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Abstract: We investigated the different gene expression between prostate peripheral zone stromal cells (PZs) and
the transitional zone stromal cells (TZs), and found overexpression of LIM domain only 2 (LMO2) gene in PZs. Thus,
the biological effects of LMO2 on prostate cell proliferation, migration in the stromal microenvironment were fur-
ther explored, and the possible molecular mechanisms were explained. To determine if the expression of LMO2 by
PZs is able to alter PC3 and BPH-1 cells growth, conditioned media (CM) was collected and was co-incubated with
PC3 and BPH-1 cells. The proliferation and migration of both PC3 and BPH-1 were enhanced in the presence of
CM derived from stromal cells which stably expressed LMO2, compared with the CM derived from control cells. By
contrast, knockdown of the LMO2 in PZs could attenuate the proliferation and migration of cocultured PC3/BPH-1
cells in vitro. Mechanisms of the above phenomenon may be due to that LMO2 overexpressed stromal cells should
induce prostate epithelial cell growth and migration via paracrine IL-11. STAT3 signaling pathway may be critical in

the mechanisms of these biological effects.
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Introduction

Peripheral zone of the prostate is the most
common site of development of prostatic
intraepithelial neoplasia (PIN) and prostatic
adenocarcinoma, while transitional zone of the
prostate most commonly gives rise to benign
prostatic hyperplasia (BPH) [1, 2]. Why do lead
to distinct localization of prostate cancer
between prostate peripheral zone and the tran-
sitional zone? Our previous study reported that
the stromal cells from different normal pros-
tatic zones have been shown to stimulate can-
cer cell grown differently in vitro and in vivo.
The proliferation of PC3 was found increased
when co-culture with prostate peripheral zone
stromal cells, while transitional zone stromal
cells suppressed PC3 cells growth in the mouse
model. We conclude that ultrastructures and
gene expression differ between the stromal
cells from prostate peripheral zone and the
transitional zone of the normal prostate, and
stromal-epithelium interactions from different
zone might be responsible for the distinct zonal
localization of prostate tumor formation [3, 4].

Currently, little is known about the molecular
basis for the differences between the prostate
zones, but it seems reasonable to assume that
the preference for cancer development in
peripheral zone is caused by preexisting tran-
scriptome differences between the two zones
in normal tissue. Given that the diseases have
a strong preference for a specific zone, we
assume that this originates from pre-existing
molecular differences in the normal zones.
Several studies also have shown that differenc-
es in gene expression during tumor develop-
ment in the transition and peripheral zones of
the prostate [5-7]. There are differences in gene
expression between the two zones, and the pre-
cise nature of these differences needs to be
investigated further.

LMO2 has been demonstrated to play a crucial
role in human acute T-cell leukemia through
chromosomal translocation [8]. There is accu-
mulating evidence suggesting the involvement
of LMO2 in tumor neo-vasculature and angio-
genesis [9]. Furthermore, LMO2 play an impor-
tant role in prostate cancer progression through
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Figure 1. Upregulation of LMO2 in prostate peripheral zone stromal cells (PZs). A: Comparison of differentially
expressed genes in human prostate peripheral zone stromal cells (PZs) and transitional zone stromal cells (TZs).
Red denotes high expression levels, whereas green depicts low expression levels. Each gene listed is significantly
differentially expressed between the PZs and TZs. B: Real-time PCR analysis of relative LMO2 expression levels in
PZs and TZs. LMO2 is upregulated in PZs compared to TZs. C: Western blotting analysis showed that the LMO2
expression was higher in PZs than inTZs. D: Immunofluorescence staining showed that LMO2 was overexpressed in
PZs compared with TZs (original magnification, x 400). *P<0.05, when compared with the control group.

the repression of E-cadherin expression [10].
LMO2 has been suggested to function as an
important regulator in controlling cell growth
and differentiation, while its function in PZs
and especially in the prostate stromal microen-
vironment remains unclear.

In the present study, oligonucleotide microarray
analyses was used to compare gene expres-
sion between PZs and TZs, and we sought to
determine LMO2 expression in PZs and TZs,
and extended our studies to investigate the
stromal-epithelial crosstalk biological effects
of up/down-regulation of LMO2 in prostate stro-
mal cells.

Materials and methods
Cell lines and cell culture

Fresh prostate tissue was obtained from
patients who had bladder cancer and undergo-
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ing the operation with a resected prostate.
Isolation and culture prostate stromal cells
from transitional and peripheral zones were
performed as described in our previous report
[11, 12]. Primer cells from passages 3-10 were
used for all experiments. BPH-1, PC3 and
WPMY-1 cells were maintained in RPMI-1640
medium with 10% FBS, and penicillin-strepto-
mycin (1%). Conditioned media (CM) were
obtained by 48-hour serum-starved cells, clari-
fied by centrifugation, and used freshly. All cells
were cultured in a humidified 5% CO2 atmo-
sphere at 37°C incubator. All experimental pro-
cedures were approved by the Institutional
Review Board of Shanghai General Hospital
and the patient informed consent was obtained
before tissue collection.

cDNA microarrays analysis

Total RNA was isolated from PZs and TZs cells
samples using TRIzol reagent and purified using
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Figure 2. Expression of LMO2 in WPMY-1 induces
proliferation and migration. A: PC3 and BPH-1
growth rates were enhanced in the presence of CM
derived from WPMY-1M92 gt day 4, compared with
the CM derived from WPMY-1N¢ control cells. B: CM
derived from cells engineered to overexpress LM0O2
increased the migration of PC3 and BPH-1 com-
pared with controls (original magnification, x 200).
C: Quantification of migration of PC3 and BPH-1 af-
ter cultured with CM. Histograms represent the me-
dian of 3 independent experiments. *P<0.05, when
compared with the control group.

B BPH-1+CM(WPMY-1") ~ BPH- 1+CM(WPMY.- 1“'02)

the RNAeasy Mini Kit (Qiagen GmbH, Hilden,
Germany). Affymetrix Human Genome U133
Plus 2.0 Array is used to identify differentially
expressed gene between PZs and TZs samples
and this GeneChips contains over 47,000 tran-
scripts. After hybridisation, arrays were sca-
nned and data were analyzed using the Gene
Chip Operating System (GCOS, Affymetrix,
Santa Clara, CA, USA). Only genes under 10%
FDR and with more than 2 fold change differ-
ence were considered as differentially ex-
pressed and chosen for further analysis. All
microarray data are available from the Gene
Ontology database (http:// www.geneontology.
org/).

Real-time qPCR

Total RNA was extracted from cell lines using
Trizol reagent (Invitrogen, CA, USA). Reverse
transcription and quantitative real-time RT-PCR
was carried out using the PrimeScript Reverse
Transcription System and SYBR Premix Ex Tag™
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Il kit (Takara, Dalian, China) according to the
manufacturer’s instructions. The specific prim-
ers for LMO2, IL.-11, and GAPDH were designed
from the respective Genbank sequence, syn-
thesized by Sangon (Shanghai, China). PCR
conditions include a denaturation at 94°C for 2
min, followed by 40 cycles of 5 sec at 94°C, 30
sec at 60°C, and 30 sec at 72°C. The relative
expression fold change of mRNAs was calcu-
lated using the 2-2¢t method. All reactions were
performed in triplicate.

Western blot analysis

Cells were washed twice with cold PBS and
lysed in ice-cold RIPA buffer (Beyotime, Jiangsu,
China) containing phosphatase and protease
inhibitors. Total protein was separated by dena-
turing SDS-PAGE gel electrophoresis and then
transferred onto PVDF membranes. Membranes
were incubated with the primary antibodies at
4°C overnight and subsequently hybridized
with horseradish peroxidase conjugated sec-
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Figure 3. Knockdown of LMO2 expression in PZs inhibits proliferation and migration of prostate cells. A: PC3 and
BPH-1 growth rates were significantly attenuated in the presence of CM derived from PZss"®NAMO2 compared with
the CM controls. B: PC3 and BPH-1 showed less migratory potential in the presence of CM derived from PZsshRNALMO2
than CM derived from control cells (original magnification, x 200). C: Quantification of migration of PC3 and BPH-1
after cultured with CM. Histograms represent the median of 3 independent experiments. *P<0.05, when compared

with the control group.

ondary antibody for 2 h at room temperature.
The protein bands were visualized using ECL
chemiluminescence kit (Boster, Wuhan, China)
and exposured to X-ray films. The following anti-
bodies were used for western blotting: goat
anti-LMO2 (1:1000; Santa Cruz Biotechnology,
Dallas, TX, USA); rabbit anti-GAPDH (1:2000;
Cell Signaling Technology, Beverly, MA); mouse
anti-stat3 and mouse anti-pstat3 (1:1000;
Santa Cruz Biotechnology, Dallas, TX, USA).

Immunofluorescence staining

PZs and TZs cells were grown on glass cover-
slips and fixed with 4% paraformaldehyde, per-
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meabilized 0.5% Triton X-100 and then blocked
with 5% bovine serum albumin in phosphate
buffered saline. The coverslips were then
exposed to primary antibodies as mentioned
above at 4°C overnight, followed by secondary
antibodies. Images were captured using fluo-
rescence microscope (Olympus Axiovert S100,
Japan).

Construction of lentiviral vectors

The hLMO2 gene fragment was excised from a
human cDNA library and subcloned into the ret-
roviral vector plLenti6.3-MCS-IRES-EGFP (In-
vitrogen, CA, USA) between the BamHI and Ascl
restriction enzyme sites. plLenti6.3-LMO2 or
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Figure 4. IL-11 is a mediator for WPMY-1M02 cells promotes proliferation and migration in PC3 cells. A: Cytokine array
analysis. CM collected for cytokine array analysis from WPMY-1""92 nd WPMY-1NC cells. B: RT-PCR analysis showing
MRNA levels of IL-11 in WPMY-1tM02 WPMY-1NC, PZgshRNALMO2 - gng PZgshRNANC  +P<(,05, when compared with the

control group.

pLenti6.3-NC was transfected into HEK293T
cells with a mixture of virus packaging plasmid
(Invitrogen, CA, USA). Lentivirus was produced
according to the previous report [13] and used
to transduce WPMY-1, prostate stromal cell. To
silence the expression of specific genes,
pGLV1/UG/EGFP lentiviral vector expressing
shRNA specific for human LMO2 and non-tar-
get shRNA were obtained from GenePharma
RNAi Company (Shanghai, China). The sequenc-
es of the shRNA for h(LMO2 gene were identical
in previous studies [14].

Cell proliferation assays

PC3 and BPH-1 cells were seeded in a 96-well
plate at the density of 3000 cells per well for
24 h and then 50 ng mI* IL-11 or CM derived
from PZSShRNA'LMO2, PZSshRNA-NC WPMY_lLMO2’
WPMY-1N¢ were added to each well. Cell prolif-
eration was evaluated using the CCK-8 assay
kit at indicated time point (Dojindo, Kumamoto,
Japan), according to the Manufacturer’s instruc-
tions. Each assay was performed in six repli-
cates and each experiment was repeated three
times.

Migration assay

The migration capacity of prostate cancer cells
were assessed using Corning transwell assay
as described. Cells were plated at density of 5
x 10% cells per well with serum-free culture
medium in the upper chamber of transwell
migration chambers (8.0 um), and CM derived
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from PZSShRNA-LMOQY PZSShRNA-NC, WPMY—]_'-M02,
WPMY-1N¢ were added to the bottom chambers.
After 24 h of incubation, cells remaining on the
upper surface of the membrane were removed
with a cotton swab, and the transmigrated cells
were fixed in methanol and stained with crystal
violet and stained cells were counted by photo-
graphing five fields per membrane at least 3
independent experiments.

L-based human antibody array

L-based human antibody array was performed
by Full Moon BioSystems, Inc. (Sunnyvale, CA).
WPMY-1-M02 and WPMY-1N¢ cells were seeded
in 6 cm culture dishes serum-starved for 24 h
and cell culture supernatant samples were bio-
tinylated using Biotin reagent. Biotin-labeled
supernatant samples were performed by
L-based human antibody array following the
manufacturer’s instructions (RayBiotech, Inc.).
The chip was scanned by Axon Genepix 4000B
scanner and the raw data was read using soft-
ware GenePix Pro 6.0.

Statistical analysis

Statistical analyses were performed using the
SPSS 17.0 statistical software (Chicago, IL,
USA). Data were presented as mean + stan-
dard deviation (SD) from at least three indepen-
dent experiments. The Student’s t test was
employed to assess statistically significant dif-
ferences. A P value <0.05 was considered as
statistically significant difference.

Int J Clin Exp Pathol 2016;9(11):11159-11168
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Figure 5. IL-11 promotes prostate cells proliferation and migration via activating STAT3. A: PC3 and BPH-1 cells were
incubated with CM from WPMY-1""°2 and WPMY-1"C, Levels of pSTAT3 were assessed using Western blot. B: PC3
were incubated with CM from WPMY-1¥92 with or without IL-11-blocking antibodies.

Results

LMO2 expression is upregulated in PZs versus
TZs

To investigate the expression profiles of genes
in PZs and TZs cell lines, global gene expres-
sion levels were measured using Affymetrix
Human Genome U133 Plus 2.0 Array contain-
ing over 47,000 transcripts. The expression lev-
els of select genes differed significantly
between PZs and TZs cell lines and the top ten
downregulated and upregulated genes are pre-
sented in Figure 1A. Among those genes whose
expression was most highly upregulated in PZs
versus TZs was LMO2. We chose to focus our
investigation on LMO2 because it was reported
to be involved with the regulation of cell prolif-
eration, apoptosis, and migration [10, 15, 16].
To verify the accuracy of these microarray
results, expression level of LMO2 was mea-
sured by a real-time quantitative PCR and west-
ern blot method. Figure 1B showed LMO2 dif-
ferentially expressed between PZs and TZs
cells by gRT-PCR measurement. We examined
the expression levels of LMO2 among the PZs
and TZs cells by western blot. Relative to PZs,
TZs showed lower LMO2 protein levels (Figure
1C). Furthermore, immunofluorescence stain-
ing was performed on PZs and TZs cells. This
analysis showed that LMO2 expression is
upregulated in PZs compared with TZs (Figure
1D). Consistent with the microarray data, our
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results suggest that expression of LMO2 was
upregulated in PZs compared with TZs.

LMO2 expression in WPMY-1 stromal cells
stimulates prostate cells proliferation and
migration

To test the function of LMO2 in stromal cells,
we first asked if overexpression of LMO2 in
WPMY-1 stromal cell can affect their ability to
stimulate tumor cell growth and migration. CM
was collected and co-incubated with PC3 and
BPH-1 cells. PC3 and BPH-1 cells growth rates
were enhanced in the presence of CM derived
from WPMY-1*M02 at day 4, compared with the
CM derived from WPMY-1NC (Figure 2A).
Transwell assay was introduced to investigate
whether the stromal cells over expression of
LMO2 regulated prostate epithelial cells migra-
tion. CM derived from cells engineered to over-
express LMO2 increased the migration of PC3
and BPH-1 (Figure 2B, 2C). These assays dem-
onstrated that overexpression of LMO2 in stro-
mal cells can promote the proliferation, migra-
tion of epithelial cells and may thus induce their
malignant transformation.

Knockdown of LMQO2 expression in PZs at-
tenuate proliferation and migration of prostate
cells

In order to investigate the effects of LMO2-
shRNA reconstituted PZs on tumor proliferation

Int J Clin Exp Pathol 2016;9(11):11159-11168
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and migration, we prepared a 24 h CM from
PZs with shRNA-LMO2 or empty vectors and
evaluated their ability to stimulate prostate cell
proliferation and migration. PZsshRNALMO2 G\
reduced the proliferative capacity of PC3 and
BPH-1 cells as compared with empty vectors
CM (Figure 3A). Given that alterations in the
expression of LMO2 in PZs were able to alter
the proliferation of prostate cells, it was next
determined if similar effects could be observed
on the motility activity of prostate cells. CM
derived from cells engineered to decreasing
LMO2 expression reduced the migrative abili-
ties of PC3 and BPH-1 compared with controls
(Figure 3B).

I-11 is a mediator for WPMY-1"92 cells pro-
mote proliferation and migration in prostate
cells

LMO2 overexpression in stromal cells can pro-
mote PCa cells proliferation and migration, we
speculated that WPMY-1M92 cells could secrete
some chemokines/cytokines/growth factors to
exert their effects. We conducted cytokine
array to investigate whether the secreted che-
mokines/cytokines were changed in WPMY-1
cell after transfected with LMO2 gene, and the
level of IL-11 was increased (Figure 4A). We
then assayed the mRNA level of IL-11 in stromal
cells. Overexpression of LMO2 in WPMY-1 cells
up-regulated IL-11 mRNA, while knockdown of
LMO2 in PZs down-regulated IL-11 mRNA com-
pared with their control (Figure 4B).

Paracrine of IL.-11 by prostate stromal cells
promote prostate cells proliferation and migra-
tion via activating STAT3

Phospho-STAT3 protein levels increased after
incubating PC3 and BPH-1 with WPMY-1:M02
condition medium (Figure 5A). The key role of
IL-11 mediated signaling is confirmed by treat-
ment of PC3 with IL-11 blocking antibodies dur-
ing their exposure to WPMY-1M°2 CM. IL-11
blocking antibodies are able to attenuate STAT3
protein phosphoralytion levels in PC-3 cells
(Figure 5B). These data indicate that IL-11 are
the best possible candidate molecules secret-
ed by WPMY-1'M92 cells to affect the prolifera-
tion and migration ability of prostate cells.
Recently, IL-11 has been reported to be impli-
cated with ability to growth of many human can-
cer[17]and has been associated with increased
metastatic potential in cancer cells [18, 19].
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IL-11 signals through a specific IL11Ra and a
common signal-transducing, gp130, to activate
the JAK-STAT pathway [20].

Discussion

Toinvestigate differences in gene expression in
different zones of the prostate by microarray
analyses, to better understand why aggressive
tumors predominantly occur in the peripheral
zone (PZ), whereas benign prostatic hyperpla-
sia (BPH) occurs almost exclusively in the tran-
sition zone (TZ) The present study aimed to
investigate differences in gene expression in
different zones of the prostate stromal cells, to
better understand the difference in propensity
of tumors in the zones of the prostate. Heul-
Nieuwenhuijsen et al have elucidated the dif-
ferences in mMRNA expression between PZ and
TZ in normal prostate tissue [5]. Noel et al [6]
have reported that 43 genes were differentially
expressed between the zones in normal tis-
sues. The miRNA expression was explored in
different zones of the prostate, and to investi-
gate the relationship between miRNA expres-
sion and incidence of cancer in the PZ and TZ.
The results revealed that the major differences
in MiRNA expression are found between the
two zones of normal prostate tissues [21]. The
two normal prostate zones consist of both stro-
mal and epithelial cells. The regulation of stro-
mal cells on prostatic epithelial cells is the key
factor for the development of prostate cancer
[22]. Therefore, it is important to consider stro-
mal cells characteristics when studying the
prostate zones. In the present study, we used
microarray analyses to show that there is dif-
ferential expression between the PZs and TZs,
and LMO2 gene was found to be expressed at a
higher level in the PZs. The mechanism by
which LMO2 expression levels are increased in
PZs cells is unknown.

LMO2 proteins are important regulators in
determining cell fate and controlling cell growth
and differentiation [23, 24]. Our studies dem-
onstrate that LMO2 gene and protein levels are
increased in prostate peripheral zone stromal
cells and that LMO2 exerts promotion impacts
to prostate cell proliferation and migration
through modulating the expression of an impor-
tant cytokines, IL-11. These observations sug-
gest that LMO2 expression in prostate periph-
eral zone stromal cells alters the balanced
prostatic microenvironment, which may con-
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tribute to prostate epithelial cells proliferation
and migration. The result of cytokines microar-
ray confirmed that multiple cytokines have
changed when increased LMO2 expression in
WPMY-1 cells, and the changes of IL-11 was the
most obvious. Moreover STAT3 pathways are
activated in PC3 and BPH-1 cells when cultured
with CM from WPMY-1 over-expressing LMO2.
Activation of STAT3 pathways in PC3 and BPH-1
cells by WPMY-1 overexpressing LMO2 indi-
cates that stromal cells support tumor growth
and migration. We identify that IL-11 is an
important genes, which mediate actions of
stromal LMO2 to prostate epithelial cells.
Consistent to the roles of IL-11 in enhancing
tumor cell proliferation and mobility, we
observed that CM from WPMY-1M92 cells pro-
moted not only prostate cell proliferation, but
also migration. In addition, LMO2 may play an
important role in prostate cancer progression,
via repression of E-cadherin expression in vitro
[10]. Signal transducer and activator of tran-
scription 3 (STAT3) is known to be involved in
the progression of prostate cancer (PCa) and is
a key factor in drug resistance and tumor immu-
noescape [25]. Inhibition of STAT3 activation
suppresses IL-6-mediated malignant conver-
sion and the associated invasive phenotype
[26]. IL-11 is a member of the IL6 family of cyto-
kines. It can induce the activation of three inde-
pendent downstream signaling pathways: the
signal transducer and activator of transcription
(STAT) pathway, the Ras-mitogen activated pro-
tein kinase (MAPK) pathway; and the phos-
photidylinositol-3 kinase (PI-3K) pathway [27,
28]. IL-11 can be produced by tumor associated
fibroblasts, and can be upregulated in cancer
cells as part of an autocrine signaling loop, and
promotes tumor progression [29, 30]. Studies
have indicated that IL-11 plays an important
role in the process of prostate cancer [31].

The overexpression of LMO2 in stromal cells
enhanced proliferation and modulated pros-
tate epithelial cells migration in vitro. Me-
chanisms of the above phenomenon may be
due to that LMO2 overexpressed stromal cells
should supports prostate epithelial cell growth
and invasion via paracrine IL-11. Prostate epi-
thelial-stromal interaction is the importance of
the progress in prostate cancer, especially the
key role of the stromal cells.

Acknowledgements

This study was supported by the grants from
the National Natural Science Foundation of
China (No. 81402101; No. 81572702).

11166

Disclosure of conflict of interest

None.

Address correspondence to: Shu-Jie Xia and Fu-Jun
Zhao, Department of Urology, Shanghai General
Hospital, Shanghai Jiao Tong University School of
Medicine, 100 Haining Road, Hongkou, Shanghai
200080, P. R. China. Tel: +86-13905278487;
E-mail: urologistxsj@163.com (SJX); Tel: +86-
13816026516; E-mail: drzhaofujun@yahoo.com
(FJZ)

References

[1]  Putzi MJ and De Marzo AM. Morphologic tran-
sitions between proliferative inflammatory at-
rophy and high-grade prostatic intraepithelial
neoplasia. Urology 2000; 56: 828-832.

[2] Pavelic J, Zeljko Z and Bosnar MH. Molecular
genetic aspects of prostate transition zone le-
sions. Urology 2003; 62: 607-613.

[3] Zins K, Thomas A, Lucas T, Sioud M, Aharine-
jad S and Abraham D. Inhibition of stromal
PIGF suppresses the growth of prostate cancer
xenografts. Int J Mol Sci 2013; 14: 17958-
17971.

[4] Wang XH, Zhao FJ, Han BM, Jiang Q, Wang YC,
Wu JH, Tang YQ, Zhang YP and Xia SJ. Primary
stromal cells isolated from human various his-
tological/pathological prostate have different
phenotypes and tumor promotion role. Chin
Med J 2011; 124: 1700-1707.

[5] van der Heul-Nieuwenhuijsen L, Hendriksen
PJ, van der Kwast TH and Jenster G. Gene ex-
pression profiling of the human prostate zones.
BJU Int 2006; 98: 886-897.

[6] Noel EE, Ragavan N, Walsh MJ, James SY,
Matanhelia SS, Nicholson CM, Lu YJ and Mar-
tin FL. Differential gene expression in the pe-
ripheral zone compared to the transition zone
of the human prostate gland. Prostate Cancer
Prostatic Dis 2008; 11: 173-180.

[71 John K, Ragavan N, Pratt MM, Singh PB, Al-
Buheissi S, Matanhelia SS, Phillips DH, Poirier
MC and Martin FL. Quantification of phase I/l
metabolizing enzyme gene expression and
polycyclic aromatic hydrocarbon-DNA adduct
levels in human prostate. Prostate 2009; 69:
505-519.

[8] Wul,XuY,Wang Q, Ruan C, Drexler HG, Wu D,
MacLeod RA and Chen S. High frequency of
cryptic chromosomal rearrangements involv-
ing the LMO2 gene in T-cell acute lymphoblas-
tic leukemia. Haematologica 2015; 100:
e233-236.

[9] Yamada Y, Pannell R, Forster A and Rabbitts
TH. The LIM-domain protein Lmo2 is a key reg-
ulator of tumour angiogenesis: a new anti-an-
giogenesis drug target. Oncogene 2002; 21:
1309-1315.

Int J Clin Exp Pathol 2016;9(11):11159-11168


mailto:urologistxsj@163.com

(10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

Biological effects of LMOZ2 in prostate stromal cells

Ma S, Guan XY, Beh PS, Wong KY, Chan YP,
Yuen HF, Vielkind J and Chan KW. The signifi-
cance of LMO2 expression in the progression
of prostate cancer. J Pathol 2007; 211: 278-
285.

Jiang Q, Han BM, Zhao FJ, Hong Y and Xia SJ.
The differential effects of prostate stromal
cells derived from different zones on prostate
cancer epithelial cells under the action of sex
hormones. Asian J Androl 2011; 13: 798-805.
Zhao FJ, Han BM, Yu SQ and Xia SJ. Tumor for-
mation of prostate cancer cells influenced by
stromal cells from the transitional or peripher-
al zones of the normal prostate. Asian J Androl
2009; 11: 176-182.

Wang X, Lee SO, Xia S, Jiang Q, Luo J, Li L, Yeh
S and Chang C. Endothelial cells enhance
prostate cancer metastasis via IL-6-->androgen
receptor->TGF-beta->MMP-9  signals. Mol
Cancer Ther 2013; 12: 1026-1037.

Hirose K, Inukai T, Kikuchi J, Furukawa Y, Ikawa
T, Kawamoto H, Oram SH, Gottgens B, Kiyoka-
wa N, Miyagawa Y, Okita H, Akahane K, Zhang
X, Kuroda I, Honna H, Kagami K, Goi K, Kuro-
sawa H, Look AT, Matsui H, Inaba T and Sugita
K. Aberrant induction of LMO2 by the E2A-HLF
chimeric transcription factor and its implica-
tion in leukemogenesis of B-precursor ALL with
t(17;19). Blood 2010; 116: 962-970.
Matthews JM, Lester K, Joseph S and Curtis
DJ. LIM-domain-only proteins in cancer. Nat
Rev Cancer 2013; 13: 111-122.

Sun ZJ, Cai Y, Chen G, Wang R, Jia J, Chen XM,
Zheng LW and Zhao YF. LMO2 promotes angio-
genesis probably by up-regulation of bFGF in
endothelial cells: an implication of its patho-
physiological role in infantile haemangioma.
Histopathology 2010; 57: 622-632.

Bollrath J, Phesse TJ, von Burstin VA, Putoczki
T, Bennecke M, Bateman T, Nebelsiek T, Lund-
gren-May T, Canli O, Schwitalla S, Matthews V,
Schmid RM, Kirchner T, Arkan MC, Ernst M and
Greten FR. gp130-mediated Stat3 activation in
enterocytes regulates cell survival and cell-cy-
cle progression during colitis-associated tu-
morigenesis. Cancer Cell 2009; 15: 91-102.

Li TM, Wu CM, Huang HC, Chou PC, Fong YC
and Tang CH. Interleukin-11 increases cell mo-
tility and up-regulates intercellular adhesion
molecule-1 expression in human chondrosar-
coma cells. J Cell Biochem 2012; 113: 3353-
3362.

Gupta J, Robbins J, Jilling T and Seth P. TGFbe-
ta-dependent induction of interleukin-11 and
interleukin-8 involves SMAD and p38 MAPK
pathways in breast tumor models with varied
bone metastases potential. Cancer Biol Ther
2011; 11: 311-316.

Campbell CL, Jiang Z, Savarese DM and Sava-
rese TM. Increased Expression of the Interleu-
kin-11 Receptor and Evidence of STAT3 Activa-

11167

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

tion in Prostate Carcinoma. Am J Pathol 2001;
158: 25-32.

Carlsson J, Helenius G, Karlsson MG, Andren
0, Klinga-Levan K and Olsson B. Differences in
microRNA expression during tumor develop-
ment in the transition and peripheral zones of
the prostate. BMC Cancer 2013; 13: 362.
Wikstrom P, Marusic J, Stattin P and Bergh A.
Low stroma androgen receptor level in normal
and tumor prostate tissue is related to poor
outcome in prostate cancer patients. Prostate
2009; 69: 799-809.

Yong T, Sun A, Henry MD, Meyers S and Davis
JN. Down regulation of CSL activity inhibits cell
proliferation in prostate and breast cancer
cells. J Cell Biochem 2011; 112: 2340-2351.
Appert A, Nam CH, Lobato N, Priego E, Miguel
RN, Blundell T, Drynan L, Sewell H, Tanaka T
and Rabbitts T. Targeting LMO2 with a peptide
aptamer establishes a necessary function in
overt T-cell neoplasia. Cancer Res 2009; 69:
4784-4790.

Canesin G, Evans-Axelsson S, Hellsten R,
Sterner O, Krzyzanowska A, Andersson T and
Bjartell A. The STAT3 Inhibitor Galiellalactone
Effectively Reduces Tumor Growth and Meta-
static Spread in an Orthotopic Xenograft
Mouse Model of Prostate Cancer. Eur Urol
2016; 69: 400-4.

Rojas A, Liu G, Coleman |, Nelson PS, Zhang M,
Dash R, Fisher PB, Plymate SR and Wu JD. IL-6
promotes prostate tumorigenesis and progres-
sion through autocrine cross-activation of IGF-
IR. Oncogene 2011; 30: 2345-2355.

Lay V, Yap J, Sonderegger S and Dimitriadis E.
Interleukin 11 regulates endometrial cancer
cell adhesion and migration via STAT3. IntJ On-
col 2012; 41: 759-764.

Heinrich PC, Behrmann |, Haan S, Hermanns
HM, Muller-Newen G and Schaper F. Principles
of interleukin (IL)-6-type cytokine signalling
and its regulation. Biochem J 2003; 374: 1-20.
Ernst M, Najdovska M, Grail D, Lundgren-May
T, Buchert M, Tye H, Matthews VB, Armes J,
Bhathal PS, Hughes NR, Marcusson EG, Kar-
ras JG, Na S, Sedgwick JD, Hertzog PJ and Jen-
kins BJ. STAT3 and STAT1 mediate IL-11-de-
pendent and inflammation-associated gastric
tumorigenesis in gp130 receptor mutant mice.
J Clin Invest 2008; 118: 1727-1738.

Putoczki TL, Thiem S, Loving A, Busuttil RA, Wil-
son NJ, Ziegler PK, Nguyen PM, Preaudet A,
Farid R, Edwards KM, Boglev Y, Luwor RB, Jar-
nicki A, Horst D, Boussioutas A, Heath JK,
Sieber OM, Pleines |, Kile BT, Nash A, Greten
FR, McKenzie BS and Ernst M. Interleukin-11
is the dominant IL-6 family cytokine during gas-
trointestinal tumorigenesis and can be target-
ed therapeutically. Cancer Cell 2013; 24: 257-
271.

Int J Clin Exp Pathol 2016;9(11):11159-11168



Biological effects of LMO2 in prostate stromal cells

[31] Zurita AJ, Troncoso P, Cardo-Vila M, Logothetis ceptor alpha as a candidate target in the pro-
CJ, Pasqualini R and Arap W. Combinatorial gression of human prostate cancer. Cancer
screenings in patients: the interleukin-11 re- Res 2004; 64: 435-439.

11168 Int J Clin Exp Pathol 2016;9(11):11159-11168



