ULM with three different driver gene mutations and found that
only the HMGAZtumors had high AKT activity, high cell proliferation indices (Ki-67), and
significantly lower p16 expression (Figure 2).

HMGAZ mutations are the second most common driver mutations in ULM, accounting for
10-15% of the cases®. HMGAZ2 ULM tend to be larger and faster-growing tumors in
comparison to MED12and FH subtypes (Table 1)° 9 10, HMGAZis a transcriptional
regulator and is highly associated with many functions, such as tumorigenesis, stem cell
renewal, cell proliferation and cellular senescence. The function of HMGAZ heavily relies
on the cell type. For example, in ovarian and other cancer cells, HMGAZis an oncogene and
promotes aggressive tumor growth through its multiple oncogenic properties?3. In normal or
benign tumor cells, it can promote cell proliferation and sensitizes to stress and oncogene-
induced senescence?*. HMGAZ2 ULM are a subset of tumors which do not share the same
major pathways as the other genetic subtypes and previous studies have demonstrated that
repression of HMGAZ2by let-7 and other mechanisms resulted in decreased tumor growth?>,
Additionally, HMGAZ ULM are larger and have higher rate of cell proliferation, supporting
HMGAZ as a mitogenic factor. Transgenic mouse models indicated that HMGAZ can
sufficiently repress p16 expression for stem cell self-renewal?®. Since AKT pathway is one
of the major pathways that regulates ULM growth?2 2729 HAMMGA2 regulation of the AKT
pathway is a significant discovery for ULM.

It has been shown that decreased HMGAZ expression in acute myeloid leukemia cells
inhibited cell proliferation through a decrease in the protein expression of pAKT and p-
mTOR30, HMGAZ2may also directly regulate IGF2BP2 to influence IGF2 bioavailability in
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other cell types® 3. IGF2 is one of the major growth factors highly overexpressed in
ULMB32. We previously reported that IGF2 is overexpressed in ULM at the transcriptional
level without changing IGF2 imprinting status in ULM33, Given that HMGAZ may enhance
IGF2 through IGF2BP2, we postulated that HMGAZ overexpression can activate the AKT
pathway in ULM and we indeed found that ULM with HMGAZ overexpression showed a
significant positive correlation with IGF2BP2, pAKT and pS6 overexpression (Figure 3).
This finding was further validated by using /n vitro primary leiomyoma cells (Figure 4). The
results of our study provide further evidence that ULM with HMGAZ overexpression can
enhance AKT activity for tumor growth and survival.

In addition to promoting cell proliferation, HMGAZis also a major player in cellular
senescence either under oncogenic?4 or environmental?? stress. Several recent studies have
shown that HMGAZ regulates cell cycle genes. Silencing of HMGAZ leads to the induction
of cell cycle inhibitors, including cyclin D1, cyclin B1, and cyclin E expression and
increases the number of cells in GO/G1 phase34-36. Interestingly, in our current study, we
found that HMGAZ expression was inversely proportional to p16 expression (Figure 2).
When HMGAZ was silenced in leiomyoma cells, it also resulted in the upregulation of p16
and p21 (Figure 5), leading to reduced tumor growth and increased cellular senescence
(Figure 5). Based on this study, HMGAZ2-mediated AKT signaling and its regulation to cell
proliferation and senescence in ULM is summarized in Figure 6.

Overall, we have shown that ULM with different driver gene mutations harbor different
molecular pathways in regulating cell growth in ULM. These differences are reflected by
their different growth rates and responses to environmental stress. Thus, HMGAZ2 ULM are
a group of tumors that could be treated differently from other ULM. In contrast, growth of
MED12ULM may rely on tumor associated fibroblasts!®. Therefore, with a better
characterization of specific targets in ULM with different driver gene mutations, cell growth
could be halted and cellular senescence could be induced in a more specific way. Moreover,
gene mutation analysis in myomectomy specimen may help to predict the potential tumor
growth and guide further clinical management when HMGAZ overexpression is detected.
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Refer to Web version on PubMed Central for supplementary material.
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MED12-ULM _ HMGA2-ULM _ __FH-ULM

Figure 1.
Photomicrographs illustrate examples of ULM with MED12 (MED12-ULM), HMGAZ

(HMGAZ-ULM) and FH (FH-ULM) mutation/alteration. Tumor sections were examined by
histology (H/E) and immunohistochemistry for FH, HMGAZ and MED12 (amplification
x20).
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Figure2.
Expression analysis of ER, PR, P16 and Ki-67 by immunohistochemistry in ULM with three

different driver gene mutations/alteration. Dot plot illustration of estrogen receptor (ER, A),
progesterone receptor (PR, B), P16 (C) Ki-67 (D) expression by immunopercentage in ULM
with MED12 mutation (rounded dot), HMGAZ2 overexpression (diagonal dot), loss of
fumarate hydratase (FH) (upward triangle dot) and myometrium (downward triangle dot).

Mean expression levels (Red line) and standard errors (short black line) for each tumor type
are shown.
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Figure 3.
Immunohistochemistry analysis of the selected biomarkers in AKT pathways in ULM with

three different driver gene mutations/alteration. A. Photomicrographs illustrate examples of
tumor sections of H/E and immunostaining (in the order of HMGAZ2, IGF2BP2, pAKT, and
pS6,) slides for ULM with three different driver gene mutations. B. Closer view of
immunoreactivity for IGF2BP2 in 6 HMGA2 (right) and 6 MED12 (left) ULM. C-E.
Histobar analysis of IGF2BP (C), pAKT (D) pS6 (E) expression by immuno-intensity in
ULM with different driver gene mutations and myometrium (MM).
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significantly reduced pAKT, but not total AKT. E. Blocking pAKT activity by AKT
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Overexpression of HMGAZ2 by lentiviral transduction increases pAKT activity in a dose
dependent manner. B. and C. Decreased HMGAZ2 expression by siRNA was evident by

inhibitor MK2206 showed minimal effect on HMGAZ2 expression. * p<0.05, ** p<0.01.
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HMGAZ and cellular senescence in primary ULM cells. A. HMGAZ expression by real-time
RT-PCR in myometrial (MM) and leiomyoma (ULM) cells in PO (not passaged), P1
(passage 1) and P2 (passage 2) cultures. B. B-galactosidase staining of senescent primary
leiomyoma cells after silencing of HMGAZby siRNA. C. Senescence in primary leiomyoma
cells with silencing of HMGAZby siRNA measured by B-galactosidase activity. D.
Repression of HMGAZ2 expression by siRNA increases p21 and p16 expression. Histobar
panels illustrate the relative expression and significant differences between controls (Ctrl)
and HMGA siRNA (A2) and MK2206 (MK) after normalized either total AKT or B-actin.
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Figure®6.

Proposed model of HMGAZregulating AKT signaling and cell cycle genes leading to cell

fate in leiomyoma cells.

Genes Chromosomes Cancer. Author manuscript; available in PMC 2019 October 01.



Page 17

Xie et al.

Author Manuscript

T alqeL

Author Manuscript

ueawl ay] JO J04Is pepuels ‘Wwas
*¥

'sIsAeue eAOUY Aem auQ
¥

8'0¥S'8 Vv'ZFCIT 8'0F.9 wasFuealN  (wo) azis Jown

16100 LTFLIE LSTOGY ZOFTOY e HOSFUBON (s1eak) oby

£120°0 V4 ST 5z $35B) "ON
anend H4 2ZvOWH 2Ta3aw

Author Manuscript

salydesBowap jusied

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2019 October 01.



Page 18

Xie et al.

Author Manuscript

'sisA[eue eAOUY Aem aUQ
¥

(12 %56 UB1Y-mol) UeIpaiN
(12 %56 Ub1y-moy) uelIpsN
(12 %56 uB1Y-mor) uerpaiN
(12 %56 UB1Y-mol) UeIpaiN
(12 %56 Ub1y-moy) uelpsiN
(12 %56 uB1Y-mor) uerpaiN
(12 %56 UB1Y-mol) UeIpaiN
(12 %56 Ub1y-moy) uelpsN
(12 %56 uB1Y-mor) uerpaiN

%-9Td
%-L9-1M
1-9sd
I-LMvd
1-2dgz49I
I-dd
%-Yd
I-d3
%-d3

09000  (¥82-99°0)0T (0T'LT-06'V) 0'S (60€-100) 0T  (S2CT-LV'¥) 0'S
70000  (102-.600T  (L€2-€20)0T (vO¥T-95G) 00T  (05v—86'T) 0'C
10000  (18T-2€T)0C  (LLT-GE€T)0C (88z—cc2)0e  (89T-€CT) 0T
70000 (26T-8¢r'T)0C  (L9T-92T) 0T (s6'2-G2e)0e  (99T-02°T) 0T
70000  (26'0-85°0) 0T (82T—2L0)0'T (182-66T)0€  260-T€0) 0T
w000  (9r'e—+02) 0c  (€0€-652) 0°€ (68z-812) 0t (95C-18T) 0T
95000 (0'8.-0'99) 0'G. (6'68-6'€.) 006  (0T8-€95) 008 (2'TL-Z'TS) 0°0L
70000  (ev'c-88'T)0C  (0€T-19°0)0'T (z8c-112) 0t (V2'T-9.T)0°C
L0000 (0v.-T85)00L (555-862)0Gy  (268-8729) 008  (609-10S) 09
o 1z ST o4

Anerd spuod W NN HA WINZVOWNH  WINZIA3aW

Sased 'ON

NN Jo sadAigns Jejnosjow aaayl Buowe sauab pa1as)as Jo sisAeue uolssaldxa JH|

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2019 October 01.



	Abstract
	1. Introduction
	2. MATERIALS AND METHODS
	2.1 Case selection
	2.2 Primary cell culture for ULM
	2.3 Senescence-associated β-galactosidase (SA-β-gal) staining
	2.4 SDS-PAGE and Western blotting
	2.5 RNA isolation and RT-PCR
	2.6 HMGA2 siRNA Transient Transfection
	2.7 Tissue microarrays
	2.8 Immunohistochemistry
	2.9 Statistical analysis

	3. RESULTS
	3.1 Selection of ULM with MED12, HMGA2 and FH mutations
	3.2 Sex steroid hormone expression in different types of ULM
	3.3 Expression analysis of p16 and Ki-67
	3.4 Expression analysis of AKT pathway
	3.5 Molecular analysis of HMGA2-mediated AKT signaling in ULM
	3.6 Downregulation of HMGA2 expression in primary culture fibroid cells leads to cellular senescence

	4. Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2

