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Background: Gastric cancer (GC) is a common malignant tumor of the digestive system. In 

addition, GC metastasis is an extremely complicated process. A previous study has found that 

lysine-specific demethylase 1 (LSD1) is abnormal expression in a variety of cancers and its 

overexpression correlates with aggressive disease and poor outcome. 

Methods: qRT-PCR and Western blot assays were used to assess the expression of LSD1 in 

GC tissue samples and cell lines. Colony formation assay, CCK-8 assay, scratch-wound assay 

and transwell invasion, were performed to determine the effect of LSD1 on cell proliferation 

and migration as well as invasion in GC. 

Results: Our results show that LSD1 was up-regulated in GC tumor tissues and cell lines, and 

high expression level of LSD1 was found to be positively correlated with tumor size, lymph 

node metastasis and pathological grade. Moreover, LSD1 promoted cell proliferation, migration 

and invasion of GC. In addition, LSD1 regulated E-cadherin expression through demethylating 

H3K4me2, thereby promoting EMT in GC.

Conclusion: Our work indicated that LSD1 may be used as a potential target of gastric cancer. 

Keywords: LSD1, EMT, E-cadherin, H3K4me2, gastric cancer

Introduction
Gastric cancer (GC) has been become the most common gastrointestinal cancer in the 

world.1,2 Although the surgical techniques and chemotherapy have been improved, the 

5-year overall survival rate for patients with GC is still unsatisfactory.3,4 Like other 

cancers, GC tumorigenesis is a multistep process involving gene expression, epigenetic 

alterations as well as environmental factors.5 However, the molecular mechanisms of 

GC carcinogenesis needs to be investigated further.

Previous work has proven that lysine-specific demethylase 1 (LSD1) can remove 

mono- and dimethyl groups from histone 3 lysine 4 (H3K4) and histone 3 lysine 9 (H3K9), 

moreover, it can also target nonhistone proteins, such as DNMT1, E2F1 and p53.6–8 

Although LSD1 has been reported to function as a corepressor of transcription factors, 

such as REST, it also has been reported to function as a coactivator of specific transcription 

factors by removing H3K9 methylation, indicating that its substrate specificity defines 

its biological outcome.9–11 LSD1 has been found an abnormal expression in a variety of 

cancers and its overexpression correlates with aggressive disease and poor outcome.12,13

Epithelial-mesenchymal transition (EMT) is a fundamental process involving 

embryonic development, scratch-wound healing and fibrotic disease,14,15 but multiple 

evidence has proven that EMT also plays a crucial role in the genesis, invasion and 

metastasis of various tumors,16,17 facilitating dissemination, therapeutic resistance, 
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and relapse.18 EMT results in loss of cell–cell adhesion, 

cytoskeletal restructuring and abnormal apical basal polar-

ity, thereby improving motility and invasion of the cancer 

cells.15,19 Moreover, EMT also enhances resistance to ionizing 

radiation, chemotherapy and hormone therapies.20

Previous work has indicated that LSD1 mediates global 

EMT-related epigenetic reprogramming in mouse hepatocytes21 

and promotes the EMT, proliferation and migration in hepato-

cellular carcinoma and non-small cell lung cancer.22,23 Several 

EMT-inducing transcription factors (EMT-TFs), including 

slug, snail and zinc finger E-box-binding homeobox 1 (ZEB1) 

mediated EMT through regulation of E-cadherin (encoded by 

CDH1).24–26 In breast cancer, LSD1 interacts with snail and 

bind to epithelial gene promoters, such as CDH1, and LSD1 

transcriptional silences CDH1 through mediating H3K4me2 

demethylation.27 Moreover, LSD1 also interacts with slug to 

facilitate migration and invasion of breast cancer cell lines.28,29 

However, the detailed effects of LSD1 in GC cells are unknown.

Here, functional analysis was conducted to demonstrate 

the biological effects of LSD1 on GC. We observed that 

wound closure of pcDNA3.1-LSD1- or LSD1 small interfer-

ing RNA (siRNA)-treated MKN45 and HGC-27 cells was 

obviously affected. Besides, the transwell invasion assay 

demonstrated that the LSD1 indeed participated in invasion 

process of GC cells. These results suggest that LSD1 is 

involved in GC cell proliferation, migration and invasion.

Materials and methods
Tumor specimens and cell culture
GC tissue specimens were collected from 64 patients (age, 

34–62 years; 28 female, 36 male) at the The Affiliated 

Suzhou Hospital of Nanjing Medical University (Suzhou, P.R. 

China) from May 2012 to November 2015. Matched adjacent 

 nontumor tissue was obtained from a segment of the resected 

specimens that was the farthest from the tumor (>5 cm). The 

study has been approved by the Medical Ethics Committees 

of the The Affiliated Suzhou Hospital of Nanjing Medical 

University. All patients have given written informed consent 

before surgery. The GC cell lines (MKN45 and HGC-27) 

were provided by the Cell Bank of the Shanghai Institute of 

Cell Biology (Chinese Academy of Sciences, Shanghai, P.R. 

China) and cultured in DMEM (Thermo Fisher Scientific, 

Waltham, MA, USA) containing 10% FBS (PAA Laborato-

ries, Pasching, Austria), 1% penicillin and streptomycin and 

conventionally cultured in an incubator at 37°C, 5% CO
2
.

Western blotting analysis
Protein extracts from the tissue specimens and cells were 

prepared by radioimmunoprecipitation assay buffer  (Beyotime 

Institute of Biotechnology, Jiangsu, People’s Republic of P.R. 

China). Protein concentration was measured using a BCA 

protein assay kit (Pierce, Waltham, MA, USA). 40 µg cell 

lysates were separated by 12% SDS-PAGE and transferred onto 

polyvinylidene fluoride membranes (PVDF, GE Healthcare UK 

Ltd, Little Chalfont, UK). After blocking with 5% skim milk 

in TBST, the membranes were then incubated with the follow-

ing primary antibodies overnight at 4°C: anti-LSD1 (cat. no. 

ab17721), anti-H3K4me2 (cat. no. ab7766), anti-E-cadherin 

(cat. no. ab15148), anti-N-cadherin (cat. no. ab76057) and 

anti-β-actin (cat. no. ab8226) (all purchased from Abcam, Cam-

bridge, MA, USA and used at a 1:300 dilution). After washing 

with TBST three times, membranes were incubated with horse-

radish peroxidase-conjugated anti-rabbit (cat. no. sc-2385) or 

anti-mouse (cat. no. sc-2375) secondary antibodies (Santa Cruz 

Biotechnology Inc., Dallas, TX, USA) at room temperature for 

1 hour. Finally, the blots were visualized using an enhanced 

chemiluminescence kit (EMD Millipore, Billerica, MA, USA).

Reverse transcription-quantitative PCR 
(RT-qPCR) analysis
Total RNA was extracted from tissue specimens and cells 

using TRIzol reagent (Thermo Fisher Scientific) according 

to the manufacturer’s instructions. Following isolation, 2 µg 

RNA was used to synthesize single-stranded complementary 

DNA (cDNA) using EasyScript First-Strand cDNA Synthesis 

SuperMix kit (Transgen Biotech, Beijing, P.R. China) fol-

lowing the manufacturer’s protocol. Subsequently, RT-qPCR 

was carried out using a SYBR Green PCR kit (Thermo Fisher 

Scientific). The qPCR was performed using the following 

parameters: 95°C, 10 minutes; 35 cycles, 95°C, 10 seconds; 

58°C, 20 seconds; 72°C, 30 seconds; and 72°C, 5 minutes. 

GAPDH was used as internal control. Three independent 

experiments were performed in duplicate.

Colony formation assay
For the colony formation assay, ~5×103 transfected MKN45 

or HGC-27 cells were seeded into 6-well plates with serum-

free DMEM. Culture medium was replaced every 3 days. 

After 14 days, cells were washed with PBS three times at 

room temperature and fixed with 4% paraformaldehyde at 

room temperature for 15 minutes and stained with 0.1% 

crystal violet at room temperature for 15 minutes. The 

 number of colonies was counted under a light microscope. 

Three independent experiments were performed in duplicate.

Cell-counting kit (CCK-8) assay
The cell proliferation reagent CCK-8 (Beyotime Institute of 

Biotechnology, Jiangsu, P.R. China) was used to determine 
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the effect of LSD1 on cell growth. 2×103 transfected MKN45 

or HGC-27 cells were seeded into 96-well microtiter plates 

(Corning Inc., Corning, NY, USA) with 200 µL DMEM, 20 µL 

CCK-8 was added to each well according to the manufacturer’s 

instructions. Following incubation at 37°C with 5% CO
2
 for 

1 hour, the absorbance of each well at 450 nm was measured. 

Three independent experiments were performed in duplicate.

scratch-wound assay
For the scratch-wound assay, ~5×105 transfected MKN45 or 

HGC-27 cells were placed into 24-well plates and cultured 

with until confluent. The cell monolayers were scratched by 

a 200 µL pipette tip. The cells were then washed with PBS 

three times to remove cell debris and cultured with serum-

free DMEM. After 0 hour and 48 hours incubation at 37°C, 

the migration distance of the cells was observed under a 

light microscope (magnification: ×20; Olympus Corpora-

tion, Tokyo, Japan). Three independent experiments were 

performed in duplicate.

Transwell invasion assay
A total of 3×104 transfected MKN45 or HGC-27 cells were 

suspended in 500 µL serum-free medium and placed in the 

top chambers. 500 µL DMEM medium containing 10% FBS 

was added into the bottom chambers. Cells were incubated 

for 24 hours at 37°C with 5% CO
2
. The cells on the surface of 

chambers were removed using a cotton swab and the invaded 

cells were stained with 0.1% crystal violet at room tempera-

ture for 20 minutes, and observed using a light microscope 

(magnification: ×20; Olympus Corporation, Tokyo, Japan). 

The numbers of invaded cells were calculated from six ran-

domly selected fields. Three independent experiments were 

performed in duplicate.

Dual-luciferase reporter assay
The promoter region of CDH1 were synthesized and inserted 

downstream of the luciferase gene in the pGL3-control 

(Promega Corporation, Fitchburg, WI, USA) vector. Prior 

to transfection, 2×105 cells were seeded in 24-well plates. 

Then, 200 ng of pGL3-CHD1 and 50 ng of Renilla (Promega 

Corporation) were cotransfected with 2 µg pcDNA3.1-LSD1 

plasmid or 40 nM LSD1 siRNA using Lipofectamine® 

2000 (Invitrogen; Thermo Fisher Scientific) following the 

manufacturer’s instructions. After transfection for 24 hours, 

the dual-luciferase assay system (Promega Corporation) was 

used to determine luciferase activity. The firefly luciferase 

activity in each well was normalized to that of the Renilla 

luciferase. Three independent experiments were performed 

in duplicate.

Chromatin immunoprecipitation 
(ChiP) and quantitative chromatin 
immunoprecipitation (qChiP) assays
ChIP and qChIP assays were performed using an EZ-ChIP 

kit (EMD Millipore) following the manufacturer’s instruc-

tions. In brief, 4×107 MKN45 cells were collected and fixed 

with 1% formaldehyde (Beyotime Institute of Biotechnol-

ogy) at 37°C for 30 minutes. Following lysate with lysis 

buffer contained with RNase A (EMD Millipore) at 4°C 

for 30 minutes, lysis was sonicated (20 kHz; amplitude, 

40%; 30 cycles, 1 second on and 1 second off; 4°C) to 

break cross-linked chromatin into 200-bp–1,000-bp frag-

ments. Subsequently, 2 µg anti-H3K4me2 antibody and 2 

µg anti-IgG antibody were added into lysis, respectively. 

After incubation at 4°C overnight, antibody-bind DNA 

fragment was purified using 50 µL protein G agarose beads 

at 4°C for 1 hour. The beads were then washed with 1 mL 

low salt immune complex wash buffer, high salt immune 

complex wash buffer, LiCl immune complex wash buffer, 

and TE buffer (EMD Millipore) at 4°C. DNA was isolated 

from the immunoprecipitates using a DNA kit (Tiangen 

Biotech Co. Ltd, Beijing, P.R. China) and quantified using 

RT-qPCR analysis with the CDH1 primer pairs: forward 

5’-AGGAGGCTGATAGAGGAGAA-3’ and reverse 

5’-AGGTGCTGGACATTGAAGAT-3’.

statistical analyses
Data are presented as the means ± SD. All analyses were 

performed using SPSS v. 18.0 (SPSS Inc., Chicago, IL, 

USA). For comparisons of two groups, a Student’s t-test was 

used. For comparisons of multiple groups, one-way ANOVA 

followed by Tukey’s test was used. The relationships between 

LSD1 expression and clinicopathological characteristics were 

assessed using chi-squared test. P<0.05 was considered a 

statistically significant difference.

Ethics approval and consent to 
participate
The Affiliated Suzhou Hospital of Nanjing Medical Univer-

sity approved the present study. All patients provided written 

informed consent.

Results
lsD1 is high expression in gC tissues 
and cell lines
To investigate whether LSD1 plays roles in GC, we first 

performed qRT-PCR and Western blotting analyses to 

determine the expression of LSD1 in GC tissues and 
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Figure 1 lsD1 is high expression in gC tissues and cell lines
Notes: (A) expression of lsD1 in gC and adjacent normal tissues by RT-qPCR and Western blotting analyses, *P<0.05, vs normal tissues. (B) expression of lsD1 in gC cell 
lines MKn-45 and hgC-27 as well as normal gastric cell line ges-1 by RT-qPCR and Western blotting analyses, *P<0.05, vs ges-1. (C) Kaplan–Meier followed by log-rank 
analysis was used to analyze the correlation of lsD1 expression and survival rate of gC patients, *P<0.05.
Abbreviations: LSD1, lysine-specific demethylase 1; GC, gastric cancer; RT-qPCR, reverse transcription-quantitative PCR.
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Upregulation of lsD1 promotes gC cell 
proliferation in vitro
We overexpressed or knocked down LSD1 using pcDNA3.1-

LSD1 plasmid or LSD1 siRNAs in MKN-45 and HGC-27 

cells, respectively. RT-qPCR and Western blot analyses were 

performed to confirm the transfection efficiency. As shown 

in Figure 2A, B, following transfection, LSD1 levels were 

significantly increased or reduced in the pcDNA3.1-LSD1 

plasmid or LSD1 siRNAs group compared with indicated 

control groups (Figure 2A, B). Subsequently, we performed 

colony formation assay and CCK-8 assay to examine the 

effect of LSD1 on cell proliferation. The result of colony for-

mation assay indicated that upregulation of LSD1 resulted in 

an elevated number of colonies, whereas LSD1 inhibition led 

to a reduction of the colonies (Figure 2C). Moreover, CCK-8 

assay indicated that ectopic expression of LSD1 improved 

the proliferation rate of the MKN-45 and HGC-27cells; 

however, inhibition of LSD1 decreased the proliferation rate 

of the MKN-45 and HGC-27cells, compared to the control 

group (Figure 2D). According to this data, it is indicated 

that LSD1 served as a tumor activator and facilitated GC 

cell proliferation.

Upregulation of lsD1 promotes gC cell 
migration and invasion in vitro
Because high expression of LSD1 was positively associated 

with lymphatic invasion, we next performed scratch-wound 

and transwell invasion assay to determine the roles of LSD1 

in cell migration and invasion. The results of scratch-wound 

assay suggested that LSD1-expressing MKN45 cells migrated 

to 95.1%±4.1% of the wounded area, while the vector con-

trol groups migrated to 63.5%±2.3% of the area. However, 

LSD1-depletion MKN45 cells migrated to 23.4%±3.1% of 

the wounded area, whereas the SCR control groups migrated 

to 67.3%±3.6% of the area (Figure 3A). The similar result 

was observed in HGC-27 cells (Figure 3A). Furthermore, the 

transwell invasion assay revealed that the number of invaded 

cells was significantly increased in the LSD1-expressing 

MKN45 and HGC-27 cells compared with the vector control 

group. Whereas the number of invaded cells was significantly 

decreased in the LSD1-depletion group, compared with the 

SCR control group (Figure 3B). Our present findings illus-

trated that LSD1 facilitated cell migration and invasion in GC.

lsD1 induces eMT of gC cell lines
EMT has been found to play critical roles in cancer metas-

tasis.19,24,30 Loss of E-cadherin and gain of N-cadherin are a 

well-known hallmark of EMT. To investigate what role, if any, 

Table 1 Clinic pathologic variables in 64 gC patients

Variables Patients, 
N=64

LSD1 
expression

P-value

Low, 
N=22

High, 
N=42

age (years)    

 ≥45 32 13 19 0.292

 <45 32 9 23

gender     

 Male 36 14 22 0.389

 Female 28 8 20

Tumor size     

 large (≥3 cm) 32 7 25 0.035

 small (<3 cm) 32 15 17

Pathological grade     

 i–ii 27 13 14 0.048

 iii–iV 37 9 28

Lauren classification     

 intestinal  11 24 0.397

 Diffuse  8 14

 Mixed  3 4

lymph node metastasis     

 Yes 28 5 23 0.014

 no 36 17 19

Abbreviations: GC, gastric cancer; LSD1, lysine-specific demethylase 1.

adjacent normal tissues. To our surprise, the result indicated 

that the expression of LSD1 was elevated in GC tissues 

compared with that of the adjacent normal tissues (Figure 

1A).  Subsequently, we analyzed the relationship of LSD1 

expression and pathological characteristics of GC. As 

shown in Table 1, high expression of LSD1 was positively 

associated with high-grade GC, tumor size and lymphatic 

invasion (Table 1, P<0.05). However, there was no sta-

tistical difference in terms of intestinal and diffuse types 

according to the Lauren classification (Table 1, P=0.397). 

Our findings suggested that LSD1 played an important 

role in tumor growth and metastasis in GC. Subsequently, 

we determined the expression of LSD1 in two GC cell 

lines (MKN-45 and HGC-27), and normal gastric cell line 

(GES-1) as control. As shown in Figure 1B, both mRNA 

and protein levels of LSD1 were high expression in GC 

cell lines, MKN-45 and HGC-27, compared with that in 

GES-1. Furthermore, we also found that high expression 

of LSD1 predicted a poor prognosis of GC (Figure 1C, 

P<0.05). Together, our works showed that the LSD1 was 

upregulated in GC and positively associated with the tumor 

aggressiveness.
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Figure 2 Upregulation of lsD1 promotes gC cell proliferation in vitro.
Notes: (A) and (B) lsD1 was overexpressed or knocked down in MKn-45 or hgC-27 cells. after transfection for 48 hours, the expression of lsD1 was determined 
using RT-qPCR or western blotting analyses. *P<0.05, vs vector, **P<0.05, vs sCR. (C) Colony formation assay was performed to determine the effects of lsD1 on cell 
proliferation. *P<0.05, vs vector, **P<0.05, vs sCR. scar bar =250 μm. (D) CCK-8 assay was performed to determine the effects of lsD1 on cell proliferation. *P<0.05, vs 
vector, **P<0.05, vs sCR.
Abbreviations: CCK-8, cell-counting kit-8; GC, gastric cancer; LSD1, lysine-specific demethylase 1.
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Figure 3 Upregulation of lsD1 promotes gC cell migration and invasion in vitro.
Notes: (A) lsD1 was overexpressed or knocked down in MKn-45 and hgC-27 cells. Representative images were captured at 0 and 24 hours to assess the cell migration 
into the wound space (magnification ×20). *P<0.05, vs vector, **P<0.05, vs sCR. (B) MKn-45 and hgC-27 cells were transfected with pcDna3.1-lsD1 plasmid or lsD1 
siRna, respectively. after transfection for 48 hours, Transwell invasion assay was performed. Representative images of the Transwell invasion assay following incubation for 
24 hours (magnification ×20). scar bar =250 μm. *P<0.05, vs vector, **P<0.05, vs sCR.
Abbreviations: GC, gastric cancer; LSD1, lysine-specific demethylase 1.
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LSD1 might play in the EMT, the epithelial or mesenchymal 

marker changes in LSD1-expressing or depletion MKN-45 

cells were assessed by means of RT-qPCR and Western blot-

ting, respectively. As shown in Figure 4A, overexpression of 

LSD1 increased the expression of N-cadherin and decreased 

the expression of E-cadherin in mRNA and protein level 

(Figure 4A, B). However, inhibition of LSD1 decreased the 

expression of N-cadherin and increased the expression of 

E-cadherin in mRNA and protein level (Figure 4A, B). Taken 

together, these results reveal that LSD1 play an important 

role in the EMT program.

lsD1 transcriptionally regulates 
e-cadherin through demethylation of 
h3K4me2 in gC cells
Previous work has suggested that LSD1 interacts with snail 

and binds to epithelial gene promoters, such as CDH1, and 

LSD1 transcriptional silences CDH1 through mediating 

H3K4me2 demethylation.27 In order to decipher whether 

LSD1 promoted EMT in GC through regulation of E-cad-

herin expression, we performed ChIP and qChIP assays as 

well as dual luciferase reporter assays. As shown in Figure 

5A, the fold of enrichment of H3K4me2 on CDH1 was 

significantly decreased in LSD1-expressing MKN45 cells; 

however, the fold of enrichment of H3K4me2 on CDH1 was 

significantly increased in LSD1-depletion MKN-45 cells, 

compared with indicated control groups (Figure 5A). A 

similar result was observed in HGC-27 cells (Figure 5A). 

The result of dual luciferase reporter assays showed that 

ectopic expression of LSD1 resulted in a reduced lucifer-

ase activity, whereas inhibition of LSD1 led to an elevated 

luciferase activity in MKN45 and HGC-27 cells (Figure 

5B). To verify further whether LSD1 regulated E-cadherin 

expression, we used GSK-LSD1 2HCl, an LSD1 specific 

inhibitor, to treatment GC cells and detected the expression 

of E-cadherin. As shown in Figure 5C, D, the expression 

of E-cadherin was increased while cells treated with GSK-

LSD1 2HCl, indicating that the expression of E-cadherin 

in GC was specifically regulated by LSD1 (Figure 5C, D). 

Taken together, these results reveal that LSD1 transcrip-

tionally regulates E-cadherin through demethylation of 

H3K4me2 in GC cells.
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Figure 4 lsD1 induces eMT of gC cell lines.
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Figure 5 lsD1 transcriptionally regulates e-cadherin through demethylation of h3K4me2 in gC cells.
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Discussion
Previous studies have found that LSD1 expression levels can 

act as biomarkers for the identification of patients with more 

aggressive neuroblastoma, lung cancers and prostate cancer, 

as well as lung cancers.13,22,31 Moreover, LSD1 inhibition with 

siRNAs led to the suppression of proliferation of various lung 

and bladder cancer cell lines32 indicating the LSD1 inhibition 

is a unique approach to the generation of a potent antitumor 

therapy. However, the detailed mechanism of LSD1 in GC 

remains unclear.

In this study, we found that LSD1 was upregulated in 

GC tumor tissues and cell lines, moreover, LSD1 expression 

level was positively associated with tumor size, lymph node 

metastasis and pathological grade. Previous report has found 

that LSD1 is upregulated in MKN-28 cells, and regulated GC 

proliferation and apoptosis through regulation of the expres-

sion of TGFb1, VEGF, Bcl-2, b-catenin, p-ERK and p-Smad 

2/3.33 Consistent with this work, our findings demonstrated 

that LSD1 promoted cell proliferation, migration and inva-

sion in MKN-45 and HGC-27 cells.

The EMT has been reported to play a crucial role in gas-

tric tumorigenesis, detaching abnormally proliferating cells 

from the original epithelial tissues.34,35 However, the specific 

molecular mechanisms of EMT have not been absolutely 

elucidated. So, we further detailed the effects of LSD1 on 

EMT of GC. We found that ectopic expression of LSD1 

significantly increased N-cadherin expression and decreased 

E-cadherin expression; however, LSD1 inhibition led to a 

converse result, suggesting that LSD1 promoted EMT in GC. 

Moreover, previous study has found that LSD1 interacts with 

snail and bind to epithelial gene promoters, such as CDH1, 

and LSD1 transcriptional silences CDH1 through mediating 

H3K4me2 demethylation in breast cancer.27,36 We further veri-

fied whether LSD1 regulated E-cadherin expression through 

demethylation of H3K4me2. The result of ChIP and qChIP 

assays as well as dual luciferase reporter assays illustrated 

that LSD1 also regulated E-cadherin expression through 

demethylation of H3K4me2.

However, there are still some limitations. GC is a hetero-

geneous disease in terms of genetic and epigenetic altera-

tions. Therefore, intratumoral difference of messenger RNA 

expression may be found within the same tumor. Moreover, it 

is better to perform in vivo experiments to validate the effects 

of pharmacological LSD1 inhibition in the mice bearing GCs.

In summary, our results suggest LSD1 regulates cell prolif-

eration, migration and invasion of GC cells. Moreover, LSD1 

mediates EMT in GC via demethylation of H3K4me2. Our 

study suggests that LSD1 may serve as a potential target of GC.
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