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Abstract: Objective: This study aimed to investigate the expression of glycerol kinase (GK) in esophageal carcinoma
tissues and cell lines, and to explore its correlation with clinical characteristics and patient prognosis. Methods: Public
databases (TCGA, GTEx) and clinical specimens were used to validate GK expression in esophageal carcinoma tissues.
The KYSE150 cell line was selected for GK knockdown experiments. Cell proliferation and migration were assessed
using CCK-8 and Transwell assays, respectively. R language was employed to analyze correlations between GK
expression and immune checkpoint molecules, as well as the tumor immune microenvironment. Results: GK mRNA
and protein expression levels were significantly elevated in esophageal carcinoma tissues compared to adjacent normal
tissues. Patients with high GK expression had significantly shorter overall survival than those with low expression.
Clinical analysis revealed that high GK expression was strongly associated with distant metastasis and tumor recurrence.
In vitro experiments demonstrated that GK knockdown suppressed proliferation and migration of esophageal carcinoma
cells. Bioinformatic analysis indicated that high GK expression correlated with upregulation of immune checkpoint
molecules (e.g., CD274, CTLA4, LAG3) and reduced infiltration of CD8+ T cells. Conclusion: GK is highly expressed
in esophageal carcinoma and promotes malignant progression by enhancing tumor cell proliferation, migration, and
participation in an immunosuppressive microenvironment. GK may serve as a potential prognostic biomarker and
therapeutic target.
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1 INTRODUCTION

According to the latest Global Burden of Disease Study, malignant tumors have become the second leading cause of
death globally. In 2023, there were 25.7 million new cancer cases and 10.4 million deaths worldwide[1]. Esophageal
carcinoma is one of the most common malignancies, with high incidence and mortality rates. In China, there were
320,000 new cases and over 260,000 deaths in 2023, ranking fifth among all malignancies[2]. Notably, the
histopathological types of esophageal carcinoma differ significantly between China and Western countries, with
squamous cell carcinoma predominating in China and adenocarcinoma in the West[3]. Although multidisciplinary
treatments have improved survival rates, the five-year survival rate for advanced esophageal carcinoma remains below
30%[4]. Due to the insidious onset of the disease, most patients are diagnosed at stage III or later, highlighting the
importance of early diagnosis and treatment. However, reliable biomarkers for screening, diagnosis, and prognosis are
limited [5]. Due to the insidious onset of the disease, most patients are diagnosed at stage III or later, highlighting the
importance of early diagnosis and treatment. However, reliable biomarkers for screening, diagnosis, and prognosis are
limited.
Glycerol kinase (GK) is a key metabolic enzyme that plays a central role in glycerol metabolism[6]. As a protein-coding
gene, GK is expressed in multiple organs, with particularly high expression levels in the kidney, esophagus and liver [7].
The primary function of GK is to catalyze the glycerol phosphorylation reaction, converting glycerol into
glycerol-3-phosphate[8, 9]. This process requires the participation of adenosine triphosphate, and the reaction products
are adenosine diphosphate and glycerol-3-phosphate [10]. This reaction is a key step in the glycerol entry into the
metabolic pathway, providing precursor substances for the synthesis of glycerol, lipids, proteins, and glucose [11, 12] .
As a pivotal enzyme in energy metabolism, glucose kinase (GK) plays a crucial role in maintaining the homeostasis of
glucose and lipid metabolism in the human body. Alterations in GK expression can disrupt this balance, triggering
various diseases. Numerous studies have shown its involvement in the pathogenesis of multiple human diseases. Some
scholars have reported that GK participates in the occurrence of insulin resistance and type 2 diabetes by affecting the
sensitivity of gluconeogenesis pathway and insulin signaling pathway [13, 14]. In addition, some scholars have reported
that mutations in the GK gene can lead to severe hypertriglyceridemia [14]. The significant role of lipid metabolism
reprogramming in tumors is receiving increasing attention. Currently, numerous scholars have reported that key
enzymes involved in lipid metabolism, such as sterol regulatory element-binding proteins, stearoyl-CoA desaturases,
and carnitine palmitoyl transferase, exhibit elevated expression levels in tumors and are associated with poor tumor
prognosis [15-17].However，the role of GK in esophageal carcinoma remains unclear.
This study integrated public databases and clinical samples to analyze GK expression in Esophageal Carcinoma (ESCA)
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and its association with clinical features and survival outcomes. Cellular experiments further investigated the functional
impact of GK on ESCA cells. The results provide preliminary evidence for GK as a novel predictive marker and
therapeutic target in ESCA.

2 MATERIALS AND METHODS

2.1 Clinical Sample Collection and Processing

Tumor and adjacent normal tissues were collected from 60 ESCC patients diagnosed between August 2020 and
December 2025 at the Affiliated Hospital of Jiangsu University. Tissues were rinsed with PBS and stored at -80°C. The
study was approved by the hospital’s ethics committee (KY2023K0701).

2.2 Immunohistochemistry (IHC) and GK Expression Scoring

Tissue sections were fixed, embedded, sliced, and subjected to IHC staining. Two pathologists independently scored GK
expression based on staining intensity and area. Scores were multiplied to obtain a total score, and patients were divided
into low- and high-expression groups based on the median score.

2.3 Cell Culture

KYSE150 cells (purchased from Shanghai Zhongqiao Xinzhou Biotechnology) were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin at 37°C with 5% CO₂.

2.4 Cell Transfection

Cells were transfected with small interfering RNA (Si-GK) using Lipofectamine 2000. Si-GK sequences were designed
and synthesized by Shanghai GenePharma.

2.5 Quantitative Real-Time PCR

Total RNA was extracted from tissues and cells, reverse-transcribed to cDNA, and amplified using SYBR Green. GK
mRNA levels were normalized to β-actin and calculated using the 2^(-ΔΔCt) method. Primer sequences (β-actin,
forward primer -5-TCACCCACACTGTGCCCATCTACGA-3, reverse primer
5-CAGCGGAACCGCTCATTGCCAATGG-3, GK, forward primer, 5-GAAGGAGTCGGCGTATGGAG-3, reverse
primer 5-AGGGTCACCACTTTCTGGAG-3.

2.6 Western Blotting

Proteins were separated by SDS-PAGE, transferred to membranes, and incubated with anti-GK (1:1000, Chengdu
Zhengneng Biotechnology) and anti-β-actin (1:1000, Santa Cruz) antibodies. Band intensities were quantified using
Image J.

2.7 CCK-8 Assay

Cells were seeded in 96-well plates, and OD values were measured at 450 nm after CCK-8 incubation. Cell viability
was calculated as: (OD_experimental - OD_blank) / (OD_control - OD_blank) × 100%.

2.8 Transwell Assay

Cells were suspended in serum-free medium and seeded into Transwell chambers. Migrated cells were fixed, stained,
and counted under a microscope.

2.9 Statistical Analysis

Data were analyzed using GraphPad Prism 9.02. Results are presented as mean ± SD. Differences between groups were
assessed using t-tests or chi-square tests, with p < 0.05 considered statistically significant.

3 RESULTS

3.1 GK Expression Profile in Pan-Cancer Analysis

Pan-cancer analysis of TCGA data revealed significant differences in GK expression across 33 cancer types. The
expression level of GK exhibits significant differences in nine types of human tumors, including glioblastoma
multiforme (GBM), esophageal carcinoma (ESCA), lung adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC), breast invasive carcinoma (BRCA), kidney chromophobe carcinoma (KICH), kidney renal clear cell
carcinoma (KIRC), and kidney renal papillary cell carcinoma (KIRP)(Figure 1A). After integrating GTEx data, GK
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expression remained significantly different only in GBM, ESCA, and LUSC (Figure 1B).

Figure 1 The Expression of GK in Pan-cancer (A, Boxplot comparing the expression of GK in 33 tumor tissues and
adjacent non-tumor tissues from the TCGA database. B, Boxplot comparing the expression of GK in the TCGA+GTEx

database).

3.2 Survival Analysis Based on TCGA Data

Cox univariate analysis showed a significant negative correlation between GK expression and overall survival in ESCA
(Figure 2A). Kaplan-Meier analysis confirmed that high GK expression was associated with shorter survival (mOS: 1.8
years vs. 3.5 years for low expression) (Figure 2C). No significant correlation was found for GBM or LUSC (Figures
2B, D).

Figure 2 Conduct Survival Analysis of GK, GBM, LUSC, and ESCA Based on the TCGA Database (A, Cox univariate
analysis comparing the impact of GK on the survival of GBM, LUSC, and ESCA. B-D, Kaplan-Meier survival analysis

of the relationship between GK and overall survival rates in GBM, LUSC, and ESCA).

3.3 GK Expression in Clinical Samples and Prognostic Analysis

IHC and qPCR confirmed higher GK expression in tumor tissues compared to normal tissues (Figures 3A-B). Survival
analysis showed that high GK expression reduced mOS by 9.5 months (Figure 3C).
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Figure 3 Expression of GK in Clinical Samples from Esophageal Cancer Patients and its Relationship with Patient
Survival (A, Immunohistochemistry (IHC) was used to compare the expression of GK in cancerous tissues and adjacent

non-cancerous tissues (magnification x200). B, Polymerase chain reaction (PCR) was used to compare the mRNA
levels of GK in cancerous and adjacent non-cancerous tissues. C, Survival analysis was conducted to compare the

differences in survival time between the low and high GK expression groups).

3.4 Correlation Between GK Expression and Clinical Characteristics

GK expression was not associated with age, gender, tumor differentiation, stage, or lymph node metastasis but was
significantly correlated with distant metastasis and recurrence (Table 1).

Table 1 Comparison of General Information and Clinical Characteristics among Different Subgroups of Esophageal
Cancer Patients

GK expression

Variable Totaln = 60 Lown=31 High n=29 2/t p

Age 66.22 ± 8.34 65.87 ± 8.40 66.59 ± 88.42 -0.33 0.743

Gender 0.01 0.927

Male 35 18 17

Female 25 13 122

Differentiation 0.50 0.778

High 25 12 13

Median 18 9 9

Low 17 10 7

Stages 0.65 0.421

I/II 33 16 17

III/IV 27 15 12
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GK expression

Variable Totaln = 60 Lown=31 High n=29 2/t p

Lymph node metastasis 1.01 0.315

No 40 23 17

Yes 20 8 12

Distant metastasis 5.36 0.021

No 35 23 12

Yes 25 8 17

Recurrence 4.22 0.040

No 32 21 11

Yes 28 10 18

3.5 GK Knockdown Suppresses Cell Proliferation and Migration

Si-GK significantly reduced GK mRNA and protein levels (Figures 4A-B). GK knockdown inhibited cell proliferation
and migration (Figures 4C-D).

Figure 4 Interfering with GKAffects the Proliferation and Migration of KYSE150 Cells (A-B: Verification of the
inhibitory effect of small interfering RNA (siRNA) on GK expression by polymerase chain reaction (PCR) and Western

blot (WB). C: Comparison of the difference in cell migration numbers between the Si-GK group and the Negative
control group using the Transwell assay. D: Comparison of the difference in cell viability between the Si-GK group and

the Negative control group using the CCK-8 assay).

3.6 GK Involvement in Immunosuppressive Microenvironment

High GK expression correlated with upregulation of immune checkpoint molecules (CD274, CTLA4, LAG3, etc.) and
reduced infiltration of CD4+ and CD8+ T cells (Figures 5A-B).
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Figure 5 GK Participates in the Formation of the Immune Microenvironment of Esophageal Cancer (G1, Group with
high GK expression; G2,Group with low GK expression).

4 DISCUSSION

This study systematically investigated the role of glycerol kinase (GK) in the development and progression of
esophageal carcinoma (ESCA) through bioinformatics analysis, validation with clinical samples, and in vitro cellular
experiments. Tumorigenesis is a multi-step, complex process involving the acquisition of several biological hallmarks,
including sustained proliferation, resistance to apoptosis, invasion and metastasis, and immune escape [18-20]. Our
findings reveal that aberrant GK expression is closely associated with multiple malignant features of ESCA, playing a
significant role not only in the intrinsic metabolic reprogramming of tumor cells but also in shaping the extrinsic
immune microenvironment.
All results clearly demonstrate that GK is significantly overexpressed in ESCA tissues, and its high expression serves as
an independent risk factor for shortened overall survival in patients. Survival analysis of the TCGA database showed
that the median overall survival (mOS) was significantly shorter in the high GK expression group compared to the low
expression group (3.5 years vs. 1.8 years). This conclusion was further validated in our clinical cohort comprising 60
ESCC cases, where patients with high GK expression exhibited a reduction in mOS by 9.5 months. Importantly,
analysis of clinical characteristics revealed that GK expression levels were not associated with conventional clinical
parameters but were specifically and significantly correlated with distant metastasis and tumor recurrence. This suggests
that GK is a key driver molecule promoting the invasive and metastatic potential of ESCA, rather than a mere bystander
phenomenon.
Furthermore, tumor progression cannot be achieved without its ability to escape host immune surveillance. A significant
finding of this study is the association between high GK expression and the formation of an immunosuppressive tumor
microenvironment. Bioinformatics analysis indicated that in ESCA samples with high GK expression, the expression of
several key immune checkpoint molecules (e.g., PD-L1, CTLA-4, LAG-3) was significantly upregulated, whereas
cytotoxic CD8+ T cells and CD4+ T cells were markedly depleted. This reveals another potential mechanism by which
GK promotes tumor progression: through GK-mediated metabolic reprogramming, tumor cells may alter the nutrient
competition landscape within the tumor microenvironment or generate specific metabolites (such as lactate, kynurenine,
etc.). These metabolites can directly inhibit T cell function, induce the infiltration of immunosuppressive cells like
myeloid-derived suppressor cells (MDSCs), and concurrently upregulate immune checkpoint molecules, collectively
fostering a "cold tumor" microenvironment conducive to tumor cell survival and immune evasion.
In summary, the innovation of this study lies in being the first to systematically link GK to poor prognosis, metastasis,
recurrence, and an immunosuppressive microenvironment in ESCA, confirming its value as an independent prognostic
biomarker and a potential therapeutic target. Although this study has limitations, including a limited sample size and
insufficient in vivo functional validation, the results provide new experimental evidence and theoretical support for
applying GK in ESCA prognosis assessment and for developing novel therapies targeting lipid metabolic
reprogramming.
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