
Abstract. Background/Aim: Stress reactions, especially those
related to surgery, cause poor convalescence of cancer
patients. β-Hydroxyβ-methylbutyrate (HMB) is known to
regulate excessive inflammation in the body. The objective of
this work was to investigate the capacity of HMB to suppress
activation of nuclear factor-kappa B (NF-ĸB) and production
of interleukin-6 (IL-6) in a human esophageal squamous cell
carcinoma cell line (TE-1). Materials and Methods: Cell
proliferation was measured using the water-soluble
tetrazolium-1 method, while tumor necrosis factor alpha
(TNFα)-induced IL-6 production was measured using an
enzyme-linked immunosorbent assay (ELISA) assay. Nuclear
translocation of NF-ĸB was detected by immunofluorescence
staining. Results: HMB did not affect cell proliferation.
However, HMB suppressed the TNFα-induced increase in 
IL-6 production in TE-1 cells by inhibiting NF-ĸB activation.
Conclusion: HMB did not influence TE-1 cell proliferation, but
inhibited activation of NF-ĸB and IL-6 production. This result
may be useful for improving excessive stress reactions during
and after surgery.

During and after cancer surgery, operative stress can promote
tumor metastasis and result in poor prognoses. Notably,
stress related to thoraco-laparotomy for esophageal cancer
carries an extremely high risk of postoperative
complications. Excessive post-surgical stress or
postoperative complications, so-called second attacks, cause

a cytokine storm that promotes tumor metastasis (surgical
oncotaxis). Reported mechanisms underlying surgical
oncotaxis include increased adrenal corticoid levels, blood
coagulability, immunosuppression, and reactive oxygen
species production (1-3).

Usually, increased levels of cytokines, such as interleukin-
1 (IL-1) or tumor necrosis factor alpha (TNFα), are observed
several hours after surgery, followed by increased IL-6 or 
IL-8 (4, 5). TNFα, a representative inflammatory cytokine
secreted in the tumor microenvironment, elicits secretion of
other cytokines by activating nuclear factor-kappa B 
(NF-ĸB) signaling (6). NF-ĸB plays a central role in
inflammatory reactions, and is the primary activator of
cytokine storms (7, 8). Target genes of NF-ĸB include
adhesion factors, iNOS (inducible nitric oxide synthase), and
other factors (9). Thus, NF-ĸB plays an important role in
tumor survival, metastasis, and chemotherapy resistance. 
NF-ĸB is essential for promoting inflammation-related cancer.
This mechanism can significantly impact chemotherapy and
cancer-related surgeries (10). Therefore, NF-ĸB regulation is
extremely important for cancer therapies.

β-hydroxyβ-methylbutyrate (HMB), a metabolite of the
branched-chain amino acid leucine that obstructs NF-ĸB
(p65) function, has attracted attention for its ability to control
excessive inflammatory reactions. HMB reportedly reduces
inflammatory cytokine production, apoptosis, and activity of
proteolysis-inducing factor (11). Thus, we hypothesized that
HMB regulates activation of the ubiquitin-proteasome
pathway to control NF-kB activation and excessive
inflammatory reaction in cancer cells. 

Materials and Methods
Cell culture. TE-1 cells (RIKEN Bioresource Center Cell Bank,
Tsukuba, Japan) were incubated in RPMI-1640 culture medium
(Sigma-Aldrich, St. Louis, MO, USA) with 10% fetal bovine serum
(Nichirei Biosciences, Tokyo, Japan) in a humidified 37˚C incubator
with 5% CO2. TNFα [Cell Signaling Technology (CST), Danvers,
MA] and HMB (Alfa Aesar, Lancaster, UK) were dissolved in
distilled water to generate stock solutions.

353

This article is freely accessible online.

Correspondence to: Sachi Miyake, Department of Doctoral Program
in Health Science, Kawasaki University of Medical Welfare, 288
Matsushima, Kurashiki, Okayama 701-0193, Japan. Tel: +81
864621111, Fax: +81 864641109, e-mail: s-miyake@mw.kawasaki-
m.ac.jp

Key Words: β-Hydroxy-β-Methylbutyrate (HMB), NF-ĸB, TE-1
cells.

in vivo 33: 353-358 (2019)
doi:10.21873/invivo.11481

β-Hydroxy-β-methylbutyrate Suppresses NF-ĸB Activation 
and IL-6 Production in TE-1 Cancer Cells

SACHI MIYAKE1, AYAKO OGO1, HISAKO KUBOTA2, FUSAKO TERAMOTO1 and TOSHIHIRO HIRAI1

1Department of Doctoral Program in Health Science, Graduate School of Health Science and Technology,
Kawasaki University of Medical Welfare, Kurashiki, Japan;

2Department of Digestive Surgery, Kawasaki Medical School, Kurashiki, Japan



Cell viability assay. TE-1 cells were seeded in 96-well culture plates
(IWAKI, Chiba, Japan) at a density of 104 cells/ml (100 μl/well) and
incubated overnight. HMB diluted in RPMI-1640 to 0-1 mM was
added the following day and cells were cultured for an additional
24 h. Similarly, TNFα diluted to 0-100 ng/ml was added to cells for
24 h. Cell survival was measured using a water-soluble tetrazolium-
1 (WST-1) cell proliferation assay kit (Takara, Tokyo, Japan). WST-
1 reagent (10 μl) was added to each well for incubation at 37˚C for
4 h. Plates were measured at 450 nm and 690 nm using a microplate
reader (Thermo Fisher Scientific, Tokyo, Japan).

Measurement of IL-6 production. TE-1 cells (105 cells/ml) were
seeded in 24-well culture plates (IWAKI) and incubated for 24 h.
After incubation, supernatants were removed and new media were
added; this point was set as 0 h. After 1, 3, or 6 h of culture with
TNFα (50 ng/ml) and HMB (0.03, 0.3, 0.5, or 1 mM), supernatants
were collected and measured at 450 nm and 570 nm using a Human
IL-6 ELISA Kit (Thermo Fisher) and microplate reader.

Western blot analysis. TE-1 cells isolated from each condition were
washed in phosphate-buffered saline (PBS) before nuclear and
cytoplasmic extraction was performed using the NE-PER Nuclear and
Cytoplasmic Extraction Reagents (Thermo Fisher). Protein
quantification of each sample was performed using a Pierce® BCA
Protein Assay Kit (Thermo Fisher). After adding a 4× volume of
protein sample buffer and heating samples at 95˚C for five min,
samples were separated using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and Immun-Blot® PVDF membranes (BioRad,
Hercules, CA, USA). After blocking in 1×Tris-buffered saline with
0.1% Tween-20 (TBS-T) containing 5% skim milk for 1 h at room
temperature, gels were washed three times for five min each. Rabbit
anti-NF-kB-p65 (D14E12, CST), mouse anti-IĸB (L35A5, CST), and
rabbit anti-β-actin (13E5, CST), were diluted to 1:1,000 in TBS-T
containing 5% bovine serum albumin in or 5% non-fat dry milk, and
incubated at 4˚C overnight. Membranes were washed three times in
TBS-T and then incubated with 1:2,000-3,000 solution of horseradish
peroxidase anti-rabbit IgG (CST) in TBS-T with 5% skim milk for 
1 h at room temperature. After incubation, gels were washed with
TBS-T and prepared for chemiluminescence with ECL western
blotting detection reagents (GE Healthcare, Tokyo, Japan).
Membranes were visualized with an ImageQuant LAS 4000mini and
analyzed with ImageQuant TL software (GE Healthcare).

Immunofluorescence staining of NFĸ-B in TE-1 cells. TE-1 cells (2×104
cells/ml) were seeded onto 13-mm cover glasses (Matsunami Glass,
Osaka, Japan) in 24-well culture plates. After incubation for 24 h,
culture medium was changed to control medium or medium including
TNFα (50 ng/ml) or HMB (0.5 mM) for 6 h. After fixing in 4%
formaldehyde for 15 min, samples were blocked in PBS containing 5%
normal goat serum (Wako, Osaka, Japan) and 0.2% Triton®X-100
(Wako). After removing the blocking solution, cells were incubated
with NF-ĸB-p65 primary antibody at 4˚C overnight. Subsequently, an
Alexa Fluor®488-conjugated secondary antibody (CST) was added and
incubated for 1 h, and nuclei were counterstained with ProLong®Gold
Antifade Reagent with DAPI (CST). Samples were observed by
confocal laser-scanning microscopy (CLSM 700; Carl Zeiss
Microscopy, Tokyo, Japan) with an oil-immersion objective.

Statistical analysis. Each experiment was repeated three times. All
numerical values represent mean±standard error of the mean (SEM).
Statistical analysis of group differences was performed using one-

way analysis of variance (ANOVA) and multiple comparison
(Tukey-Kramer) tests. p-Values were two-sided and p<0.05 was
considered significant.

Results

Cell viability. The capacity of HMB to suppress cell
proliferation of TE-1 cells was investigated. Inhibition rates
were calculated based on 0 μM HMB. HMB did not suppress
cell proliferation (Figure 1A). Next, the effect of TNFα on
cell proliferation was investigated. TNFα did not influence
the proliferation of TE-1 cells after a 24-h incubation (Figure
1B). Based on these results, 50 ng/ml TNFα was used to
stimulate TE-1 cells.

HMB suppressed TNFα-induced IL-6 production. We next
determined if HMB was able to suppress TNFα-induced 
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Figure 1. TE-1 cell proliferation. (A) Cell proliferation after treatment
with the indicated concentrations of β-hydroxy-β-methylbutyrate (HMB)
for 24 h. The white column shows the control. (B) Cell proliferation
after treatment with the indicated concentrations of tumor necrosis
factor-α (TNFα) for 24 h. Results are presented as the mean±SEM of
three experiments.



IL-6 production in TE-1 cells (Figure 2). IL-6 production
was conspicuously increased by TNFα (50 ng/ml) (p<0.001).
Low concentration HMB (0.03 mM) induced a similar level
of IL-6 production as TNFα alone. However, 0.3 mM and
0.5 mM HMB suppressed IL-6 production in a dose-
dependent manner, while 1 mM HMB significantly
decreased IL-6 production (3 h: p<0.001, 6 h: p<0.05)
(Figure 2). 

HMB suppressed TNFα-induced NF-ĸB activity. Nuclear
translocation of NF-ĸB was quantified by western blot
analysis. HMB (0.5 mM) suppressed NF-ĸB activation
(p<0.001, Figure 3A and B), as changes in p65 and IĸB
protein expression were detected. Indeed, TNFα stimulation
induced the expression of IĸBα, which was suppressed by
0.5 mM HMB (p<0.01, Figure 3C and D).

Immunofluorescence staining of NF-ĸB activity. To confirm
NF-ĸB activation, nuclear translocation of the NF-ĸB p65
subunit was observed using confocal laser-scanning
microscopy. Upon addition of 50 ng/ml TNFα, the green
fluorescence signal of p65 overlapped with the nuclear blue
fluorescence signal (Figure 4A), confirming the translocation
of p65 protein into cell nuclei in response to TNFα
stimulation. Combining 0.5 mM HMB with TNFα reduced
nuclear translocation of NF-ĸB. Furthermore, the density of
nuclear NF-ĸBp65 was 7.3%±1.1% in the control, but
increased to 79.8%±7.3% with TNFα stimulation, and
decreased to 11.3%±1.2% with combined administration of

TNFα and 0.5 mM HMB (Figure 4B). Thus, HMB
significantly suppressed NF-ĸB activation induced by TNFα
stimulation (p<0.001). 

Discussion

The nutritional state of cancer patients has a serious
influence on prognosis and quality of life (QOL). With
cancer progression, many patients experience loss of appetite
and weight, thus falling into an undernourished state.
Excessive surgical stress and post-operative complications
can cause a cytokine storm, which promotes malnourishment
and tumor metastasis, resulting in a poor prognosis for
cancer patients (2, 4). In particular, thoraco-laparotomy for
esophageal cancer causes a high amount of stress on patients,
which frequently causes post-operative complications (so-
called second attack) and harmful cytokine storms. This
phenomenon leads to a poor prognosis of esophageal cancer
patients (1, 3). In addition, chemotherapy and radiotherapy
activate NF-ĸB signaling, which may contribute to
therapeutic resistance (12, 13). 

Constant NF-ĸB activation has been reported in many
human tumors, whereby it participates in various processes
including inflammation, immunity, cell cycle, apoptosis, and
metastasis (14-16). TNFα, a representative inflammatory
cytokine secreted in cancer microenvironments, as well as
activation of NF-ĸB, are thought to cause secretion of other
cytokines. As the persistence of hypercytokinemia is strongly
related to an outbreak of infectious complications after surgery
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Figure 2. The effects of β-hydroxy-β-methylbutyrate (HMB) and tumor necrosis factor-α (TNFα) on interleukin-6 (IL-6) production in TE-1 cells.
HMB and TNFα were added to TE-1 cells at the same time and incubated for 1, 3, or 6 h. Results are presented as the mean±SEM of three
experiments. Differences from the control (HMB (–), TNFα (–)) are represented by different letters: a, p<0.05; b, p<0.01; c, p<0.001. Differences
from HMB (–), TNFα 50 ng/ml (+) are represented by asterisks: *p<0.05; **p<0.001. Statistical differences were assessed using ANOVA and Tukey
post hoc tests.



and known to increase side effects associated with cancer
chemotherapy, control of cytokine signaling might contribute
to the improvement of cancer therapy by various mechanisms. 

HMB, a metabolite of the essential amino acid leucine, is
produced in liver and muscle. In addition, HMB is used as a
nutritional supplement to promote muscle strength and lean
body muscle (17). Physiological effects of HMB include
alterations of protein synthesis, suppression of proteolysis,
and anti-inflammatory effects, which maintain muscle in
both young and elderly individuals (18-21). Indeed, the
effects of HMB on muscle training, muscular hypertrophy,
recovery from muscle damage, prevention of age-induced
muscle atrophy, and decrease fat content are known (22). In
a clinical study, the anti-inflammatory action of HMB
improved breathing function in dangerously ill chronic
obstructive pulmonary disease patients (23). Furthermore,
maintenance or increased lean body mass was observed in

debilitated patients with acquired immunodeficiency
syndrome (24). In cancer cachexia, a mixture including
HMB, arginine, and glutamine showed dose-dependent
maintenance or increased lean body mass (25). Thus, HMB
can bring about various beneficial effects without harming
healthy or ill individuals (26). However, not all clinical
studies showed a desirable outcome and the precise
molecular mechanism of HMB function remains unclear (27,
28). One mechanism of HMB function is inhibition of the
ubiquitin-proteasome pathway, which elicits a protective
effect against cancer-associated proteolysis (11). 

We investigated whether HMB could suppress upregulated
IL-6 production in response to TNFα stimulation in the human
esophageal cancer cell line TE-1 through control of the
ubiquitin-proteasome pathway. Our data showed an obvious
suppression of NF-ĸB nuclear translocation with concentrations
of HMB 0.5 mM or greater. We speculate that HMB may
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Figure 3. β-hydroxy-β-methylbutyrate (HMB)-mediated inhibition of nuclear factor-kappa B (NF-ĸB) activation observed by western blotting. The
protein levels of p65 (A) and NF-ĸB inhibitor α (IĸBα) (C) in nuclear and cytoplasmic fractions were determined by western blotting. The ratio of p65
(B) and IĸBα (D) to β-actin levels are shown normalized to that of the control using combined quantitative data. TE-1 cells were incubated in the
presence of 0.5 mM HMB or 50 ng/ml TNFα alone or in combination. Samples were collected for western blot analysis 24 h after the addition of HMB.
Results are presented as the mean±SEM of three experiments: *p<0.05; **p<0.01; ***p<0.001 as determined by ANOVA and Tukey post hoc tests.



control IĸBα phosphorylation to suppress nuclear translocation
of NF-ĸB/Rela, thereby reducing IL-6 production. Notably, the
primary mechanism by which IL-6 production is suppressed is
unrelated to cell proliferation or death. Regardless, HMB elicits
an anti-inflammatory effect in TE-1 cells.

A compounding agent containing HMB, glutamine, and
arginine effectively protected against chemoradiotherapy-
induced dermatitis in head and neck cancer patients (29).
This effect may be related to the anti-inflammatory activity
of HMB. In cancer patients, hyperactive cytokine signaling
brings about appetite loss, increased energy consumption,
and metabolic disorders. Furthermore, it causes tissue injury,
mucosal breaks and, ultimately, cachexia. Therefore, the anti-
inflammatory effect of HMB is expected to be beneficial for
various cancer therapies.

Anti-cancer agents induce apoptosis of cancer cells, but
also activate NF-ĸB, which elicits an anti-cancer effect (30).
NF-ĸB induces anti-apoptotic activity in response to 
5-fluorouracil or cisplatin, two standard chemotherapy agents
for esophageal cancer patients. One mechanism by which
this occurs is induction of Bcl-2 family members (31).
TNFα-induced activation of NF-ĸB and the mechanistic
target of rapamycin (mTOR) is another reported mechanism
of anti-cancer resistance (32). Our unpublished flow
cytometry data indicated that HMB did not induce apoptosis.
From these results, HMB elicits an anti-inflammatory effect

by reducing NF-ĸB activation without inducing apoptosis in
cancer cells. This result reveals the usefulness of HMB for
various cancer therapies including surgery, chemotherapy,
and QOL improvement. However, the precise mechanism by
which HMB exerts its effects, for example, participation in
mTOR signaling, remains unknown and, thus, requires
further investigation. 
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