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Figure 4. BHB-G"" medium can hinder the proliferation and migration of liver cancer cells by suppressing the production of insulin. (A) gPCR
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 (100x) and Transwell (200x) assays were used to detect the proliferation and migration ability of Huh-7 cells
after different treatments (*VS Ctrl, #VS BHB-G ¥, 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-G"" 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.' 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.®
Ketogenic diet is a therapy that alters the composition
of the diet and is safer than medication." 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.?° 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.2! However, KD has
been shown to have no effect on reducing tumor volume
in several studies on gliomas and medulloblastomas.?223
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-G"" 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 p 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.2*
Recent studies have revealed that insulin features in the
survival and growth of cancer cells.?® Cao et al?® 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.?” 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.2" As Heckl et al?® 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-G'*¥
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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