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Purpose: Ovarian cancer (OC) has the highest mortality among gynecological malignan-
cies. Therefore, it is urgent to explore prognostic biomarkers to improve the survival of OC 
patients. One of the most prominent metabolic characteristics of cancer is effective glyco-
lysis. Hexokinase 1 (HK1), as the first rate-limiting enzyme in glycolysis, is closely related 
to cancer progression. However, the role of HK1 in OC remains unclear.
Materials and Methods: The Cancer Genome Atlas (TCGA) database was used to detect 
the expression of HK1 in OC patients. The chi-squared test was performed to examine the 
correlations between HK1 and patients’ clinical characteristics. Survival analyses were 
undertaken to determine the relationship between HK1 and patient survival, while the 
univariate/multivariate Cox model was used to evaluate the role of HK1 in patient prognosis. 
Gene Set Enrichment Analysis (GSEA) was performed to ascertain the related signaling 
pathways of HK1. RT-qPCR was implemented to validate the mRNA expression of HK1 in 
OC cells. MTT was used to detect cell viability after adding 2DG and knocking down HK1 in 
OC cells. HK1 protein expression was examined by Western blotting. Glucose uptake, lactate 
production, and ATP assays were undertaken following knockdown of HK1 in OC cells. 
Colony formation assays were performed to determine OC cell proliferation after HK1 
knockdown. Transwell and wound healing assays were carried out to detect the invasion 
and migration of OC cells after HK1 knockdown.
Results: We found that HK1 expression was increased in OC tissues and cells, and HK1 was 
related to the clinical characteristics of OC patients. Survival analysis revealed that OC 
patients in the HK1 overexpression group had poor survival. Moreover, univariant/multi-
variate analyses showed that HK1 may be an independent biomarker for the poor prognosis 
of OC patients. OC cell viability and proliferation decreased after knockdown of HK1. 
Consistently, glucose uptake, lactic acid production, ATP production, invasion, and migration 
were also decreased. Finally, GSEA enrichment analysis and Western blotting showed that 
HK1 was involved in MAPK/ERK signaling.
Conclusion: HK1 may be a biomarker for the poor prognosis of OC patients and a potential 
therapeutic target.
Keywords: HK1, ovarian cancer, prognosis, glycolysis

Introduction
Ovarian cancer (OC) is one of the three major malignant cancer types of female 
genitalia, and its mortality rate ranks first among gynecological malignancies.1 In 
recent years, the incidence of OC has remained high. Early symptoms of OC are 
hidden, and abdominal metastasis often occurs before clinical symptoms appear.2 

Approximately 60–70% of patients are at an advanced stage when they are 
diagnosed.3 The primary treatment for OC is surgery supplemented by 
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chemotherapy.4 Although new treatment methods have 
been developed in recent years, the prognosis of patients 
remains very poor. Therefore, there is an urgent need to 
identify new prognostic biomarkers for OC patients.

Cancers are characterized by high glucose metabolism, 
and approximately 60% of ATP in cancer cells is derived 
from glycolysis.5 As the first rate-limiting enzyme in the 
glycolytic pathway, hexokinase (HK) has an important role 
in cancers.6 There are four different isozymes of HK in 
mammals. Among them, HK1 is widely expressed in most 
human tissues. Additionally, HK1 is expressed in many 
cancers and is associated with cancer progression. For 
example, HK1 is highly expressed in liver cells and pro-
motes cell proliferation.7 Furthermore, high expression of 
HK1 leads to the poor prognosis of colorectal cancer 
patients.8 Additionally, hexokinase 2 (HK2) can regulate 
the metabolic reprogramming, invasion, and apoptosis of 
ovarian cancer cells.9 However, the role of HK1 in OC 
remains unclear.

To further explore the role of HK1 in OC, we tested its 
expression in vivo and in vitro. Chi-squared test, survival 
analysis, univariate/multivariate Cox analyses, and Gene 
Set Enrichment Analysis (GSEA) were undertaken to 
detect the expression, clinical characteristics, and signaling 
pathways of HK1 in OC patients from The Cancer 
Genome Atlas (TCGA) database. MTT assays, RT-qPCR, 
Western blotting, glucose assays, lactic acid, ATP assays, 
colony formation, transwell, and wound healing were used 
to verify the expression of HK1 and its possible mechan-
ism in OC cells.

Materials and Methods
Data Source
The related data of OC patients and normal tissues were 
obtained from TCGA database (https://cancergenome.nih. 
gov/). TCGA database is a public database, and there is no 
ethical conflict.

GSEA
GSEA (https://www.ncbi.nlm.nih.gov/gds/) is an analytical 
method for microarray data generated from whole-genome 
expression profiling. Through the analysis of gene expres-
sion profile data, the expression status of specific func-
tional gene sets can be determined. Furthermore, any 
statistical significance of this expression status can be 
identified. We performed GSEA using GSEA 4.0 software.

Cell Culture
IOSE, A2780, and OVCAR3 cells were acquired from the 
Bena culture collection (Beijing, China). Cells were cul-
tured in RPMI-1640 medium (Gibco, Grand Island, USA) 
in a constant temperature incubator (Thermo Fisher, 
Waltham, USA) at 37°C and 5% CO2.

Plasmid Transfection
HK1 knockdown (shHK1) plasmid was synthesized by 
GeneChem (Shanghai, China). Cells were seeded into 96- 
well plates and transfected with TurboFect transfection 
reagent (Thermo Fisher, Waltham, USA). Transfection 
was performed for 4–6 hours according to the manufac-
turer’s instructions, and the culture was continued after 
changing the culture medium.

Cell Viability Detection
ShHK1 plasmid was transfected when the cells had grown 
to logarithmic growth phase in 96-well plates. Then, the 
culture medium was replaced after 4 h. Next, MTT solu-
tion was added after 0, 6, 12, and 24 h. Finally, cell 
viability was detected using a microplate reader (Thermo 
Fisher, Waltham, USA). The growth inhibition rate was 
calculated as follows: Inhibition = 1 – (absorbance of 
experimental group/absorbance of control group)

Real-Time Fluorescence Quantitative 
PCR (RT-qPCR)
Total RNA was extracted from cells using a TRIzol kit 
(Invitrogen Carlsbad, CA) according to the manufacturer’s 
protocol. Then, reverse transcription was performed to 
synthesize cDNA using the RT2 First Strand Kit 
(Promega, Madison, MI). Primer sequences were as fol-
lows: HK1 5ʹ-GCTCTCCGATGAAACTCTCATAG-3ʹ 
(forward) and 5ʹ-GGACCTTACGAATGTTGGCAA-3ʹ 
(reverse); ACTIN 5ʹ-AAGGAGCCCCACGAGAAAAAT 
-3ʹ (forward) and 5ʹ-ACCGAACTTGCATTGATTCCAG 
-3ʹ (reverse). The relative expression of the different 
experimental groups was calculated by the 2-ΔΔCq 
method and normalized to ACTIN expression.

Western Blotting
Electrophoresis was performed using 10% (w/v) SDS- 
polyacrylamide gels. Then, the protein was transferred to 
PVDF membranes, which were blocked in 5% (w/v) 
skimmed milk powder at room temperature for 1.5–2 h and 
then incubated with HK1 (15656-1-AP), ERK (67170-1-Ig), 
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E-cadherin (20874-1-AP), N-cadherin (22018-1-AP), and 
actin (23660-1-AP) primary antibodies (Proteintech, 
Chicago, USA). P-ERK antibodies came from abcam 
(ab201015, Cambridge, England). Finally, a protein imaging 
map was obtained with a gel imager (Synoptics, Cambridge).

Glycolysis Detection
Glucose uptake and lactate production kits (Nanjing 
Jiancheng, Nanjing, China) and an ATP detection kit 
(Biyuntian, China) was used to detect glucose, lactate, and 
ATP, respectively. OC cells were seeded into 6-well plates. We 
collected the cells and culture solution after treatment. Finally, 
we tested them according to the operating instructions.

Transwell Assays
RPMI-1640 medium containing 0.1% bovine serum albumin 
was used to adjust the cell number to 1×106 cells/mL. Then, 
100 µL cell suspension was inoculated into the upper cham-
bers of three Transwell plates per group. In the lower cham-
ber, 500 µL RPMI-1640 medium containing 15% fetal bovine 
serum was added and the cells were then cultured for 24 h at 
37°C with 5% CO2. The cells in the upper layer of the filter 
membrane were wiped off with a cotton swab, and the mem-
brane was fixed with methanol for 5 min before staining with 
crystal violet dye for 15 min. Finally, the cells were photo-
graphed under a light microscope at 100× magnification.

Wound Healing Assays
Approximately 5×104 cells/well were inoculated into six- 
well plates. ShHK1 plasmid was transfected in logarithmic 
phase. After 24 h, the cell monolayer was scratched using 
a sterile 10-μL pipette tip. The cells were washed three 
times with PBS and then removed and added to serum-free 
medium before incubation at 37°C with 5% CO2. After 24 
h, images of the cells were taken under light microscopy.

Colony Formation Assays
Cells in logarithmic growth phase were used to prepare 
serial dilations of cell suspensions, which were seeded into 
24-well plates and cultured for 1 week. The supernatant 
was discarded, fixed with 4% paraformaldehyde for 5 min 
and dyed with crystal violet for 15 min whereupon images 
were taken under light microscopy.

ELISA
A sandwich ELISA kit was purchased from Youxuan 
(Beijing, China). Cell supernatant, standard substrate, and 
HRP-labeled detection antibody were added to 

a microporous strip that had been pre-coated with HK1 
antibody, followed by incubation and thorough washing. 
Color was developed with TMB substrate, which was con-
verted to blue under the catalysis of peroxidase and then 
yellow under the action of acid. There was a positive corre-
lation between the color and HK1 in the sample. The absor-
bance (OD value) was measured with a microplate reader at 
450 nm, and the sample concentration was calculated.

Statistical Analyses
R (version 3.6.1) was used for data mining.10 The Mann– 
Whitney test was performed to compare data between the 
two groups, while the Kruskal–Wallis test was used for 
multiple comparisons. Ggplot2 package was used to draw 
a box diagram of clinical features.11 The chi-squared test 
was performed to detect correlations between HK1 and 
clinical characteristics of patients. A survival package 
was implemented to evaluate the relationship between 
HK1 expression and patient survival.12,13 Logarithmic 
rank test was used to examine survival deviations. The 
univariate Cox model was utilized to identify clinically 
relevant variables, while the multivariate Cox model was 
used to evaluate independent variables. A P-value of <0.05 
was considered statistically significant.

Results
Data Overview
To detect the role of HK1 in OC, the data of 308 OC 
patients were extracted from TCGA database. The clinical 
characteristics of these patients, including age, subdivi-
sion, stage, longest dimension, lymphatic invasion, histo-
logic grade, new type, sample type, vital status, HK1 
expression, and overall survival, are shown in Table 1.

Overexpression of HK1 in OC Patients
Changes in mRNA expression levels indicate that genes 
have a regulatory role in cancer development. We used 
ggplot2 package to detect the HK1 expression changes in 
OC tissues and adjacent tissues. The results showed that 
HK1 expression was increased in cancer tissues (P<0.001; 
Figure 1A). There was no significant difference in HK1 
expression among age, new type, histologic grade, lym-
phatic invasion, subdivision, sample type, and stage 
(Figure 1B–H). This indicated that we needed to further 
explore the correlation between HK1 and clinical features 
of OC patients.
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HK1 is Related to the Clinical Features of 
OC Patients
To identify the clinical significance of HK1 in OC patients, 
we used the chi-squared test to assess the association between 
HK1 expression and clinical characteristics of OC patients. 
The results showed that HK1 expression was related to stage 
(P=0.030) and longest dimension (P=0.009; Table 2). This 
indicated that HK1 had higher expression in advanced OC.

HK1 is an Independent Factor of Poor 
Prognosis in OC Patients
To further analyze the significance of HK1 in the prognosis of 
OC patients, we used a survival analysis package to examine 
the relationship between HK1 expression and the overall sur-
vival of OC patients. The results showed that OC patients with 
high expression of HK1 had poor survival (P=0.0047; Figure 
2A), consistent with the subgroup analysis, especially 
advanced stage (P=0.04; Figure 2B), G3 and G4 (P=0.0081; 
Figure 2E), and young age (P=0.005; Figure 2I). There was no 
significant difference in HK1 among early type (Figure 2C), 
G1 and G2 (Figure 2D), lymphatic invasion (Figure 2F), non- 
lymphatic invasion (Figure 2G), old age (Figure 2H), and 
recurrence (Figure 2J). These results suggested that high 
HK1 expression affected the survival of OC patients, mainly 
in highly malignant cells and young patients. Therefore, we 
needed to further examine whether HK1 is an independent 
factor.

Next, we used the univariate/multivariate Cox model to 
discover the factors affecting the prognosis of OC patients. 
Univariate Cox analysis showed that age and HK1 expres-
sion were potential survival-related variables, while the 
multivariate Cox model results suggested that high HK1 

Table 1 Clinical Characteristics of the Included Patients with 
Ovarian Cancer

Characteristics Numbers of Cases (%)

Age

<55 113(36.69)

≥55 195(63.31)

Subdivision

NA 17(5.52)
Bilateral 212(68.83)

Left 37(12.01)
Right 42(13.64)

Stage
NA 2(0.65)

I 1(0.32)

II 22(7.14)
III 245(79.55)

IV 38(12.34)

Longest dimension

Large 124(46.1)

Small 145(53.9)

Lymphatic invasion

NA 180(58.44)
No 44(14.29)

yes 84(27.27)

Histologic grade

NA 2(0.65)

G1 1(0.32)
G2 37(12.01)

G3 261(84.74)

G4 1(0.32)
GB 2(0.65)

GX 4(1.3)

New type

NA 145(47.08)

Locoregional 4(1.3)
Metastatic 1(0.32)

Progression 12(3.9)

Recurrence 146(47.4)

Sample type

Primary Tumor 303(98.38)
Recurrent Tumor 5(1.62)

Vital status
Deceased 184(59.74)

Living 124(40.26)

HK1

High 132(42.86)
Low 176(57.14)

(Continued)

Table 1 (Continued). 

Characteristics Numbers of Cases (%)

Type

Yes 308(100)

Overall survival

No 123(40.07)

Yes 184(59.93)

Relapse-free survival

No 9(29.03)
Yes 22(70.97)

Abbreviation: NA, not available.
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expression was a potential and independent risk factor for 
poor prognosis in OC patients (HR=1.52, P=0.005; 
Table 3).

HK1 is Related to OC Cell Viability
To further explore the molecular mechanism, we detected 
the mRNA and protein expression levels of HK1 in A2780 
and OVCAR3 OC cells. Consistent with the results of OC 
patients, the protein expression of HK1 was increased in OC 
cells (Figure 3A and B). Additionally, RT-qPCR showed that 
the expression of HK1 mRNA was increased in cancer cells 
(Figure 3C). We also used ELISA to detect the protein levels 
of HK1, and found that the results were consistent with the 
results of Western blotting (Figure 3D). To further explore 
the role of HK1 in ovarian cancer cells, we transfected HK1 
knockdown plasmid and observed cell viability (Figure 3G). 
MTT assays revealed that the viability of A2780 and 
OVCAR3 cells decreased gradually with increased time 
(Figure 3E and F). Furthermore, the results of colony for-
mation assays showed that the proliferative ability of OC 
cells decreased with HK1 knockdown (Figure 3H).

HK1 Participates in the Progression of 
OC Through Glycolysis
As HK1 is the first rate-limiting enzyme in glycolysis, we 
examine the level of glycolysis in OC cells. When 2DG, 

an inhibitor of HK1, was added to OC cells, it was found 
that glucose uptake, lactic acid production, and ATP were 
decreased (Figure 4A–C). To further determine the role of 
HK1, HK1 was knocked down in OC cells, revealing that 
glucose uptake, lactic acid production, and ATP produc-
tion were decreased (Figure 4D–F), and demonstrating that 
HK1 was involved in the survival of OC cells through 
glycolysis.

HK1 is Involved in the Invasion and 
Migration of OC Cells and is Related to 
the MAPK/ERK Pathway
Invasion and migration are one of the main reasons for the 
high malignant degree of OC cells. Therefore, we exam-
ined the role of HK1 in the migration and invasion of OC 
cells. Wound healing assays showed that the invasive 
ability of OC cells was decreased with HK1 knockdown 
(Figure 5A and B), while transwell assays showed that the 
migration ability of ovarian cancer cells decreased with 
HK1 knockdown (Figure 5C). Analysis of signaling path-
ways is one of the most effective methods to discover the 
mechanism of genes in cancer, and thus we used GSEA 
enrichment to identify related signaling pathways of HK1. 
The results showed that the signaling pathways of path-
ways in cancer, MAPK, and type II diabetes mellitus were 

Figure 1 Clinicopathological characteristics and HK1 expression. Boxplots showing HK1 expression. HK1 expression grouped by type (A), new type (B), age (C), histologic 
grade (D), lymphatic invasion (E), subdivision (F), sample type (G), and stage (H). 
Abbreviation: HK1, hexokinase 1.
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enriched (Figure 5D; Table 4). These results suggested that 
HK1 is involved in cancer, angiogenesis, tumor invasion, 
and type II diabetes. We further examined the MAPK 
signaling pathway by Western blotting and found that 
HK1 may upregulate this pathway (Figure 5E and F).

Discussion
OC is a common malignant gynecological cancer with 
high morbidity and mortality and a poor 5-year survival 
rate.14 Early diagnosis is difficult, and metastasis and 
recurrence frequently occur.15 Neoadjuvant chemotherapy, 
radiotherapy, biotherapy, immunotherapy, and molecular- 
targeted therapy are also applied to the treatment of OC 
patients.16 However, the 5-year survival rate of patients 
with advanced OC is still less than 30%.17 Therefore, 

exploring the development mechanism of OC and identi-
fying effective biomarkers to judge the prognosis of OC 
are current research hotspots. Our laboratory has also been 
committed to the study of cancer biomarkers for patient 
prognosis.18–21 In this study, we found that HK1 partici-
pates in the glycolysis of OC cells and may be an inde-
pendent biomarker for the poor prognosis of OC patients.

Glucose metabolism enzymes are associated with can-
cer prognosis. For example, HK2, fructose phosphate 
kinase, pyruvate kinase 2, and isocitrate dehydration may 
be prognostic biomarkers of multiple myeloma, prostate 
cancer, oral squamous cell carcinoma, and glioma.22–26 

This is because glucose metabolism enzymes have the 
ability to promote cancer migration, invasion, and 
angiogenesis.27 Moreover, the characteristics of metabolic 

Table 2 Correlation Between the Expression of HK1 and the Clinic Pathologic Characteristics in Patients

Clinical Characteristics Number HK1 Expression X2 P

High % Low %

Age <55 113 51 (38.64) 62 (35.23) 0.244 0.620

≥55 195 81 (61.36) 114 (64.77)

Subdivision Bilateral 212 90 (72) 122 (73.49) 1.267 0.530

Left 37 14 (11.2) 23 (13.86)
Right 42 21 (16.8) 21 (12.65)

Stage I 1 1 (0.76) 0 (0) 8.925 0.030
II 22 8 (6.11) 14 (8)

III 245 98 (74.81) 147 (84)

IV 38 24 (18.32) 14 (8)

Longest dimension Large 124 65 (55.56) 59 (38.82) 6.797 0.009

Small 145 52 (44.44) 93 (61.18)

Lymphatic invasion No 44 15 (28.85) 29 (38.16) 0.809 0.368

Yes 84 37 (71.15) 47 (61.84)

Histologic grade G1 1 0 (0) 1 (0.57) 4.801 0.440
G2 37 11 (8.33) 26 (14.94)

G3 261 118 (89.39) 143 (82.18)

G4 1 0 (0) 1 (0.57)
GB 2 1 (0.76) 1 (0.57)

GX 4 2 (1.52) 2 (1.15)

New type Locoregional 4 2 (3.39) 2 (1.92) 2.349 0.503

Metastatic 1 1 (1.69) 0 (0)

Progression 12 5 (8.47) 7 (6.73)
Recurrence 146 51 (86.44) 95 (91.35)

Sample type Primary Tumor 303 132 (100) 171 (97.16) 2.240 0.134
Recurrent Tumor 5 0 (0) 5 (2.84)

Vital status DECEASED 184 84 (63.64) 100 (56.82) 1.188 0.275
LIVING 124 48 (36.36) 76 (43.18)
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plasticity are more conducive to cancer recurrence and 
chemotherapy resistance.28 Consistently, we found that 
high HK1 expression was related to survival, young 
patients, and G3/G4. This may be because of the increas-
ing occurrence of OC in younger patients. This result also 
suggests that HK1 may play a role in malignant OC.

HK1 is associated with cancer progression. Among the 
four isozymes of HK, HK1 has the most significant relation-
ship with cancer.29 HK1 is overexpressed in many cancer 
cells, such as lung, gastrointestinal, and breast cancer.30,31 

Additionally, in an animal model of colorectal cancer, the 
expression level of HK1 was positively correlated with the 

Figure 2 HK1 expression and overall survival. Kaplan–Meier curves showing survival analysis (A) and subgroup analysis of advanced stage (B), early stage (C), G1 and G2 
(D), G3 and G4 (E), lymphatic invasion (F), non-lymphatic invasion (G), old age (H), and young age (I). 
Abbreviation: HK1, hexokinase 1.

Table 3 Association Between HK1 Expression and Overall Survival

Parameters Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI (Lower ~ Upper) P value Hazard Ratio 95% CI (Lower-Upper) P value

Age 1.630 1.190–2.240 0.003 1.630 1.190–2.240 0.002

Subdivision 0.840 0.670–1.040 0.101

Stage 1.090 0.800–1.500 0.581
Longest dimension 1.120 0.820–1.520 0.485

Lymphatic invasion 1.020 0.850–1.230 0.798

Histologic grade 1.120 0.880–1.420 0.349
Sample type 0.430 0.110–1.730 0.235

HK1 1.520 1.130–2.030 0.005 1.520 1.140–2.040 0.005
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proliferation rate of cancer.32 Moreover, HK1 expression was 
higher in malignant tissues. We also found that HK1 partici-
pates in the MAPK signaling pathway. MAPK/ERK signaling 
is one of the most important pathways in the occurrence and 
development of OC.33 Therefore, HK1 may promote the pro-
liferation, invasion, and migration of OC cells through 
MAPK/ERK signaling.

One of the most significant metabolic characteristics of 
cancer is the Warburg effect.34 It can not only provide macro-
molecular anabolic precursors for the rapid proliferation of 
cancer cells but also create a suitable growth 
microenvironment.27 Moreover, efficient glycolysis is an 
important energy metabolism characteristic to maintain the 
malignant phenotype of cancer cells.35 Additionally, HK1 

Figure 3 HK1 was associated with ovarian cancer cell proliferation. Western blotting, ELISA and RT-qPCR were performed to assess HK1 protein and mRNA expression in 
A2780 and OVCAR3 cells (A–D; *P<0.05, vs IOSE). MTT was used to detect cell viability after knockdown of HK1 in ovarian cancer cells (E and F; *P<0.05, vs control). RT- 
qPCR were performed to assess HK1 mRNA expression in IOSE, A2780, and OVCAR3 cells (G; *P<0.05, vs control). Colony formation assays were performed to detect 
the proliferation of ovarian cancer cells after HK1 knockdown (H). 
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; HK1, hexokinase 1; RT-qPCR, real-time quantitative PCR.
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participates in the first reaction of glycolysis by catalyzing 
glucose to produce glucose 6-phosphate. Recently, some stu-
dies found that HK1 can maintain cancer cell proliferation and 
migration by promoting glycolysis in some cancer types 
including lung cancer, breast cancer, colorectal adenocarci-
noma, and pancreatic cancer.36 We also found that HK1 
could promote glucose uptake, lactate production, and ATP 
production in OC cells. Therefore, even under the pressure of 

hypoxia, OC tissue can still gain enough energy and necessary 
materials to promote the growth and proliferation of cancer 
cells.

In this study, we identified the role of HK1 in OC tissues 
and cells. HK1 may promote the glycolysis, proliferation, 
and invasion and migration of OC cells through the MAPK/ 
ERK signaling pathway. Additionally, it may be an indepen-
dent risk factor for poor prognosis in OC patients. However, 

Figure 4 HK1 is involved in the glycolysis of ovarian cancer cells. Glucose uptake, lactate production, and ATP assays were performed to examine changes in glucose uptake 
(A and D; *P<0.05, vs control), lactate production (B and E; *P<0.05, vs control), and ATP (C and F; *P<0.05, vs control) in ovarian cancer cells. 
Abbreviations: HK1, hexokinase 1; ATP, adenosine triphosphate.
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because of the limited sample size, the mechanism we exam-
ined has not been fully confirmed. In the future, we will 
further explore the role of HK1 in OC angiogenesis.

Conclusion
In conclusion, we found that HK1 may promote the pro-
liferation, invasion, migration, and glycolysis of ovarian 

Figure 5 HK1 is involved in the invasion, migration, and proliferation of ovarian cancer cells and is related to MAPK/ERK signaling. Wound healing assays were performed to 
detect the migration ability of A2780 (A) and OVCAR3 (B) ovarian cancer cells after HK1 knockdown. Transwell assays were used to detect the migration ability of ovarian 
cancer cells after HK1 knockdown (C). GSEA results showed pathways in cancer, the MAPK signaling pathway, and type II diabetes mellitus were enriched in the high HK1 
expression phenotype (D). Western blotting was used to detect changes in transfer-related proteins and the MAPK/ERK signaling pathway in A2780 (E) and OVCAR3 cells (F). 
Abbreviations: MAPK, mitogen-activated protein kinase; HK1, hexokinase 1; ERK, extracellular-regulated protein kinase; GSEA, gene set enrichment analysis.
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cancer cells through the MAPK/ERK signaling pathway. 
Additionally, it may be an independent risk factor for poor 
prognosis in OC patients. In the future, we will increase 
the sample size to further explore the role of HK1 in OC 
angiogenesis.

Abbreviations
OC, ovarian cancer; HK1, hexokinase 1; HK2, hexokinase 
2; TCGA, The Cancer Genome Atlas; GSEA, Gene set 
enrichment analysis; NES, normalized enrichment score; 
ES, enrichment score; NOM, nominal.

Data Deposition
We obtain patients’ information from an open TCGA 
database (https://portal.gdc.cancer.gov/). Private clinical 
studies or patient data are not included in this study.
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