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Purpose: Gastric adenocarcinoma is one of the most important causes of cancer death and 
lacks effective treatment. Eighty-four gastric adenocarcinoma tissue samples along with the 
clinical information were collected. After analyzing the expression of HOXC11 and LSH in 
the gastric adenocarcinoma tissues, we explored the prognosis of patients and its correlation 
with clinical characteristics. Both HOXC11 and LSH were over-expressed in MKN-45 cell 
lines to verify the effect of high expression of HOXC11 and LSH on GAC.
Methods: The expression of HOXC11 and LSH in 84 cases with gastric adenocarcinoma 
(GAC) was detected via immunohistochemistry, including 17 cases in stage I, 7 cases in 
stage II, 27 cases in stage III and 33 cases in stage IV. The expression levels of HOXC11 and 
LSH, and the clinicopathological characteristics of the samples, were also studied. Cell 
proliferation, migration, cell cycle and apoptosis assays were utilized for demonstrating 
malignancy of HOXC11 and LSH over-expressed cells.
Results: Among 84 GAC pathological samples, 12 high HOXC11 expression, and 72 showed 
low expression; 54.8% (46/84) high LSH expression, and 45.2% (38/84) exhibited low expres-
sion. Survival analysis of the Kaplan-Meier plotter gastric cancer datasets showed that subjects 
with low expression of HOXC11 and LSH had a longer survival time, with a median survival 
time of 40.2 and 36.4 months, while the subjects with high HOXC11 and LSH expression were 
only 20.5 and 10 months, respectively. Meanwhile, HOXC11 and LSH over-expressed cells 
showed a stronger proliferous and migratory ability, and a sped up cell cycle.
Conclusion: The high expression level of HOXC11 and LSH both manifested the poor 
survival prognosis of GAC patients, and more pronounced malignant phenotype in GAC 
cells indicated that HOXC11 and LSH can be a strong predictive factor of inferior disease- 
free survival. From this, we can consider that HOXC11 and LSH both have significant status 
in GAC stage and survival prediction.
Keywords: GAC, homeobox C11, lymphoid-specific helicase, survival, biomarker

Introduction
According to the Global Cancer Observatory (GCO) cancer database (www. 
iarc.fr.), the incidence of gastric carcinoma (GC) ranks fifth among all cancers, 
but ranks third in mortality, because of the high risk of stomach cancer and the 
lack of effective treatment. Gastric adenocarcinoma (GAC) is the most com-
mon histological type (~95%) among all malignancies of gastric origin,1 which 
can be classified as intestinal or diffuse based on Lauren classification, and the 
intestinal type cancers typically have a better prognosis than diffuse cancers.2 

Although GAC has a high cure rate in the early stages, patients with advanced 
(clinical stage IV) GAC have a median survival of just 9–10 months.3 The 
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progress in GAC treatment is lagging compared with 
other tumors, and more research is needed to overcome 
the obstacles of GAC to prolong survival.4 Growing 
evidence suggests intricate interplay among epigenetic 
regulators and mechanisms in gastric cancer.5

Homeobox (HOX) was initially discovered in 
Drosophila melanogaster as a shared sequence element 
of approximately 180 bp in homeotic genes and 
encodes the homeodomain (HD) that normally func-
tions as a DNA-binding domain.6,7 HD proteins control 
many cellular processes by regulating the expression of 
downstream target genes. The HOX genes can be 
divided into four chromosomal clusters, HOXA, 
HOXB, HOXC, and HOXD that positioned at 7p15.3, 
17q21.3, 12q13.3 and 2q31, respectively, each contain-
ing between 9 and 11 genes.8 Recently, HOXC11 has 
been found to be highly expressed in breast cancer9 

and clear cell renal cell carcinoma.10 Compared with 
normal tissues, cervical cancer also has HOXC11 high 
expression level due to gene activation.11 In human 
renal cell carcinoma (RCC) and the HK-2 human 
epithelial cell line, the expression of HOXC11 was 
still found to be significantly higher and the higher 
expression promoted proliferation, indicating that 
HOXC11 may be an important determinant of RCC 
patient prognosis.10 The roles of HOXC11 in gastric 
adenocarcinoma require further identification.

Lymphoid-specific helicase (LSH, also known as 
PASG, SMARCA6 or HELLS) is a major epigenetic 
regulator that controls DNA methylation patterns.12,13 

The LSH gene encodes a protein related to the SNF2 
family of chromatin-remodeling ATPases14,15 and is an 
essential factor for establishing an appropriate DNA, 
CpG islands and histones methylation level and effi-
ciently repairing DNA double-strand breaks.16,17 

Deletion of LSH affects phosphorylation of the histone 
variant H2AX during DNA damage, resulting in DNA 
double-strand breaks that cannot be effectively 
repaired.18 Such genomic instability promotes the gen-
eration of tumors. LSH can also activate the expression 
of metabolic genes at the transcriptional level19 that are 
considered proliferation drivers for their overexpres-
sion in several cancer types.20 Changes in DNA methy-
lation often occur in tumor cells and are primarily 
manifested as hypomethylation of oncogenes and 
hypermethylation of tumor suppressor genes, resulting 
in instability of the tumor cell genome.21 Previous 
research has confirmed that LSH is not only 

abnormally expressed in gastric cancer, but is also 
highly expressed in several types of tumors, such as 
nasopharyngeal carcinoma,22,23 hepatocellular 
carcinoma,24 lung cancer,25,26 clear cell renal cell 
carcinoma,27 gliomas28 and osteosarcoma,29 and corre-
lated with progression and poor prognosis of glioma 
patients. It also reported that LSH associated with the 
HOX gene families, which regulating DNA methyla-
tion and HOX gene silencing during development.30

In the present study, the expression of HOXC11 and 
LSH in 84 clinical samples and samples from two data-
bases, The Cancer Genome Atlas database and Kaplan- 
Meier plotter gastric cancer datasets, were analyzed, as 
well as the relationship between HOXC11 and LSH 
expression and clinicopathological features and survival 
times. After that, HOXC11 and LSH were over-expressed 
in MKN-45 gastric signet ring cell carcinoma cell line for 
cell proliferation, migration, cell cycle, and apoptosis 
assays.

Materials and Methods
Patients in the Study
To analyze the impact of HOXC11 and LSH expression 
levels on the patient, and their relationship with surgery, 
84 patients with GAC who underwent a pathological 
examination at Xiangya Hospital were included in the 
study, which including 73 subjects with R0 resection 
(complete resection rate 86.9%), 10 subjects with only 
exploratory laparotomy and 1 subject with gastric perfora-
tion repair as a palliative therapy. 18 of 84 patients are still 
alive, however, 15 patients have passed away and 51 of 84 
patients we have lost contact. Among the 84 subjects, 4 
had well-differentiated tumors, 24 had tumors with inter-
mediate differentiation, and 56 had tumors with poor dif-
ferentiation. Of the 84 GAC patients, 53 were males, and 
31 were females, aged 31–74 years (average age of 57 
years), with stage I (n=21), II (n=23), III (n=20), and IV 
(n=20) GAC; the tumor and regional lymph node and 
metastasis (TNM) classification system for malignant 
tumors (American Joint Committee on Cancer and Union 
for International Cancer Control, 2018)31 was used. The 
data used in this study were obtained after the patient’s 
personal information was removed, which met the ethical 
requirements of protecting patient privacy. The ethics 
committee of Cancer Research Institute of Central South 
University approved the study.
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Databases’ Messages
We used data associated with 373 samples from The 
Cancer Genome Atlas database, including 30 normal 
and 343 GAC samples, and the differences in HOXC11 
and LSH expression levels between normal and GAC 
tissues were evaluated. We also assessed data of 876 
GC patients from Kaplan-Meier plotter gastric cancer 
datasets, and the relationship between HOXC11 and 
LSH expression levels and survival time was analyzed 
in patients with different clinicopathological character-
istics, gender, TNM staging, differentiation, Lauren 
classification, and stages.

Immunohistochemical Staining
Gastric adenocarcinoma tissues were obtained from the 
Department of Pathology of Xiangya Hospital. After 
formalin fixation and paraffin embedding, the sections 
were prepared and then incubated with a mouse mono-
clonal antibody against human HOXC11 (dilution, 
1:150, Novus#NBP2-00499) or LSH (dilution, 1:200, 
Santa Cruz#sc-46665) at 4°C overnight, followed by 
incubation with a biotinylated goat antibody against 
mouse immunoglobulin (Beijing Zhongshan Jinqiao 
Corporation#SAP-9100). Images captured by CX41 
microscope (OLYMPUS, Tokyo, Japan) with a DP-72 
Microscope Digital Camera System (OLYMPUS, 
Tokyo, Japan), and the results were differentially 
quantified by two pathologists from Second Xiangya 
Hospital, Changsha, China. To evaluate HOXC11 and 
LSH expression, immunohistochemical staining results 
were classified into four groups on the basis of inten-
sity and extent. The proportion of cell with positive 
protein expression was categorized as showed: 0, 
<10% immunopositive cells; 1, 10%-30% positive 
cells; 2, 30%-60% positive cells; 3, >60% positive 
cells. Relative intensity categorized the staining inten-
sity as follows: 1, negative; 2, weak; 3, moderate; and 
4, strong. The proportion and intensity scores were 
then multiplied to obtain a total score. Methods refer-
ences from Du YB et al.32 To get the final statistical 
results, we detected 10 normal gastric mucosa as 
a control experiment. HOXC11 and LSH average 
scores of these 10 samples are 4.8 and 4.5. 
Therefore, scores 0, 3, 6 were considered low-level 
expression, whereas scores 9 and 12 were considered 
high-level expression.

Cell Culture and Plasmids
MKN-45 (Procell#CL-0292), a gastric signet ring cell 
carcinoma cell line, was used in this paper. The cell 
line was cultured by RPMI1640 (Gibco) and 10% (v/v) 
FBS added in the medium under 37°C with 5% CO2 in 
cell incubator. The HOXC11 and LSH overexpression 
plasmid was established by inserting the HOXC11 and 
LSH cDNA into the pLVX-EF1α-IRES-Puro vector 
(Clontech#631988). Plasmids were transfected into 
HEK293T (Procell#CL-0005) cell by Neofect® DNA 
transfection reagent (Neofect#TF201201) for lentivirus. 
After 2 days of lentivirus infection, puromycin (1μg/ 
mL) (Sangon Biotech Corporation#A610593) was used 
for screening positive clones.

Western Blot and Antibodies
After trypsin digested, cells were washed twice with 
1×PBS and lysed on ice with IP lysis buffer added 
protease inhibitor cocktail for 2 hours. Protein electro-
phoresis was conducted in SDS-polyacrylamide gel and 
then transferred to a polyvinylidene fluoride membrane. 
After immunoblotted with primary antibody and fol-
lowed by incubation with a secondary antibody, we 
used an enhanced chemiluminescence system for detect-
ing the antibody signals. The HOXC11 antibody was 
purchased on Novus (#NBP2-00499, 1:500), LSH anti-
body was purchased on Santa Cruz (#sc-46665, 1:1000), 
and β-actin antibody was purchased on Proteintech 
(#66009-1-IG, 1:2000).

Cell Proliferation and Migration Assays
The proliferation viability assays were conducted under 
a density of 1000 cells/well in 100μL medium in 96- 
well plates and detected by Cell Counting Kit-8 (CCK- 
8) (biomake#B34302). In migration assay, 1×105 cells 
in 200μL 1% FBS medium were seeded in transwell 
inserts. 800μL 10% FBS medium was added in 24-well 
plates. After 24 hours, cells were fixed with methanol 
for 15 min and then stained with crystal violet for 15 
min. Took pictures and counted cell under microscope.

Cell Cycle and Apoptosis Assays
In cell cycle assays, 1×106 cells were seeded in 6-well 
plates. After 24 hours of serum-free culture medium, 
10% FBS culture medium was used for 20h. Collected 
cells and washed twice by 1×PBS, immobilizes cells by 
70% ethanol in −20°C overnight. After 1×PBS washed, 
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the cells were resuspended with 100μL 1×PBS and 
added with a final concentration of 100μg/mL RNase 
(Sangon Biotech Corporation#B500474) and 50μg/mL 
Propidium iodide (Sangon Biotech Corpo 
ration#A601112). BD FACSDivaTM flow cytometer 
detects the cell cycle. In cell apoptosis assays, 10μmol 
Cisplatin (Selleck#S1166) was used for cell apoptosis 
induction. Annexin V-FITC/PI apoptosis detection kit 
(KeyGEN BioTECH#KGA108) and BD FACSDivaTM 

flow cytometer were used for cell apoptosis detection.

Statistical Methods
The criteria of the TNM classification system for 
malignant tumors (American Joint Committee on 
Cancer and Union for International Cancer Control, 
2018) were used in our study. An unpaired t-test and 
Pearson correlation coefficients were carried out by 
Prism 8.0 GraphPad software, which were used to 
conduct a statistical analysis of TCGA data. The rela-
tionship between the protein expression levels of 
HOXC11 and LSH and clinicopathologic characteris-
tics were tested using a chi-square test, which was 
performed with SPSS 23.0 statistical software (SPSS 
Inc, Chicago, IL). Statistical analysis of Kaplan-Meier 
plotter gastric cancer datasets was carried out using the 
Kaplan-Meier method and Log rank test by Prism 8.0 
GraphPad software. All the cell experiments were 
repeated at least three times, t-test was used to analyze 
the difference between two groups by Prism 8.0 
GraphPad software. A two-tailed P value of less than 
0.05 was considered statistically significant, and the 
confidence interval is 95%.

Results
HOXC11 and LSH are Highly Expressed 
in GAC Samples in TCGA Database
After analysis of 373 cases of GAC samples in TCGA 
database, we compared related genes of the HOX gene 
family and DNA helicase family (Figure 1A) and found 
that the expression of HOXC11 and LSH in GAC tissues 
was higher than in normal (Figure 1B), which was espe-
cially obvious in their gene family. Meanwhile, the expres-
sion level between HOXC11 and LSH shows a high 
degree of correlation (Figure 1C).

The Expression of HOXC11 and LSH in 
Clinical Pathological Tissues and Its 
Relationship with Clinicopathological 
Characteristics
After scoring the 84 pathological samples, we counted some 
relevant information such as age, gender and tumor stage. 
We showed some immunohistochemical images to illustrate 
the scoring situation (Figure 1D). In 84 GAC clinical patho-
logical samples, the expression of HOXC11 was primarily 
concentrated in the nucleus. Similarly, HOXC11 staining 
was focused on the remaining glandular structures in the 
lamina propria and was in the nucleus of acinar cells. 
Besides, the surrounding connective tissue showed little 
staining. And positive LSH immunohistochemical staining 
was mainly concentrated in the nucleus and primarily 
observed in the parenchyma; staining in the stroma was 
rarely seen. Meanwhile, nuclear staining gradually dee-
pened with an increase in expression level. Overall, 14.3% 
(12/84) of samples had high HOXC11 expression and 
85.7% (72/84) had low expression (Table 1). At the same 
time, 54.8% (46/84) of samples had high LSH expression 
and 45.2% (38/84) had low expression. In addition, the 
number of patients with high expression of both HOXC11 
and LSH was 9 (10.7%), and 35 (41.7) patients showed low 
expression of both proteins. The score distribution of 
HOXC11 and LSH is shown in figure (Figure 1E).

Then, the relationship between the expression level and the 
clinicopathological characteristics was analyzed (Table 2). 
A chi-square test showed the expression level of LSH was 
related to tumor invasion (T) and lymph node metastasis (N) 
stage and was also associated with clinical staging, indicated 
that the expression level of LSH might be associated with 
tumor invasion and lymphatic metastasis thus affected the 
tumor stage. However, there was no significant association 
between the HOXC11 expression level and different clinico-
pathologic characteristics.

HOXC11 and LSH Expression Level 
Influence Overall Survival
Survival analysis of the Kaplan-Meier plotter gastric can-
cer datasets showed that patients with low expression of 
HOXC11 and LSH had longer survival times (Figure 2A), 
with a median survival time of 40.2 and 36.4 months 
(Table 3). The median survival time of patients with high 
HOXC11 and LSH expression was only 20.5 and 10 
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months, respectively. Notably, the survival time of patients 
with low expression of both HOXC11 and LSH was sig-
nificantly longer than that of those with high expression in 
Lauren classification intestinal gastric cancer (Figure 2B). 
The median survival time of patients with low and high 
HOXC11 expression was 99.4 and 28 months, and that of 
patients with low and high LSH expression was 85.8 and 
28.7 months, but the survival time of LSH in diffuse and 

mixed gastric cancer has no difference. Meanwhile, the 
survival time of patients with low HOXC11 and LSH 
expression in T3 gastric cancer was longer than that of 
those with high expression (Figure 2C). In stage T2 and 
T4, a similar trend of survival time was shown between 
HOXC11 and LSH.

Intriguingly, in patients with initially well-differentiated, 
non-metastatic gastric cancer, high HOXC11 expression often 

Table 1 HOXC11 and LSH Expression in 84 GAC Tissues

Item LSH High Expression LSH Low Expression Total

HOXC11 high expression 9 (10.7) 3 (3.6) 12 (14.3)

HOXC11 low expression 37 (44.0) 35 (41.7) 72 (85.7)

Total 46 (54.8) 38 (45.2) 84 (100)

Figure 1 Expression of HOXC11 and LSH in 373 TCGA and 84 clinical GAC samples. (A) Heat map of HOXC11, LSH and related gene expression levels in 373 TCGA 
samples. (B) Expression level of HOXC11 and LSH in 373 TCGA samples. The expression of HOXC11 and LSH in GAC tissues is higher than that in normal tissues. Shown 
is the mean ± SD of experiments, ****P < 0.0001. (C) The correlation of HOXC11 and LSH expression in TCGA samples. Shown is the mean ± SD of experiments, ****P < 
0.0001. (D) Immunohistochemical staining was used to examine the HOXC11 and LSH protein expression levels in GAC tissues from 84 clinical patients. (E) Distribution of 
the number of patients in each score for HOXC11 and LSH in 84 clinical GAC samples.
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indicated a poor outcome (Figure 3A and B). Moreover, the 
survival time of patients with high LSH expression with good 
differentiation or poor differentiation was significantly shorter 
than that of patients with low expression. As a marker 

associated with tumor invasion and metastasis, an important 
status likewise belongs to human epidermal growth factor 
receptor 2 (HER2). The high expression of HOXC11 and 
LSH in both HER2 positive and negative patients suggested 

Table 2 Association Between HOXC11 and LSH Expression and the Clinical Characteristics of 84 Patients with GAC

Clinicopathologic Characteristics No.(%) HOXC11 Expression No.(%) P LSH Expression No.(%) P

High Low High Low

Age

≥58 44 (52.4) 6 (13.6) 38 (86.4) 1.000 25 (56.8) 19 (43.2) 0.827
<58 40 (47.6) 6 (15.0) 34 (85.0) 21 (52.5) 19 (47.5)

Gender
Male 53 (63.1) 7 (13.2) 46 (86.8) 0.753 31 (58.5) 22 (41.5) 0.496

Female 31 (36.9) 5 (16.1) 26 (83.9) 15 (48.4) 16 (51.6)

Tumor invasion(T)

T1 17 (20.2) 2 (11.8) 15 (88.2) 0.439 3 (17.6) 14 (82.4) 0.005

T2 7 (8.4) 2 (28.6) 5 (71.4) 4 (57.1) 3 (42.9)
T3 27 (32.1) 2 (7.41) 25 (92.6) 16 (59.3) 11 (40.7)

T4 33 (39.3) 6 (18.2) 27 (81.8) 23 (69.7) 10 (30.3)

Lymph node metastasis(N)

N0 37 (44.0) 4 (10.8) 33 (89.2) 0.279 12 (32.4) 25 (67.6) 0.000

N1 11 (13.1) 1 (9.09) 10 (90.9) 4 (36.4) 7 (63.6)
N2 5 (6.0) 2 (40.0) 3 (60.0) 3 (60.0) 2 (40.0)

N3 14 (16.7) 1 (7.1) 13 (92.9) 14 (100.0) 0 (0.0)

Nx 17 (20.2) 4 (23.5) 13 (76.5) 13 (76.5) 4 (23.5)

Metastasis(M)
M0 64 (76.2) 8 (12.5) 56 (87.5) 0.467 32 (50.0) 32 (50.0) 0.132

M1 20 (23.8) 4 (20.0) 16 (80.0) 14 (70.0) 6 (30.0)

Stage

I 21 (25.0) 3 (14.3) 18 (85.7) 0.770 6 (28.6) 15 (71.4) 0.003

II 23 (27.4) 2 (8.7) 21 (91.3) 10 (43.5) 13 (56.5)
III 20 (23.8) 3 (15.0) 17 (85.0) 16 (80.0) 4 (20.0)

IV 20 (23.8) 4 (20.0) 16 (80.0) 14 (70.0) 6 (30.0)

R0 resection

Yes 73 (86.9) 10 (13.7) 63 (86.3) 0.654 37 (50.7) 36 (49.3) 0.101

NO 11 (13.1) 2 (18.2) 9 (81.8) 9 (81.8) 2 (18.2)

Postoperative chemotherapy

Yes 36 (42.9) 3 (8.33) 33 (91.7) 0.314 21 (58.3) 15 (41.7) 0.668
No 17 (20.2) 4 (23.5) 13 (76.5) 10 (58.8) 7 (41.2)

Uncertain 31 (36.9) 5 (16.1) 26 (83.9) 15 (48.4) 16 (51.6)

Differentiation

Well 4 (4.7) 0 (0.0) 4 (100) 0.378 0 (0.0) 4 (100.0) 0.071

Middle 24 (28.6) 2 (8.33) 22 (91.7) 13 (54.2) 11 (45.8)
Poor 56 (66.7) 10 (17.9) 46 (82.1) 33 (58.9) 23 (41.1)

HP
(-) 52 (61.9) 6 (11.5) 46 (88.5) 0.220 28 (53.8) 24 (46.2) 0.055

(+) 13 (15.5) 1 (7.69) 12 (92.3) 4 (30.8) 9 (69.2)

Uncertain 19 (22.6) 5 (26.3) 14 (73.7) 14 (73.7) 5 (26.3)
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a worse prognosis (Figure 3C). In different stages of gastric 
cancer patients, the relationship between overall survival and 
expression of HOXC11 and LSH is shown in Figure 4.

HOXC11 and LSH Overexpression 
Accelerates GAC Cell Malignant 
Progression
To verify the effect of HOXC11 and LSH high expres-
sion on gastric cancer, HOXC11 and LSH over- 
expressed plasmids were stably transferred into the 
MKN-45 cell line, and the protein expressions of 
HOXC11 and LSH were successfully upregulated 
(Figure 5A). Obviously, HOXC11 and LSH overex-
pression facilitate the GAC cell proliferation 
(Figure 5B) and migration (Figure 5C). Flow cytometry 
detected the cell cycle, and apoptosis induced by 
10μmol Cisplatin. HOXC11 overexpression made 
more cells enter G2/M phase from S phase. At the 
same time, LSH overexpression caused cells to enter 
S phase from G1 phase (Figure 5D). Both genes have 

an ability to speed up the cell cycle process. But the 
results of apoptosis assays show that HOXC11 and 
LSH can not affect the cell apoptosis which induced 
by Cisplatin (Figure 5E).

Discussion
The HOX protein encoded by the HOX gene functions as 
a transcription factor and usually acts as a monomer or 
homodimers and directly targeted the transcription of 
downstream targets or interacted with protein cofactors.33 

Though the downstream targets of the HOX gene remain 
uncertain, it does not restrict the function of HOX protein 
in some domain such as apoptosis, differentiation, angio-
genesis, development, or motility.34 As a member of HOX 
family, HOXC11 has an important status in tumor progres-
sion. In our 84 pathological samples, the expression level 
of HOXC11 related to the tumor invasion, lymph node 
metastasis stage and clinical staging of the patients. It 
mentioned us that HOXC11 has potential as a biomarker 
in GAC. Meanwhile, in Kaplan-Meier plotter gastric 

Figure 2 Survival analysis of HOXC11 and LSH expression in GC tissues from Kaplan-Meier plotter gastric cancer datasets. (A) The survival of patients with high HOXC11 
or LSH expression was significantly shorter than that of those with low expression. (B) Survival analysis of HOXC11 or LSH expression in GC tissues under Lauren 
classification. (C) Survival analysis of HOXC11 or LSH expression in GC tissues under tumor invasion (T) classification.
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cancer datasets, the expression level of HOXC11 is an 
obvious prognosis factor because the higher expression 
level showed a worse prognosis.

LSH maintains genome stability of cells through 
establishing correct DNA methylation levels and pat-
terns, and DNA methylation is a crucial factor in the 
development of several malignancies. In primary non- 
small cell lung cancer, it was found that many deletions 

of LSH loci and some tumor-specific exons appeared 
simultaneously.35 With LSH deficiency bring about ser-
iously absent of DNA methylation, the expression of 
protein-coding genes also can be partially regulated 
through compensatory mechanisms such as H2K27me3 
redistribution.36,37 High expression of LSH protein also 
occurs in tumors and is believed to be closely related to 
the hypermethylation state. These findings suggest LSH 

Table 3 HOXC11 and LSH Expression in Kaplan–Meier Plotter Gastric Cancer Datasets

Items No.(%) Median Survival Time of HOXC11, Month Median Survival Time of LSH, Month

High Low P High Low P

All 876 20.5 40.2 0.0001 10.0 36.4 0.0001

Gender

Male 69.8% 20.3 35.8 0.0003 14.5 34.7 0.0001

Female 30.2% 17.4 77.2 0.0003 28.7 45.2 0.0999

Tumor invasion(T)

T1 2.8% – – – – – –
T2 48.5% – – 0.0460 – 87.0 0.0329

T3 41.0% 20.3 27.5 0.0154 20.0 27.8 0.0199

T4 7.6% 31.6 12.0 0.0005 36.4 16.4 0.1082

Lymph node metastasis(N)

N0 14.9% 123.8 113.2 0.0547 – 123.6 0.3063
N1+2+3 85.1% 32.1 45.8 0.1236 53.0 33.3 0.0639

N1 45.4% 57.8 – 0.0980 – 70.2 0.0569

N2 24.4% 24.4 30.4 0.3104 30.2 21.2 0.0812
N3 15.3% 16.2 12.3 0.0182 17.4 12.3 0.2606

Metastasis(M)
M0 88.8% 46.0 113.2 0.0240 113.2 56.9 0.0624

M1 11.2% 11.0 11.8 0.4910 11.4 11.0 0.0521

Stage

I 10.2% – – 0.1355 – 113.2 0.1344
II 21.2% 123.8 123.6 0.0539 – 123.6 0.1597

III 46.2% 25.5 44.0 0.0013 25.9 34.4 0.0479

IV 22.4% 17.0 15.9 0.0029 17.4 14.3 0.0790

Differentiation

Well 12.1% 27.4 – 0.0046 26.6 – 0.0054
Middle 25.4% 22.3 113.2 0.0866 41.2 22.3 0.2249

Poor 62.5% 32.6 24.4 0.2540 15.4 40.0 0.0009

Lauren classification

Intestinal 54.0% 28.0 99.4 0.0003 28.7 85.8 0.0185

Diffuse 40.6% 15.7 44.7 0.0034 44.7 31.1 0.0630
Mixed 5.4% 25.5 78.6 0.1397 – 32.6 0.0952

HER2
Negative 60.7% 26.7 46.8 0.0007 26.7 44.6 0.0160

Positive 39.3% 17.5 30.4 0.0005 14.6 29.1 0.0001

Abbreviations: GAC, gastric adenocarcinoma; GC, gastric carcinoma; GCO, Global Cancer Observatory; HOX, homeobox; HD, homeodomain; RCC, renal cell 
carcinoma; LSH, lymphoid-specific helicase; PRC, polycomb repressive complex.
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plays an important role in the occurrence and develop-
ment of tumors.

In Kaplan-Meier plotter gastric cancer datasets, the influ-
ence of HOXC11 and LSH expression level to the survival 
time of patients appears a similar trend in some patient types. 
However, there is no direct evidence of interaction between 
HOXC11 and LSH. As a regulator of DNA methylation, 
LSH can bind to PRC1, which is part of the polycomb 
repressive complex (PRC), affecting PRC-mediated histone 
modification,30,38,39 and the HOX gene is affected by PRC as 
one of its targets. Epigenetic control is a common mechanism 
for controlling HOX gene expression, and the CpG island in 
the silenced HOX gene promoter is typically methylated.40 

However, the effect of LSH on transcriptional activation or 
silencing of the HOX gene in tumors is related to the tumor 
site,30,41,42 and cannot be simply summarized as an up- 
regulation or down-regulation of the expression level. The 
regulation of LSH on some genes of HOX family cannot be 
generalized and believed that LSH can directly affect 
HOXC11.

Here, analyses of clinical sample and various data-
bases show that patients with high expression of 

HOXC11 and LSH have a shorter survival time, which 
indicates that the expression levels of HOXC11 and 
LSH are most likely important factors affecting patient 
survival time. This is especially true in intestinal gastric 
cancer. GC patients who showed well-differentiated 
tumors in surgery, without metastasis, but who had 
high HOXC11 expression had significantly shorter sur-
vival times. This suggests that HOXC11 has significance 
in GC malignant progression. HOXC11 expression in 
metastatic melanoma cells is higher than in primary 
melanoma cells, which also suggests the significance 
of HOXC11 in metastasis and invasion.43 However, 
because of the limited sample size, the sample in this 
study cannot fully reflect the overall characteristics. 
Based on this, the validation of the malignant evolution 
of HOXC11 and LSH in MKN-45 cell line also con-
firmed the effect of high expression of HOXC11 and 
LSH on GAC.

Overall, our results suggest that both HOXC11 and LSH 
are predictive of survival in patients with GAC. However, 
how the up-regulation or down-regulation of HOXC11 and 
LSH expression promote GAC progression requires further 

Figure 3 Survival analysis of HOXC11 and LSH expression in GC tissues from Kaplan-Meier plotter gastric cancer datasets. (A) Survival analysis of HOXC11 or LSH 
expression in GC tissues under metastasis (M) classification. (B) Survival analysis of HOXC11 or LSH expression in GC tissues under diverse differentiation. (C) Survival 
analysis of HOXC11 or LSH expression in HER2 negative or positive GC tissues.
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Figure 4 Survival analysis of HOXC11 or LSH expression in GC tissues under different stage. (A) Survival analysis of HOXC11 or LSH expression in GC tissues under stage 
I. (B) Survival analysis of HOXC11 or LSH expression in GC tissues under stage II. (C) Survival analysis of HOXC11 or LSH expression in GC tissues under stage III. (D) 
Survival analysis of HOXC11 or LSH expression in GC tissues under stage IV.
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discussion. It is worth mentioning we believe that HOXC11 
and LSH are key genes in the progression of gastric adeno-
carcinoma and may be biomarkers and therapeutic targets 
for prediction of future prognosis.
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Figure 5 Overexpression of HOXC11 and LSH promotes GAC progression. (A) The establishment of HOXC11 and LSH over-expressed cell line detected by Western 
blot. (B) Cell viability was detected by CCK-8. Shown is the mean ± SD of experiments (n=5), ****, P < 0.0001. (C) HOXC11 and LSH overexpression enhanced migration 
of MKN-45 cells. Shown is the mean ± SD of experiments (n=3), *P < 0.05, ***P < 0.001. (D) HOXC11 and LSH accelerates cell cycle detected by flow cytometry. Shown is 
the mean ± SD of experiments (n=3), *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant. (E) Flow cytometry detected the cell apoptosis of HOXC11 and LSH.
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