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ABSTRACT
Background/Aims: Ketogenic diet (KD) may benefit patients with liver cancer, but the underlying mechanism of its anti-cancer effect 
remains an open issue. This work aimed to explore the influence of simulated KD on the proliferation and migration of cultured hepa-
toma cells.
Materials and Methods: The low-glucose medium supplemented with β-hydroxybutyrate (BHB-Glow) was utilized to simulate clinical KD 
treatment. Western blot was utilized for detecting the expression of glycolysis-related proteins, Seahorse XF96 for oxygen consump-
tion rate (OCR) and extracellular acidification rate (ECAR), and ELISA for insulin content. Expression of FOXC2 in liver cancer cells was 
analyzed by bioinformatics and qPCR. Cell Count Kit-8 (CCK-8) testing kit was utilized for testing cell viability.
Results: KD treatment significantly reduced the expression of glycolysis-related proteins in Huh-7 cells, inhibited insulin production 
in β islet cells, reduced ECAR, and increased OCR. FOXC2 was significantly up-regulated in Huh-7 cell line, and sh-FOXC2 hindered 
the proliferation and migration of Huh-7 cells. The exogenous addition of insulin promoted the malignant progression of Huh-7 cells. 
Together, the medium simulating KD environment strengthened the protection of liver cancer cells by reducing insulin production and 
down-regulating FOXC2 expression.
Conclusion: This study confirmed through in vitro cell experiments that KD could inhibit the proliferation and migration of liver cancer 
cells by targeting down regulation of insulin and FOXC2 expression, providing new theoretical basis for the treatment of liver cancer 
patients.
Keywords: Ketogenic diet, insulin, FOXC2, liver cancer

INTRODUCTION
Liver cancer ranks as the sixth most prevalent cancer in 
terms of new cases globally and stands as the third lead-
ing cause of mortality, posing a huge threat to people’s 
health and economic development.1 For patients with 
advanced hepatocellular carcinoma (HCC), there are dif-
ferent treatment strategies, including tyrosine kinase 
signaling inhibitors, angiogenesis inhibitors, and immune 
checkpoint inhibitors.2 Nevertheless, none of these 
addresses the modified metabolic function of liver cancer 
cells. Cancer cells display an atypical metabolic pattern in 
which they produce lactate from large amounts of pyru-
vate produced by glycolysis even with sufficient oxygen, 
which is called the Warburg effect.3 Numerous studies of 

glycolysis-promoting liver cancer progression have been 
reported. For example, ZEB1 promotes tumorigenesis 
and metastasis in HCC by facilitating the Warburg effect 
through transcriptional activation of PFKM.4 Knockdown 
of FOXK1 hinders liver cancer cell activity by suppressing 
glycolysis.5 Hence, targeting glycolytic metabolic path-
ways could proffer a fresh therapeutic strategy for liver 
cancer.

Functioning as a high-fat and low-carbohydrate dietary 
regimen, the ketogenic diet (KD) has been observed to 
mitigate glucose metabolism while augmenting lipid 
metabolism, thereby exerting a disruptive influence on 
the Warburg effect.1 Originally utilized to treat intractable 

35

9

mailto:drliyingcao@163.com
http://orcid.org/0009-0006-0166-9576
http://orcid.org/0009-0004-6072-3662
http://orcid.org/0009-0003-7498-3222
http://orcid.org/0009-0002-4615-3902
http://orcid.org/0009-0005-2770-9495


Ma et al. Ketogenic Diet Hinders the Growth of Liver Cancer Cells Turk J Gastroenterol 2024; 35(9): 726-734

727

epilepsy, KD has recently grown into an underlying met-
abolic therapy for cancer by converting fatty acids to 
ketone bodies in a bid to cut down insulin secretion and 
switch to fat oxidation as fuel.3 Accumulating studies 
prove that KD might be an effective anti-cancer treat-
ment. For example, within a murine model of colon 
cancer, KD induces anti-tumor properties by triggering 
oxidative stress, suppressing MMP-9 expression, and 
rebalancing the M1/M2 tumor-associated macrophage 
phenotype.6 In the BALB/c-nu mouse neuroblastoma 
xenograft model established by the human neuroblas-
toma cell line (SH-SY5Y), KD may hinder tumor growth 
by regulating cell autophagy.7 Additionally, some studies 
have discussed the influence of KD on liver cancer. Wang 
et al3 found that KD up-regulates HMGCS2 expression 
and hinders the growth of HCC tumor; in the meantime, 
a negative correlation between tumor size and HMGCS2 
expression was observed. Healy et al8 pointed out the 
reduction of KD in tumor burden in mice with HCC. 
However, Byrne et al9 ascertained no significant influ-
ence of KD on the progress of HCC in mice. Overall, the 
mechanism of KD in liver cancer remains an open issue. 
Hence, it is urgent to investigate the factors influenc-
ing the anti-tumor effects in liver cancer, thus providing 
more insights for precision medicine to develop person-
alized treatment strategies.

Belonging to the forkhead transcription factor family,10 
FOXC2 is located on the long arm of chromosome 16, 
plus strand, consisting of a single exon. It regulates the 
development of certain systems throughout embryo-
genesis, especially the lymphatic and vascular systems.11 
Currently, FOXC2 has been ascertained as an oncogene. 
As Chen et al12 revealed, HCC patients with higher FOXC2 
expression have shorter overall survival and FOXC2 stim-
ulates the activation of the Ang-2 promoter. Inhibition of 
Ang-2 expression impedes FOXC2-mediated EMT, cell 
migration, and HCC invasion. FOXC2 fosters oxaliplatin 
resistance in colorectal cancer by triggering epithelial-
mesenchymal transition through MAPK/ERK signaling.13 
Insulin has been ascertained by previous studies to affect 

the expression of FOXC2. For example, insulin can effec-
tively trigger the expression of FOXC2 protein during the 
differentiation of adipose tissue-derived mesenchymal 
stem cells, which may be achieved by regulating the activ-
ity of the FOXC2-Pro-512T promoter.14 Insulin enhances 
prostate cancer cells to migrate and invade by up-regulat-
ing the expression of FOXC2.15 Thus, we speculated that 
insulin can influence FOXC2 expression in liver cancer 
cells, which will lead to a promising direction in exploiting 
the treatment for liver cancer.

In the case of cancer, dysregulation of insulin signaling 
and overexpression of transcription factor FOXC2 are 
related to promoting tumor proliferation and migration. 
Therefore, we hypothesized that simulating a KD in vitro 
may lead to a decrease in insulin production and downreg-
ulation of FOXC2 expression in liver cancer cells, thereby 
inhibiting liver cancer cell proliferation and migration. This 
study provided valuable insights for dietary intervention 
in cancer treatment by studying the mechanism of in 
vitro simulated KD on cancer cells.

MATERIALS AND METHODS
Bioinformatics Analysis
The mRNA count data of 572 liver cancer patients in 
The Cancer Genome Atlas (TCGA)-Liver Cancer cohort 
was acquired by linkage to the National Cancer Center 
website (https ://gd c.can cer.g ov/), annotated utilizing 
GENCODE v22. mRNA expression profile data were nor-
malized by log2 (RSEM+1).16

Cell Culture
Human normal hepatocyte THLE-3 and liver cancer cell 
line Hep G2 were bought from the American Type Culture 
Collection (USA). Liver cancer cell lines Huh-7 and Hep3B 
were bought from the Shanghai Cell Bank of Chinese 
Academy of Sciences (Shanghai, China), and human β 
islet cells from Ke Lei Biotechnology Co., Ltd (Shanghai, 
China). THLE-3 cells were kept in the BEGM medium 
added with 10% fetal bovine serum (FBS) (HyClone 
Laboratories, South Logan, UT, USA), 5 ng/mL EGF and 70 
ng/mL ethanolamine phosphate. Hep G2 cells and Huh-7 
cells were kept in the DMEM medium with 10% FBS. 
Hep3B cells were cultured in the DMEM medium con-
taining 10% FBS, 1 mL glutamine (Invitrogen, Carlsbad, 
CA, USA), 1ml nonessential amino acid 100X (Invitrogen), 
and 1 mL sodium pyruvate 100 mM solution (Invitrogen). 
Human β islet cells were kept in the RPMI-1640 medium 
with 10% FBS and 1% streptozotocin. All cells were cul-
tured at 37°C in 5% CO2.

Main Points
• Ketogenic diet was revealed to reduce insulin production 

by liver cancer cells.
• FOXC2 was highly expressed in liver cancer and promoted 

the proliferation and migration of liver cancer cells.
• It was confirmed for the first time that the ketogenic diet 

enhanced the protection of liver cancer patients by reduc-
ing insulin and decreasing FOXC2 expression.

https://gdc.cancer.gov/


Ma et al. Ketogenic Diet Hinders the Growth of Liver Cancer CellsTurk J Gastroenterol 2024; 35(9): 726-734

728

To simulate the KD, liver cancer cells Huh-7 were kept in 
the DMEM medium with 2.5 mM glucose and 10 mM BHB 
under the same conditions as described above. To identify 
the influence of insulin on the growth of liver cancer cells, 
10 nM insulin was added to the medium during ketogenic 
treatment. Insulin was purchased from Sigma-Aldrich (St. 
Louis, MO, USA).

Cell Transfection
Short hairpin RNA (shRNA) specifically targeting FOXC2 
(sh-FOXC2), as well as its corresponding negative con-
trol, was procured from GenePharma (Shanghai, China). 
They were transfected into liver cancer cells by utilizing 
Lipofectamine 2000 (Invitrogen).

Quantitative Polymerase Chain Reaction
Total RNA was extracted from cultured cells utiliz-
ing TRIzol reagent (Ambion, Austin, TX, USA). Reverse 
transcription of RNA (2 μg) was done by High-Capacity 
cDNA Reverse Transcription Kits (Applied Biosystems, 
Foster City, CA, USA). We added cDNA, KAPA SYBR FAST 
qPCR Master Mix (2×), and forward/reverse primer mix 
(Applied Biosystems) to 96-well PCR plates for reac-
tion. The reaction was performed in StepOne system 
(Applied Biosystems). The cycle threshold (Ct values) 
was exported to Excel for data analysis. The gene expres-
sion level was ascertained by the 2−△△CT method, taking 
β-actin as the internal reference gene. Table 1 listed the 
primer sequences.

Cell Viability and Proliferation
Cell Count Kit-8 (CCK-8) testing kit (Dojindo Molecular 
Technologies, Tabaru, Japan) was utilized to assay cell 
viability. Cells were put in 96-well plates (2 × 1042 × 104 
cells/well) with the medium containing 2.5 mM glucose 
and 10 mM BHB. The cells kept in the medium with 25 mM 
glucose were utilized as controls. The DMEM medium was 
utilized for sh-NC/sh-FOXC2 treated cells. For analyzing 
the viability when the culture ended, cells were incubated 
with 10 µL CCK-8 reaction solution (per 100 µL medium) 
at 37°C for 40 min at 0 hours, 24 hours, 48 hours, and 72 

hours. In the end, the optical density at 450 nm was esti-
mated utilizing a Bio-Rad 680 microplate reader (Bio-Rad 
Laboratories, Hercules, CA, USA).

5-eth ynyl- 2’-de oxyur idine  (EdU) assay was utilized to 
assess cell proliferation. In short, cells were kept in the 
medium with 50 mM EdU (RiboBio, Guangzhou, China) 
for 2 hours, then at room temperature, fixed with 4% 
PFA for half an hour, followed by staining with Apollo 567 
(RiboBio) for 30 minutes. Positively stained cells were 
captured utilizing a fluorescence microscope (Olympus, 
Japan).

Transwell Migration Assay
Transfected Huh-7 cells were seeded with 4 × 1044 × 
104 cells/well, followed by incubation in the serum-free 
medium. The basolateral chamber was added with the 
medium containing 10% FBS. After a 24-hour incu-
bation period, non-migratory cells were eliminated. 
Subsequently, migrated cells were immobilized with 4% 
methanol for half an hour and subjected to staining using 
a 0.1% crystal violet for 15 minutes. Images of five ran-
dom areas were captured by microscope (Carl Zeiss AG, 
Germany) to number migrated cells.

Glycolytic Stress Assay
Seahorse XF96 Glycolysis Analyzer (Seahorse Bioscience, 
North Billerica, MA, USA) was utilized to analyze extracel-
lular acidification rate (ECAR) and oxygen consumption 
rate (OCR) to assess the effects of KD on glycolytic stress 
and cellular mitochondrial stress. Glucose, oligomycin, 
and 2-deoxyglucose were added to the medium in turn 
for ECAR analysis. First, glucose was injected into the 
medium, in which it was catabolized to lactate and ATP, 
with a corresponding rise in ECAR values. Second, oligo-
mycin was introduced, which hindered mitochondrial ATP 
generation and transferred energy to glycolysis with a rise 
in ECAR. Extracellular acidification rate was presented in 
mpH/min units.

Regarding OCR analysis, oligomycin was injected into 
the medium first. Carbonyl cyano 4-(tr ifluo romet hoxy) 
pheny lhydr azone  (FCCP) was then introduced, result-
ing in rapid oxygen consumption. The induced increase 
in respiratory capacity compared to basal respiration 
represents spare respiratory capacity. Lastly, rotenone, 
antimycin A, and electron transport chain inhibitors 
were injected. Residual respiration corresponded to 
non-mitochondrial respiration. OCR was presented in 
pmoL/min units.17

Table 1. Quantitative Polymerase Chain Reaction Primer 
Sequences

Primer Forward Reverse

FOXC2 5’-CA CAGCG GGGAC 
CTGAA -3’

5’-CA GCCGG TGGGA 
GTTGA -3’

β-Actin 5’-TG TAGTC CGCAC 
CACCG TAGC- 3’

5’-TG TAGTC CGCAC 
CACCG TAGC- 3’
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Western Blotting
RIPA lysis buffer (Beyotime Institute of Biotechnology, 
Shanghai, China) with complete protease inhibitor mix-
ture (Roche Diagnostics, Basel, Switzerland) was utilized 
to treat cells for half an hour at 4°C to acquire whole cell 
lysates. The bicinchoninic protein assay kit (Thermo Fisher 
Scientific, Waltham, MA, USA) was utilized to measure 
the total protein concentration. Protein samples (20 g) 
were loaded onto 10% sodium dodecyl sulfate (SDS) gels 
and separated by SDS-PAGE. Following separation, pro-
teins were transferred to PVDF membranes and blocked 
with 5% skim milk powder for 4 hours at room tempera-
ture. Then, samples were cultured with rabbit anti-human 
primary antibodies at 4 °C for 12 hours, and after that, 
cultured with goat anti-rabbit secondary antibody IgG at 
room temperature for 2 hours. Signals were observed uti-
lizing an enhanced chemiluminescence detection system 
(GE Healthcare, Little Chalfont, Buckinghamshire, UK). 
Primary antibodies utilized included: β-actin (ab8226, 
1 : 1000, Abcam, Cambridgeshire, East of England, UK), 
HK2 (ab209847, 1 : 1000, Abcam), PKM2 (ab85555, 
1 : 1000, Abcam), and LDHA (ab52488, 1 : 5000, Abcam).

Insulin Measurement
For insulin assay of cell supernatant, the cell superna-
tant was taken directly for culture, measured by using 
the Human Insulin ELISA assay kit (Crystal Chem, Cook, 
Illinois, USA) after centrifugation.18

Statistical Analysis
Data are expressed as mean ± SD. GraphPad Prism ver-
sion (GraphPad Software, USA) was utilized for all data 
analyses. Statistical analysis was fulfilled by utilizing 
repeated-measures analysis of variance and post hoc 
Tukey test. The difference between the two groups was 
analyzed by a two-sample t-test. P < .05 indicated statis-
tical significance.

RESULTS
BHB-Glow Medium Hinders Glycolysis and FOXC2 
Expression in Liver Cancer Cells
To investigate the impact of KD on the metabolic pattern 
of liver cancer cells, we cultured Huh-7 cells using BHB-
Glow medium (2.5 mM glucose with the addition of 10 mM 
BHB) as a way to simulate clinical ketogenic treatment, 
and the control was normal medium containing 25 mM 
glucose. WB detected the expression of glycolysis-related 
proteins HK2, PKM2, and LDHA, with results showing that 
BHB-Glow medium tellingly decreased the expression of 
the above proteins (Figure 1A). Subsequently, we found 

that ketogenic treatment significantly decreased the 
ECAR value and increased OCR value of cells (Figure 1B 
and1C), indicating that ketogenic treatment was able 
to inhibit the glycolytic process in liver cancer cells. 
Furthermore, KD was found to affect insulin levels,1 while 
insulin enhances cancer cells to migrate and invade by 
up-regulating FOXC2,15 we hypothesized that BHB-Glow 
medium might affect FOXC2 expression. To test this 
hypothesis, we examined FOXC2 expression after keto-
genic treatment and found that FOXC2 expression was 
significantly hindered (Figure 1D). Based on the above 
results, a simulated KD environment could regulate liver 
cancer cell metabolism, and affect the expression of 
FOXC2.

FOXC2 has High Expression in Liver Cancer and Fosters 
the Proliferation and Migration of Liver Cancer Cells
The above studies ascertained that the BHB-Glow 
medium affected the expression of FOXC2. Therefore, 
FOXC2 was selected as the research object here. We 
found significant up-regulation of FOXC2 in liver can-
cer tissues by bioinformatics analysis, and high expres-
sion of FOXC2 in liver cancer cells by qPCR (Figure 2A 
and 2B). Since FOXC2 was relatively highly expressed 
in Huh-7 cells, we chose this cell line for subsequent 

Figure 1. BHB-Glow medium hinders glycolysis and FOXC2 expression 
in liver cancer cells. (A) Expression levels of glycolysis-related proteins 
after ketogenic treatment; (B and C) Seahorse XF96 glycolysis 
analyzer was utilized to analyze ECAR and OCR of different groups of 
cells; (D) FOXC2 expression after ketogenic treatment by qPCR, 
*P < .05; **P < .01; ***P < .001. ECAR, extracellular acidification rate; 
OCR, oxygen consumption rate.
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experiments. We then constructed the following groups 
based on the Huh-7 cell line: sh-NC and sh-FOXC2. As 
qPCR and CCK-8 results showed, sh-FOXC2 treatment 
significantly reduced FOXC2 expression and cell viabil-
ity (Figure 2C and 2D). EdU and Transwell assays were 
utilized to assay the proliferation and migration of cells 

after different treatments, with results showing that the 
proliferation and migration ability of Huh-7 cells in the 
sh-FOXC2 group was significantly reduced (Figure 2E 
and 2F). Together, FOXC2 was considerably up-regu-
lated in liver cancer and could foster liver cancer cells to 
migrate and proliferate.

Figure 2. FOXC2 expression is up-regulated in liver cancer and promotes cell proliferation and migration. (A) Bioinformatics analysis of 
FOXC2 expression in liver cancer tissues (orange: normal tissues; blue: cancer tissue); (B) quantitative polymerase chain reaction (qPCR) was 
utilized to detect the expression of FOXC2 in liver cancer cells Hep G2, Huh-7, Hep3B, and normal cells THLE-3; (C) qPCR was utilized to 
detect the expression of FOXC2 after sh-FOXC2 treatment; (D) CCK-8 was utilized to detect the viability of Huh-7 cells after sh-FOXC2 
treatment; (E and F) EdU (100×) and Transwell (200×) assays were utilized to detect the proliferation and migration ability of Huh-7 cells after 
sh-FOXC2 treatment, *P < .05.
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Increased Insulin Promotes the Proliferation and 
Migration of Liver Cancer Cells
To figure out the underlying mechanism of KD affecting 
liver cancer cell growth, we measured insulin secretion 
by ELISA in pancreatic β cells cultured in the BHB-Glow 
medium KD and found that insulin content was signifi-
cantly decreased in the ketogenic group versus control 
group (Figure 3A). To figure out the influence of insulin 
secretion on liver cancer cells, we treated liver cancer cells 
by adding 10 nM insulin to the medium. FOXC2 expression 
was detected by qPCR under different culture conditions 
and was found to be enhanced by the addition of insu-
lin (Figure 3B). We then investigated how insulin affected 
the malignant behavior of liver cancer cells and found 
that insulin promoted the proliferation and migration of 

Huh-7 cells (Figure 3C and 3D). The BHB-Glow medium 
was ascertained by these outcomes to foster the malig-
nant development of liver cancer cells through insulin 
release from β islet cells.

BHB-Glow Medium Can Hinder the Proliferation and 
Migration of Liver Cancer Cells by Suppressing the 
Production of Insulin
To investigate how BHB-Glow medium affected liver can-
cer cells, we added 10 nM insulin to Huh-7 cells under 
ketogenic treatment. Expression of FOXC2 under differ-
ent culture conditions was detected by qPCR, with results 
showing that ketogenic treatment could hinder the 
expression of FOXC2, and the addition of insulin restored 
FOXC2 to the control level (Figure 4A). WB was utilized 

Figure 3. Increased insulin promotes the proliferation and migration of liver cancer cells. (A) ELISA was used to detect the effect of ketogenic 
treatment on insulin release from β islet cells; (B) qPCR was used to detect the effect of insulin on FOXC2 expression; (C) EdU was used to 
detect the effect of insulin treatment on the proliferation of liver cancer cells (100×); (D) Transwell assay was used to detect the effect of 
insulin treatment on the migration ability of liver cancer cells (200×); *P < .05.
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Figure 4. BHB-Glow medium can hinder the proliferation and migration of liver cancer cells by suppressing the production of insulin. (A) qPCR 
was used to detect the expression of FOXC2 in Huh-7 cells of different groups; (B) WB was used to detect the expression of HK2, PKM2, and 
LDHA in Huh-7 cells of different groups; (C and D) Seahorse XF96 glycolysis analyzer was used to analyze ECAR and OCR of Huh-7 cells in 
different groups; (E and F) EdU (100×) and Transwell (200×) assays were used to detect the proliferation and migration ability of Huh-7 cells 
after different treatments (*VS Ctrl, #VS BHB-Glow, P < .05).
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to assay the expression of HK2, PKM2, and LDHA in each 
group, and it was found that insulin reversed the down-
regulated expression of the above proteins caused by 
ketogenic treatment (Figure 4B). Seahorse XF96 glycoly-
sis analyzer examined the ECAR values and came out the 
same result (Figure 4C), whereas the OCR results were 
opposite (Figure 4D). Next, we investigated the influence 
of ketogenic treatment on the malignant behavior of liver 
cancer cells, and the proliferation and migration abilities 
of Huh-7 cells were found weakened after ketogenic 
treatment, which was reversed by the addition of insulin 
(Figure 4E and 4F). In conclusion, the BHB-Glow medium 
was able to hinder the expression of FOXC2 by hindering 
insulin production, thereby suppressing the proliferation 
and migration of liver cancer cells.

DISCUSSION
Liver cancer remains one of the most prevalent and fatal 
cancers worldwide.19 With limited treatment options for 
liver cancer in the past decades, there is an imperative 
need to develop new treatments to improve the survival 
status of clinical liver cancer patients. In recent years, KD 
has attracted researchers’ attention as a way to target 
catabolic differences between normal and cancer cells.3 
Ketogenic diet is a therapy that alters the composition 
of the diet and is safer than medication.1 Generally, most 
clinical and preclinical studies have illustrated beneficial 
anticancer effects of KD, such as a randomized study 
using ketogenic metabolic therapy for breast cancer 
patients, which found lower serum insulin and reduced 
tumor size (27 vs. 6 mm) in the ketogenic group, with a 
meaningful decrease in staging after 12 weeks in patients 
with locally advanced disease.20 In the colon cancer mouse 
model, mice in the KD group had longer survival time and 
better health, significantly smaller weight of ascites, and 
improved anemia symptoms, red blood cell count, hemo-
globin count as well as hematocrit.21 However, KD has 
been shown to have no effect on reducing tumor volume 
in several studies on gliomas and medulloblastomas.22,23 
Apparently, tissue specificity might determine whether 
a tumor is sensitive to KD therapy. Hence, this work 
investigated how KD affected liver cancer progression 
to pave the way for relevant treatment through in vitro 
experiments.

In this study, the BHB-Glow medium simulating KD envi-
ronment in vitro was found to inhibit insulin production 
in liver cancer cells. Insulin is a protein hormone secreted 
by the pancreatic β cells in the pancreas in response to 
incentive by a variety of internal and external substances. 

It is the only glucose-lowering hormone in the body, so 
it promotes the synthesis of protein, fat, and glycogen.24 
Recent studies have revealed that insulin features in the 
survival and growth of cancer cells.25 Cao et al26 ascer-
tained the extracellular vesicles secreted by breast can-
cer cells hinder insulin secretion via miR-122, thereby 
impairing systemic glucose homeostasis and promoting 
tumor growth. Coincidentally, biopsies from colon cancer 
patients have shown that hyperglycemia is associated 
with ACAT1, lymph node metastasis, and distant metas-
tasis. Insulin significantly promotes human colon cancer 
HT-29 cells to proliferate and migrate.27 Furthermore, 
accumulating evidence shows that the influence of 
insulin on tumor growth is carried out by changing the 
expression of oncogenes or tumor suppressor genes, 
like insulin-induced programmed death ligand 1 (PD-L1) 
expression in pancreatic ductal adenocarcinoma (PDAC) 
cells, thus suppressing the activity of CD8+T cells in 
PDAC.27 As Heckl et al28 revealed, insulin promotes the 
progression of colon cancer by up-regulating the expres-
sion of ACAT1. Our results produced similar findings com-
pared to previous studies. In liver cancer, KD hindered 
the expression of FOXC2 by reducing insulin production, 
thereby repressing the proliferation and migration of liver 
cancer cells in vitro.

In summary, our work proposed a feasible therapeutic 
modality in vitro that could be rapidly transformed for 
targeting liver cancer. Specifically, it was a metabolic 
regulation at the systemic level, in which the BHB-Glow 
medium hindered FOXC2 expression by interfering with 
glycolytic metabolism and inhibiting insulin production, 
thereby inhibiting liver cancer cells’ malignant progres-
sion. This implied KD to be a treatment modality for liver 
cancer. However, our research has limitations as we only 
conducted in vitro experiments and did not validate the 
accuracy of the results at the clinical level. In the future, 
we will collect clinical samples for an in-depth study on 
KD molecular mechanisms for treating liver cancer. All 
in all, our work proffered a therapeutic approach when 
treating liver cancer, and KD, as a safe and effective treat-
ment, may hold significant promise in ameliorating the 
outcome of patients with liver cancer if combined with 
existing treatments.
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