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Abstract

Purpose: To investigate the function of limb bud and heart development (LBH) in 1a, 25-
dihydroxyvitamin D3 (1,25D)-mediated inhibitory effect on proliferation of prostate cancer cells.
Methods: The inhibitory effect of 1,25D on growth and cell cycle progression of lymph node carcinoma
of the prostate (LNCaP) cells was determined using cell counting kit-8 (CCK-8) assay, 5-ethynyl-2'-
deoxyuridine (EdU) assay and flow cytometry, while the expression levels of LBH in response to
treatment with 1,25D were determined by quantitative reverse-transcription PCR (gRT-PCR) and
western blottingting. The expression levels of LBH in cells were down/up regulated by transfection with
SiRNA or overexpression plasmids, and then cell growth and cell cycles were measured using the CCK-
8 assay, EdU assay, and flow cytometry. Finally, the growth inhibitory effect of 1,25D on LBH
knockdown cells were determined using CCK-8 and EdU assays.

Results: Treatment with 1,25D arrested LNCaP cells in GO/G1 phase of cell cycle, suppressed the
growth of the cells and induced the expression of LBH. Overexpression/knockdown of LBH in LNCaP
cells suppressed/promoted cell growth and accumulated/decreased cells in the GO/G1l phase.
Moreover, knockdown of LBH reversed the inhibitory effect of 1,25D on cell proliferation of LNCaP cells.
Conclusion: Inhibitory effect of 1,25D on cell cycle progression and cell proliferation might be via LBH.
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INTRODUCTION epithelial cells, including in prostate tissues and

in prostate cancer [1]. Although whether 1,25D
1,25-Dihydroxyvitamin D3, the biologically active ~could reduce the incidence and mortality of
form of vitamin D3, is the ligand for the vitamin D  prostate cancer is still controversial according to
receptor (VDR) that is widely expressed in the results of epidemiological studies, it is well-
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known that treatment with 1,25D could alter
growth and cell cycle of prostate cancer cells
[1,2]. However, the mechanism of how 1,25D
affects growth and cell cycle of prostate cancer
cells is still not fully understood. Treatment with
1,25D on LNCaP and PC-3 cells showed that
only LNCaP cells, but not PC-3 cells, were
arrested in GO/G1 phase. The results suggested
that 1,25D might function via p53, because
LNCaP cells had wild-type of p53, whereas PC-3
cells had an inactive p53 [21,22]. However,
further study using LNCaP cells with an
inactivate p53 due to over-expression of a
dominant-negative element of p53 showed that
applying 1,25D still arrested these cells in G1
phase[3]. These results suggested that besides
p53, other signaling pathways might be involved
in the development of prostate cancer.

LBH encodes a highly conserved protein which
functions as a tissue-specific transcription
cofactor [5]. It was first identified in the
embryonic limb bud and heart in mice, and
further found to be expressed in various adult
tissues, including the gut, peripheral nervous
system, spleen, lung, kidney, bones as well as

prostate [4,5]. Dysregulation of LBH is
associated with various diseases, such as
congenital heart disease, systemic lupus

erythematosus, rheumatoid arthritis, as well as
tumorigenesis, invasion, and metastasis [6-8].
Molecular and cellular functional studies showed
that LBH was the direct target of the Wnt
signaling pathway, and it could also directly
function as a tumor suppresser by inducing cell
cycle arrest [9,10]. Notably, analysis of
transcription profile of proliferating RWPE1 cells
under treatment with 1,25D showed that
expression of LBH was upregulated in these cells
[11].

In this study, the expression levels and cellular
function of LBH in LNCaP cells under treatment
with 1,25D were determined to find out whether
LBH was involved in 1,25D-mediated regulation
of cell proliferation and cell cycle of prostate
cancers.

EXPERIMENTAL
Cell culture and transfection

LNCaP cells were obtained from the American
Type Culture Collection (CRL-1740™, USA) and
maintained in Dulbecco's Modified Eagle Medium
(10566024, Gibco, ThermoFisher scientific, USA)
with 10 % fetal bovine serum. Plasmids and
shRNA were transfected into cells by
Lipofectamine 2000 (Invitrogen, Waltham. MA,
USA).

CCK-8 assay

LNCaP cells were cultured in complete medium
with different concentrations of 1, 25D which was

dissolved in DMSO for indicated hours in
sextuplicate in 96-well plates. Then, CCK-8
reagent was added into each well. After

incubation with the CCK-8 reagent for 1 hour, the
absorbance at 450 nm was read a microplate
reader (Infinite M200, Tecan Systems, San Jose,
CA, USA).

EdU cell proliferation assay

Cell proliferation was measured using an EdU
assay kit (C10637, Invitrogen, ThermoFisher
scientific, USA). Briefly, 5x10%well LNCaP cells
were cultured in sextuplicate in 96-well plates
and stimulated with different concentrations of
1,25D for 48 h. After EdU labeling, the cells were
fixed and permeabilized, and then treated with
Click-iIT® reaction cocktail. After a 30 min
incubation, the nuclei were stained with DAPI
and visualized using a fluorescence microscope.
The EdU positive cells with fluorescence were
counted.

Cell cycle analysis

Cells of each group were collected and fixed
with 75 % ethanol. The fixed cells were
further incubated in phosphate-buffered
saline (PBS) containing 0.5 % (v/v) Triton X-
100, 250 pg/mL RNase A and 50 pg/mL
propidium iodide (Pl, P4170, Sigma, USA)
for 30 min in the dark, and then the stained
cells were subjected to an Accuri. C6 flow
cytometer (BD Biosciences, USA) for DNA
content analysis. Cell cycle distribution was
calculated according to the DNA content.

qRT-PCR

Total RNA was extracted from the cells using
TRIzol RNA isolation reagents (15596026,
Invitrogen,  ThermoFisher scientific, USA)
following the manufacturer's protocol. The quality
and quantity of the RNA samples were assessed
using Nanodrop 2000 (ThermoFisher scientific,
USA). The RNA (1 pg) was used as template for
reverse transcription through the PrimeScript
RT reagent Kit with the gDNA Eraser (RR047Q,
Takara Biomedical Technology (Beijing) Co., Ltd,
China). Real-time PCR was performed on an
Applied Biosystems™ 7500 Fast Real-Time PCR
Instrument (Applied Biosystems™, ThermoFisher
scientific, USA) using SYBR® Premix Ex Taqg™
II' (RR820L, Takara Biomedical Technology
(Beijing) Co., Ltd, China). The nucleotide
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sequences of primers used for real-time PCR
were listed in Table 1:

Table 1: Primers used in real-time PCR

Primer Sequences (5'to 3')

LBH-sense GCCCCGACTATCTGAGATCG
LBH-antisense GCGGTCAAAATCTGACGGGT
B-actin-sense CCCTAAGGCCAACCGRGAAA

B-actin- ACGACCAGAGGCATACAGGGA

antisense

Western blotting

Proteins were extracted in RIPA buffer and
the protein concentrations of extracted
proteins were determined using a Pierce®
BCA Protein Assay Kit (23227, ThermoFisher
Scientific, USA). Then, 10 ug extracted
proteins were loaded and separated by SDS-
PAGE and then transferred onto PVDF
membranes [20]. The membranes were then
blocked in 25 mL 5 % (w/v) non-fat milk in
PBS for 1 hour. Subsequently, the membrane
was washed with TBST and incubated with a
LBH primary antibody (ab173737; Abcam,
Cambridge, UK) at 4°C for overnight. After
washing with TBST for three times, the
membranes were incubated with a secondary
antibody for 45 min at room temperature.
Finally, blots were visualized with Pierce™
ECL Western Blotting Substrate (32109,
ThermoFisher Scientific, USA). GAPDH was
used as an internal reference.

LBH

Construction of shRNA and

overexpression plasmids

Full length coding sequences of LBH was
amplified using KOD-Plus-Neo DNA polymerase
(Toyobo, Japan) with the following primers (from
5' to 3'): forward: CCCGTGTCATCCTCACTCG
and reverse: CAGATGCTGGCTGGTATGACC.
The PCR products were ligated into a pcDNA3.1
vector (Invitrogen) and sequenced for validation.
The target sequences of shRNA were designed
using the BLOCK-iT" RNAi Designer and cloned
into the pLKO.1 vector. The target sequences
were (from 5' to 3"): shRNA1:
GGATGGCCTTTCCTACCAGAT; shRNAZ2;
GGCCTTTCCTACCAGATCTTC, and shRNAS3:
GCCTTTCCTACCAGATCTTCC.

Statistical analysis

All data are presented as mean = SEM and were
analyzed by Student’s t test or one-way ANOVA
(ANOVA), using IBM SPSS software (version
19.0, Statistical Product and Service Solutions,
USA). P < 0.05 was considered as significant
difference.

RESULTS
Treatment with 1,25D upregulated the
expression of LBH in LNCaP cells

Upregulation of LBH in the transcription
profile of normal prostate RWPEL cells under
treatment with 1,25D suggested that LBH
might be involved in 1,25D-mediated
regulation of cell proliferation and cell cycle
in prostate cancer cells. Thus, the inhibitory
effect of 1,25D on LNCaP cells was
confirmed data from CCK-8 assay, EdU cell
proliferation assay and cell cycle analysis
after treatment with 1 nM, 10 nM and 100 nM
1,25D. As expected, 1,25D suppressed cell
growth in a dose-dependent manner, as the
inhibition effect increased with increasing
concentration of 1,25D (Figure 1 A-C). And
cell cycles of LNCaP cells were also altered
by treatment with 1,25D. Cells in GO0/G1
phase increased with increasing
concentration of 1,25D, whereas the
percentages of cells in G2/M plus S phases
were decreased (Figure 1D). The mRNA
level of LBH was significantly upregulated 1
h after treatment with 1,25D and was
continually induced for 48 h in LNCaP cells.
The protein levels of LBH were also
upregulated following treatment with 1,25D
(Figure 1E and F). These results indicate
that treatment with 1,25D suppresses cell
cycle progression and cell proliferation, but
induced expression of LBH in LNCaP cells.
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Figure 1: Treatment with 1,25D up-regulated the
MRNA and protein levels of LBH. (A) Growth curves of
cells treated with 1,25D were obtained by CCK-8
assay. (B,C) Representative fluorescent images
(magnification, x200) of EdU assay were shown and
the average numbers of EdU-labeled cells were
counted. (D). Cell cycle distribution was analyzed by
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flow cytometry after Pl staining. (E) Relative mRNA
expression levels of LBH under treatment with 100 nM
1, 25D were determined by gRT-PCR. (F) Relative
protein expression levels of LBH under treatment with
100 nM 1, 25D were determined by western blotting;
*p < 0.05, *p < 0.0, **p < 0.001 compared with NC

LBH suppressed cell proliferation and the
cell cycle

To further analyze the cellular function of
LBH, shRNA-mediated knockdown plasmids
and overexpression plasmids for LBH were
constructed. Cells transfected with LBH
overexpression or shRNA-mediated
knockdown plasmids showed significantly
higher or Ilower expressions of LBH,
respectively, which indicated the high
efficiency of the plasmids (Figure 2).
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Figure 2: LBH was knocked down or

overexpressed in LNCaP cells. The efficiency of
shRNA and overexpression of LBH plasmids were
determined by qRT-PCR; ~'p < 0.001 compared
with the scramble or control vector (CV)

Then whether LBH affected cell growth was
determined. Growth curves obtained using
the CCK-8 assay showed that knockdown of
LBH by transfection with shRNA significantly
increased cell growth at 72 h, whereas
overexpression of LBH decreased the cell
growth compared with both controls
(scramble or CV). (Figure 3A). The Click-iT
EdU cell proliferation assay further showed
that there were more/less dividing cells in the
LBH knockdown/overexpression groups
when compared with control groups
(scrambled/CV) (Figure 3B and C).

These results showed that cell growth was
regulated by LBH. Considering that cell
growth is usually affected in the GO0/G1
phase during the cell cycle, effect of LBH on
the cell cycle was assessed using flow
cytometry. The results showed that
overexpression of LBH increased the
percentage of cells accumulating in the

GO0/G1 phase and decreased the percentage
of cells in the S phase; whereas knockdown
of LBH had the opposite effect when
compared with the control groups (Figure
3D). Taken together, these results showed
that expression of LBH suppressed cell
proliferation and delayed cell cycle at the
GO0/G1 phase.
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Figure 3: Expression of LBH regulated cell
proliferation and cell cycle. (A) Growth curves of cells
with knockdown (sh-LBH) or overexpression (OE-LBH)
of LBH were analyzed by CCK-8 assay. (B,C).
Representative fluorescent images (magnification, x
200) of EdU assay were shown, and the average
numbers of EdU-labeled cells were counted. (D) Cell
cycle distributions were analyzed by flow cytometry
after Pl staining; **p < 0.01 compared with NC

LBH was involved in 1,25D-mediated
inhibition of cell proliferation

Since over-expression of LBH suppressed
cell cycle progression and cell growth,
whether inhibitory effect of 1,25D on cell
cycle progression and cell growth was via
inducing LBH was determined. If so,
knockdown of LBH should eliminate or
attenuate the inhibitory effect of 1,25D. Thus,
cell growth of LBH knock-down cells under
treatment with 1,25D was measured. The
growth curves obtained using the CCK-8
assay showed that knockdown of LBH
attenuated the inhibitory effect of 1,25D on
cell growth. The growth rate of LBH knock-
down cells combined with treatment with
1,25D was between the value for LBH knock-
down cells and 1,25D treated cells (Figure
4A). EdU assay also showed similar results.
The number of dividing cells of LBH knock-
down cells combined with treatment with
1,25D was between the value for LBH knock-
down cells and 1,25D treated cells (Figure
4B and C). These results indicate that 1,25D
suppressed cell proliferation, partially via up-
regulating the  expression of LBH.
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Knockdown of LBH hindered the inhibitory
effect of 1,25D on cell growth.
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Figure 4: Knockdown of LBH reduced the inhibitory
effect of 1,25D on cell growth. (A) Growth curves of
cells were analyzed by CCK-8 assay. (B,C).
Representative fluorescent images (200x) from EdU
assay are shown, and the average numbers of EdU-
labeled cells undergoing division were counted; **p <
0.01 compared with mock group; #p < 0.05, ##p <
0.01 compared with sh-LBH + 1,25D group
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DISCUSSION

Prostate cancer is one of the most commonly
diagnosed cancer, and the incidence of prostate
cancer was approximately 1.6 million in 2015. It
has been the second most common cause of
cancer deaths in men, accounting for 29 %
[12,13]. Although most of prostate cancer usually
will not affect the life expectancy of patients, the
rapidly progressive metastasizing and therapy-
resistant prostate cancer in advanced stages is
aggressive, with a poor prognosis. Traditional
chemotherapy and radiation therapy only have
palliative effects on these resistant cancers.
Consequently, there is a need to determine the
molecular pathways underlying the development
and progression of prostate cancer, so as to
develop more effective drugs and identify better
therapeutic targets.

Limb bud and heart development (LBH) was first
isolated as a novel tissue-specific transcription
cofactor in mice, and it was implicated in
embryonic heart development. In human breast
cancer, LBH was overexpressed in aggressive
basal subtype cells rather than low invasive or
normal epithelial cells [5]. LBH suppressed the
growth of NPC cells [9]. These results suggested
that LBH might function as an anti-oncogene.
The 1,25D was reported to inhibit proliferation,
change the cell cycle, and stimulate apoptosis in
VDR-positive cancer cells. In this study, the
results showed that 1,25D regulated the cell
function via LBH in prostate cancer cells.

The expression of the LBH was upregulated in
response to 1,25D in a continually induced
manner was first established in this study. This
result indicated that LBH were implicated in
1,25D-mediated regulation of cellular functioning.

Then, the cellular function of LBH was
determined and the results showed that
expression of LBH could suppress cell

proliferation and delay the cell cycle at the GO/G1
phase. Moreover, knockdown of LBH attenuated
the inhibitory effects of 1,25D on the cell
proliferation. Taken together, these results show
that LBH were involved in 1,25D-mediated
regulation of cell functions. One of the possible
mechanisms is that upregulation of LBH delays
cell cycle and inhibits cell proliferation via cyclins.
It has been reported that cyclins, such as cyclin
D1, E1, and E2, were decreased by up-
regulation of LBH [9]. Cyclin D1 is necessary for
transition from G1 into S phase, and cyclin E1
and E2 activate CDK2 to drive cells from G1to S
phase [14,15]. Moreover, decreased activity of
CDK2 has also been found in vitamin D-treated
prostate cancer cells [16]. Thus, LBH regulates
cell proliferation might be via cyclins. However,
how LBH regulates CDKs requires further study.

Notably, aberrantly activated Wnt/B-catenin
pathway is involved in various cancers, and
expression of LBH is also induced by Wnt3a in
breast cancer cells [10]. And 1,25D could inhibit
Whnt/B-catenin signaling by several mechanisms,
including activation of VDR or induction of the
expression of E-cadherin or the Wnt antagonist
Dickkopf-1 [17-19]. Thus, it was possible that
expression of LBH may be differentially regulated
by several signaling pathways. And treatment
with 1,25D not only inhibited Wnt/3-catenin
signaling, but also upregulated the expression of
LBH, both leading to inhibition of prostate cacner
cell proliferation.

CONCLUSION

The results of the present study provide a better
understanding of the cellular functions of LBH in
prostate cancer cells. Expression of LBH
suppressed cell cycle progression and cell
proliferation and was induced by treatment with
1,25D in prostate cancer cells. 1,25D-mediated
inhibitory effect on cell cycle progression and cell
proliferation probably occurs by inducing
expression of LBH.
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