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ABSTRACT
Leucine-rich repeat-containing G-protein coupled receptor 5 (LGR5)

is a marker for intestinal cancer stem cell and is a target gene of the
Whnt/B-catenin signaling pathway, which play an important role in
carcinogenesis.

In the existing study, evaluation of LGR5, B-catenin and c-Myc
MRNA expression by real-time PCR were identified in 40 colon
cancer tissue samples in addition to 20 sample from the healthy safety
margin of colon cancer as a control.

The LGR5, B-catenin and c-Myc mRNA expression levels were
detected in HT-29 colon cancer cell line after transfection with sSiRNA
LGRS5. Then the cells were devided in to following groups: first group
was not transfected and representing the control, the seconed group
was treated with Lipofectamine® RNAIMAX transfection reagent
only to exclude the toxic effect of Lipofectamine, the third group was
treated with siRNA, the fourth group was treated with 5-Flurouracil
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drug and the fifth group was treated with 5- Flurouracil after sSiRNA
treatement. The viability of the cells in all groups were measured by
Vybrant MTT Cell Proliferation Assay Kit.
LGR5 expression was elevated in colon cancer tissue samples as
compared to that of healthy tissues (P<0.05). Also knockingdown of
LGR5 decreased the mRNA expression of B-catenin and c-Myc in
HT29 colon cancer cells moreover, decreased the growth rate of HT29
cells and this decline in cell growth was more after combination of
LGR5 and 5-Flurouracil treatement. These results reported that LGR5
expression could be important for CRC cell proliferation and targeting
it improves the response to chemotherapy showing that LGR5 may
provide new therapeutic strategy for colon cancer.

INTRODUCTION
Colon cancer represents the third most common cancer globally in
men and women and the second important cause of deaths associated
to cancer. The most important factors that lead to high death and poor
survival rates linked to this disease are tumor relapse and metastasis to
distant organs (Chih Hsu et al, 2014)

Little number of cells within the tumor, called cancer stem cells
(CSC), are able to restoration of the tumor. Also, CSCs may be the
cause of resistance to chemotherapy, relapse of tumor and distant
metastasis. Thus, targeting CSC may have a valuable effects in cancer
treatement (Visvader et al., 2008).

LGRS is a marker for intestinal stem cells. Several studies reported

that most of intestinal tumors might come from LGR5 stem cells. It

2




STUDY OF THE ROLE OF LEUCINE-RICH REPEAT ........

acts as receptor for R-spondin which is a Wnt/p-catenin signaling
agonist (Carmon et al., 2011).

LGR5, when bound to R-spondin acts to potentiate Wnt/B-catenin
signaling by binding to two transmembrane E3 ligases, RNF43 and
ZNRF3. These catalysts considered to be Wnt targets that perform a
negative feedback loop to regulate Wnt signalling by eliminating Wnt
receptors from the cell surface (de Lau et al., 2011).The Wnt
signaling has a critical role in development of normal stem cells plus
its role in the pathogenesis of many tumors (Lin et al., 2015).

LGR5 expression is elevated in different types of tumor, as
hepatocellular carcinoma and ovarian cancer. The upregulation of
LGR5 expression is accompanying by an intensification in the activity
of the Wnt/B-catenin signaling (Kemper et al., 2012)

The aims of this study were to rveal the association between the
MRNA expression of LGRS, p-catenin and c-Myc (the Wnt/p-catenin
signaling targeted oncogene) in colon cancer tissue samples and HT29
cell line. Additionally to assess the impact of knocking down of LGR5
on the development of colorectal disease cell line as a want to locate

another procedure for colon malignancy treatment.

MATERIALS AND METHODS

The present study was approved by the Institutional Review Board
(IRB) Committee of Mansoura University, Faculty of Medecine with
code number MD/16.02.13.

This study was done at Medical Biochemistry Departement and
Mansoura Expiremental Research Center (MERC), Faculty of
Medecine, Mansoura University.
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Tissue samples were collected from 40 patients with colon cancer
during surgery at Gastroenterology Surgical Center, Mansoura
University, Faculty of Medicine. Those patients didn't receive
chemotherapy or radiotherapy before the operation.The
clinicopathological parameters of the studied patiants were illustrated
in (Table 1). In addition, 20 samples from the healthy safety margin
of colon cancer which were pathologically confirmed to be free from
colon cancer were included as a control group. A written informed
consent was provided for all patients befor the surgery.

Table (1): Clinic pathological parameter of the studied patients.

Parameter Percent
RT 65.0%
LT 35.0%
stage 1 7.5%

Stage stage? 37.5%
stage 3 55.0%
Early 45.0%
Stage Late 55.0%
<2 5.0%

. >2to<4 25.0%
tumorsize =7 0<6 37.5%
>6 32.5%
grade 1 12.5%
grade 2 80.0%
grade 3 7.5%

Tumor tissue samples, as well as the normal tissue, were immediately
submerged in RNAlater (Qiagen, Germany)", incubated at 4°C at least
overnight, then total RNA extraction was performed in the next day.

Determination of LGRS, p-catenin and c-Myc gene expressions
by real-time PCR (RT-gPCR): RNA purification was done
4
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according to the protocol of Chomczynski (1993) Using TRIzol
reagent (Invitrogen, USA.). Complementary DNA was then
synthesized. It was done by using Thermo Scientific Maxima First
Strand cDNA Synthesis Kit with dsDNase (Thermo Scientific,
Rockford, USA).

Primer sets for B- Actin, LGRS, B-catenin and c-Myc genes were
designed using Primer3PLUS software (v. 0.4.0)
[http://frodo.wi.mit.edu/].

The sequences of the primer pairs were: LGR5 forward, 5'-
GGAGTTACGTCTTGCGGGAA -3, reverse, :5'-
CATCCAGACGCAGGGATTGA- 3" and the product length was 161
bp, p-catenin forward, :5° GCTGGGACCTTGCATAACCT - 3,
reverse :5'- CGCACTGCCATTTTAGCTCC - 3" and the product
length was 179 bp : C- Myc forward
:5"TACAACACCCGAGCAAGGAC- 3, reverse :5'-
GCTGGTTTTCCACTACCCGA 3’ and the product length was 156
bp, B-actin forward, 5> GTGGCCGAGGACTTTGATTG 3°, reverse,
5> GTGGGGTGGCTTTTAGGATG 3’ and the product length was
104 bp, B-actin was used as the control gene.

Then, real-time PCR assays were done using the Applied
Biosystem7500, real-time PCR detection system (Life technology,
USA), according to the method described by Freeman et al., (1999)
using SensiFAST SYBR Lo-ROX PCR Master Mix Kit (Bioline,
United Kingdom). The total volume was 20 pl and the thermal
reaction profile was as follow: initial denaturation at 95°C for 2 min,
40 cycles of 95°C for 5 s, 60°C for 30 s. Cycle threshold (Ct) method
(2-%“"y was used for fold induction values calculation (Livak and
Schmittgen, 2001).

Cell culture and transfection: HT-29 colon cancer cell line was

used. The cells were growed in RPMI-1640 (Gibco, USA)

complemented with 10% fetal bovine serum and 1% penicillin,
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streptomycin. The cells were preserved at 37°C with 5% CO;
incubator. Culture medium was changed every 3 days.

Small interfering RNA (siRNA) specifically targeting human LGR5:
LGR5 siRNA (h): was obtained from Santa Cruz Biotechnology
(Cat.no. sc-62559). Lyophilized siRNA was resuspend in 330 pl of the
RNAase-free water this resuspension makes a 10 uM solution

Assessment of the cellular transfection by RT-PCR (Lin et al.,
2015): Control cells and LGR5-siRNA-transfected cells were planted
in 6-well plates (100000 cell per well) in 2 ml RPMI 1640 medium
with 10% FBS without antibiotics and nursed in a 37 °C incubator
with 5% CO; until cells were adhered to the wells (24 hrs).
Transfection complex was prepared using Lipofectamine®
RNAIMAX transfection reagent (Invitrogen) and opti-MEM reduced
serum media (Gibco) as stated by the manufacturer's protocol. 250 pl
of the transfection complex was added to the group of transfection
only. 48 hrs. After transfection, cells were trypsinized using 0.25
trysin and RNA extraction from the cell pellets was made using
TRIzol reagent (Invitrogen, USA.) following the manufacturer's
instructions. Reverse transcription and -PCR were done after
transfection using previously established techniques for mRNA

expression assay of LGRS, B-catenin and c-Myc.

Detection of cell proliferation (MTT assay) : The HT29 cells were
arranged in the following groups: control cells without transfection,
Lipofectamine® RNAIMAX transfection reagent,
LGR5-siRNA-transfected cells, 5-Flurouracil (Sigma Aldrish) treated
cells and combined 5-Flourouracil and transfection cells
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The half maximal inhibitory concentration (ICso) for 5-Flurouracil
was calculated according to the protocole of Stojak et al., (2012)
using Graph Pad Prism software version (7) (Figurel). The cells were
seeded at 1000 cells/well in 96 well tissue culture plate. The plate was
incubated at 37°C and 5% CO; incubator. The drug was added to the
cells at serial concentrations of 100 to 6.25 microgram/ml except
control which is cell without treatement. The treated cells then were
incubated for 48 hours at 37 °C and 5%CO2. The viability of the cells
was assayed using MTT assay Kit. The drug was added to 2 groups
only (5-Flurouracil treated cells and combined 5-Flourouracil and
transfection cells).

Percent of celluler inhibition

o =1¢] 100 150

Flurouracil conc. ng/ml

Figure (1): Diagram of IC50 calculated in ug/ml using Gragh Pad prism

software.

The cells in different groups were seeded at density of 20,000 cells
into 96-well plates in 100 pl medium for each well. The 96-well
plates with cells were then nursed in a 37 °C incubator with 5% CO2
until cells were adhered to the wells. In the next day, transfection

complexes were prepared using, RNA-Lipofectamine RNAIMAX as
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transfection reagent according to the manufacturer’s instructions and
were delivered to cell in 100 ul fresh media

After 48 hrs., the MTT assay stock solution ((Thermo Fisher
Scientific, US) was prepared according to the manufacturer’s
instructions and 10 pl of it was added to each well. Color intensity
was measured using an Eliza reader at 540 nm.

The percentage growth inhibition was calculated using following
formula, (Patel et al., 2009) % Cell inhibition= 100-{(At-
Ab)/ (Ac-Ab)} x100

Where, At= Absorbance value of test compound (siRNA and 5-
Flurouracil), Ab = Absorbance value of blank, Ac=Absorbance value

of control
RESULTS

Statistical analyses were done by Statistical Package for the Social
Sciences (SPSS) software (version; 21). P<0.05 represent a

significant difference between values.

LGRS, B-catenin and c-Myc mRNA expression assays were done
using RT-PCR.Their median and interquartile rang (IQR) in tumor
tissue as well as the control group were illustrated in (Table 2). There
were overexpression of LGRS, B-catenin and c-Myc mRNA levels in
tumor tissue as compared to that of the control samples (P=0.0005,
0.002 and 0.011, respectively).
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After knocking down of LGR5 expression by siRNA in HT29 cell
line, RT-gPCR reported that there is a significant 66% decline in
MRNA expression of LGR5 (P=0.004) in comparison to non-
transfected cells. Also, knockingdown of LGR5 significantly reduced
the MRNA expression of B-catenin and c-Myc by 42% (P=0.022) and
27% (P=0.016), respectively, in comparison of non -transfected cells
after 48 h post-transfection (Table 3).. These data reported that
knockingdown of LGR5 may reduce the activity of wnt pathway by

decreas the of B-catenin expression.

Knockingdown of LGRS attenuated colon cancer cell growth rate. The
viability of HT29 cells after LGR5-knockingdown was measured
using the Vybrant MTT Cell Proliferation Assay Kit.

As showed in (Table 4), The growth of HT29 cell was inhibited after
LGR5 knockingdown in comparison of control group. Also
knockdown of LGRS improve the response of HT29 cell to 5-
Flurouracil drug. Pairwise comparisons revealed that the viability
percentage was statistically significantly lower in transfection group
as compared to that of both control and lipofectamine treated groups
and statistically significantly higher as compared to that of the

chemotherapy and combined groups.
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Table (2): Comparison of LGRS, pB-catenin and c-Myc mRNA

expression in patients and control.

Groups

Control

Cases

Medi

an| IQR

Median

IQR

0.3

0.20-0.88

8 3-22

0.0005*

catenin 0.6

0.24-0.83

14 0.43-0.7

0.002*

c-Myc

0.1-0.7

Data expressed as median (Range)

Test used: Wilcoxon

signed rank test

0.3-3.2

0.011*

Table (3): Comparisons of gene expression of the three genes

between the control and transfection group.

Biomarker

Groups

Control

Transfection

LGR5

1.2+0.33

0.4+0.13

B-catenin

0.95+0.19

0.55+0.16

c-Myc

1.1+0.15

Data is presented as mean and SD.

P value by *Independ

ent-Samples t-test.

0.8+0.05
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Table (4): Comparisons of the viability percentage between the 5
treatment groups after cell line transfection with LGR5 siRNA.

I groups I

Controle

lipofectamine

Transfection

Chemotherapy

Combined

Median 98.00
percentage

98.64

59.32

39.00

29

L (97-98)
of viability IOR

(98-99)

(48-70)

(37-40)

(26-34)

<0.0005*

Data expressed as median (IQR).

P1=<0.001*
P2=<0.001*

P:Probability *:significance <0.05
Test used: One way ANOVA followed by post-hoc tukey
P1= significance relative to Control group
P2= significance relative to lipofectamine group
P3= significance relative to transfection group
P4= significance relative to chemotherapy group

DISCUSSION

P1=<0.001*
P2=<0.001*
P3=0.004*

P1=<0.001*
P2=<0.001*
P3=<0.001*

P4=0.028*

LGR5, the Wnt signaling pathway target gene, acts as a receptor for

the Wnt agonist R-spondin that enhancesthe activity of Wnt signaling,

was recognized as a marker for intestinal stem cells. The present study

showed that there is significant increase of LGRS5, B-catenin and c-

Myc expression level in colon cancer in comparison of the control

tissues.
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This result is analogous with the results of some of previous studies.
Overexpression of LGR5 in colon cancer was stated by McClanahan
et al. (2006) By using RT-PCR methods, they revealed that LGR5
MRNA was increased in 64 % of the cases. Also, Uchida and
colleagues (2010), observed that there is an overexpression of LGR5
mRNA in cancer and adenoma.

In the present study, a decrease in B-catenin and c-Myc mRNA
expression levels were detected following knockdown the expression
of LGRS. Also the cell growth of HT29 cell line was inhibited and its
response to the chemotherapeutic drug 5-Flurouracil after knocking
down the expression of LGR5 was improved. These data showed that
LGR5 may regulate the Wnt signaling activity via affecting the

expression of B-catenin.

Fan et al., (2010), Scannell et al., (2013 ) have detected a decrease in
proliferation, migration and growth rates of colon cancer cell lines
after transient transfection with siRNA LGR5. Marcker Espersen et
al. (2015) have showed that decrease the expression of LGRS in two
colon cancer cell lines decreased their growth rates and improving
their sensitivity towards 5-FU and oxaliplatin. Conversely, Walker et
al (2011) showed that knocking down of LGR5 inhanced invasion,
and enriched tumorigenicity in a xenograft model.

This study concluded that LGRS is overexpressed in Colon Cancer
and also positively correlated with wnt pathway. LGR5 Knockdown
decreases the cell growth of Colon Cancer cell line HT29 by decrease

the activity of Wnt signaling. Also Knockdowing of LGR5 improves

12
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the chemo-sensitivity of colorectal cancer cell line HT29. Our results
suggest that LGR5 could be both a marker for CSCs and a prospective
therapeutic target for Colon Cancer therapy. Further studies on large
scale are required to reveal additional molecular mechanisms for how
the LGR5 controle colon carcinogenesis and determine the efficacy of
targeting LGR5 in Colon Cancer.

Acknowledgements: Special thanks to Dr Walid Fayad at National

Research Center for providing us with HT29 colon cancer cell line.
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21829496
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=21829496
http://www.ncbi.nlm.nih.gov/pubmed/?term=Odorizzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21829496
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burgess%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=21829496
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