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Effects of an elemental diet, Elental®, may differ
between healthy oral cells and oral cancer cells
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Abstract. The effectiveness of an elemental diet (ED),
Elental®, against radiotherapy- or chemoradiotherapy-induced
oral mucositis was previously reported. However, the admin-
istration of additional nutrition or an ED in patients with oral
cancer may also provide extra nutrition for cancer cells, which
could result in cancer development. At present, it remains
unclear whether the beneficial effects of an ED are likely to
surpass its potential harmful effects on oral cancer treatment.
In the present study, we aimed to clarify whether Elental® has
different effects on a healthy human oral keratinocyte (HOK)
cell line compared with its effects on oral squamous cell
carcinoma (OSCC) cell lines (HSC2, HSC3, HSC4). The
efficacy of Elental® was compared in relation to the growth
and migration ability of HOK and OSCC cell lines using MTT
assay and migration assay, respectively. In addition, whole
transcriptome analysis and network analysis were performed
to determine the difference in the mechanism of action of
Elental® between HOK and HSC?2 cells. In addition, Elental®
promoted growth and migration ability of-malnourished and
5-fluorouracil (5-FU)-treated damaged HOK cells cultured
in low nutrition medium (0% growth supplement). However,
Elental® did not affect the growth ability of 5-FU-treated
damaged HSC2 cell line in low nutrition medium (0 or 1% fetal
bovine serum (FBS), as well as the growth ability of HSC3
and HSC4 cell lines in medium containing 0% FBS. Elental®
pre-treatment also enhanced the apoptosis-inducing effect
of anticancer agents against OSCC cells. In addition, whole
transcriptome analysis and Ingenuity Pathways Analysis (IPA)
data suggested that Elental® may help in the proliferation and
survival of HOK through the induction of ERK. Moreover,
Elental® added stress to HSC2 cells through the induction of
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the endoplasmic reticulum stress response marker, BiP and
GRP 94. The results showed that Elental® may add stress to
HSC2 cells and provide growth stimulation to HOK. These
findings suggest that the effects of Elental® on healthy oral
cells and oral cancer cells may differ.

Introduction

Oral mucositis is one of the typical treatment-limiting side
effects of chemotherapy or chemoradiotherapy in patients with
cancer. The condition is characterized by inflammation, ulcer-
ation, lesioning, and bleeding of oral mucosa (1). Oral mucositis
can cause several problems, including acute oral pain, difficulty
in swallowing, reduced nutritional intake, and malnutrition, all
of which can significantly affect the oral hygiene and quality
of life of patients (2,3). Severe oral mucositis can be a costly
and dose-limiting side effect of intensive treatment for cancer,
which may lead to the discontinuation of cancer therapy and
limit the completion of treatment, thereby adversely affecting
the prognosis and survival rates of patients (1,4-6). There
may be several factors responsible for the onset and increase
of oral mucositis in patients with cancer who are receiving
chemotherapy or chemoradiotherapy. However, the detailed
mechanisms and the complex pathobiology underlying oral
mucositis are not yet fully understood.

Chemotherapeutic agents, including 5-fluorouracil (5-FU),
can damage the mouth epithelium, which is a key factor in
the development of mucositis. Sometimes, the basal cell
layers of epithelia are most affected, leading to the loss of
epithelial renewal capacity, which may result in ulceration.
Chemotherapeutic agents can also harm rapidly dividing,
immature keratinocytes and stem cells (1,7-9). There are
various treatments available for chemotherapy-induced oral
mucositis, which can reduce the frequency and severity of the
disease. However, most of these treatments are only partially
effective against established lesions and do not prevent the
development of new lesions. Therefore, the efficacy of these
treatments is limited (6,10-18).

Elental® (EA Pharma Co., Ltd.) is an elemental diet (ED)
that includes a high proportion of L-glutamine and has been
used in Japan as a treatment for patients who are malnourished.
Elental® is cost-effective, clinically safe, and easily digestible.
It contains a mixture of amino acids, carbohydrates, vitamins,
minerals, and a small amount of fat (19,20). Elental® has been
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successfully used in the treatment of Crohn's disease (21-24),
as well as in the management of chemotherapy-induced
mucositis in patients with cancer (25,26). Previous clinical
studies revealed the efficacy of Elental® for the treatment
of chemotherapy-induced oral mucositis in patients with
oral cancer (27,28). In addition, Elental® may accelerate the
healing process of 5-FU-induced oral mucositis and dermatitis
by promoting the production of fibroblast growth factor and
by suppressing the expression of pro-inflammatory cytokines
(TNF-a, IL-1p and IL-6) via the suppression of NF-xB in
keratinocytes (29,30). However, the exact mechanism of its
action remains unknown.

It is assumed that any nutritional supplement taken by
patients with oral cancer might not only provide an extra
source of nutrition for healthy (non-cancerous) cells but also
for cancer cells, which could promote the development of
cancer (31,32). Therefore, it is essential to clarify whether the
beneficial effect of an ED is sufficient to negate its possible
harmful effects in patients with oral cancer who are suffering
from mucositis or dermatitis.

In the present study, the effects of Elental® were compared
between human oral keratinocytes (HOK) and human oral
squamous cell carcinoma (OSCC) cell lines and the effective-
ness of Elental® in the treatment of malnourished or damaged
cells was investigated. In addition, the mechanism of action
of Elental® was analyzed in different cell types, specifically
healthy HOK and OSCC cell lines.

Materials and methods

Cell lines and cell culture. Human oral keratinocyte
cell line, HOK, was purchased from ScienCell Research
Laboratories, and cells of the human OSCC cell lines,
HSC2, HSC3 and HSC4 were purchased from Cell Bank,
Riken BioResource Center. HOK cells were cultured in
Oral Keratinocyte Medium-New Zealand Origin BPE
medium (OKM-NZ, cat. no. 2611-NZ), containing OKM
basal medium supplemented with 1% oral keratinocyte
growth supplement, New Zealand Origin BPE (OKGS-NZ,
cat. no. 2652NZ) and 1% penicillin/streptomycin solution
(cat. no. 0503), referred to hereafter as complete medium
for HOK. HSC2, HSC3 and HSC4 cells were cultured in
Dulbecco's modified Eagle's medium (D-MEM)/Ham's
F-12 (Sigma-Aldrich) supplemented with 10% fetal bovine
serum (FBS) and 100 pug/ml streptomycin/100 U/ml peni-
cillin (Thermo Fisher Scientific), which will be referred
to as complete medium for OSCC cells. All the cells
were cultured and maintained in a humidified atmosphere
containing 5% CO,at 37°C.

Cell proliferation assay. Cells (5x10° cells per well) were
seeded in 96-well plates (Becton-Dickinson Labware) in
OKM-NZ basal medium with 1% OKGS-NZ (complete
medium for HOK) or D-MEM/Ham's F-12 medium with
10% FBS (complete medium for HSC2 cells). The next
day, for HOK cells, the above medium was replaced with
OKM basal medium containing 0% OKGS-NZ growth
supplement (low nutrition medium), OKM basal medium
with 1% OKGS-NZ growth supplement (complete medium),
or OKM basal medium containing 1% OKGS-NZ and
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5-FU (final concentration 2 pg/ml). Similarly, for OSCC
cells, the medium was replaced with D-MEM/Ham's F-12
medium with 0% or 1% FBS (low nutrition medium), or
D-MEM/Ham's F-12 with 10% FBS plus 5-FU (2 ug/ml).
After 24 h, the cells were treated with different concentra-
tions of Elental® (0, 0.1, 0.5, 1, 5, 10, 50 and 100 pg/ml),
which was dissolved in OKM basal medium containing
0% OKGS-NZ (low nutrition medium) or 1% OKGS-NZ
(complete medium), or D-MEM/Ham's F-12 medium with
0% or 1% FBS (low nutrition medium). After 24 h, 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT, 25 ul/well) was added to the 96-well plates and incu-
bated for 4 h at 37°C. Next, the culture medium containing
MTT was removed and replaced with dimethyl sulfoxide
(100 ul/well), and the absorbance was measured using
a spectrophotometer (BioRad Laboratories) at 490 nm.
Growth stimulating effects were compared among the treat-
ment groups. All assays were run in triplicate.

Another protocol for MTT was used to determine the
effect of Elental® sequential treatment with anticancer agents
on OSCC cell proliferation. Cells (5x10° cells per well) were
seeded in 96-well plates (Becton-Dickinson Labware) in
D-MEM/Ham's F-12 supplemented with 10% FBS. After
24 h, the cells were subjected to single or sequential treat-
ments with Elental® (5.0 pg/ml), 5-FU (1.0 ug/ml) and/or DOC
(docetaxel; 1.0 ng/ml). In case of untreated controls, the cells
were cultured in D-MEM/Ham's F-12 supplemented with
10% FBS for 48 h without any treatment. In case of single
treatments, the cells were cultured without any treatment; i.e.,
no treatment (trt.) for 24 h followed by Elental® (No trt.— Ele),
or 5-FU (No trt.— 5-FU), or DOC (No trt.— DOC) for 24 h.
In case of sequential treatments, the cells were treated with
Elental® for 24 h followed by 5-FU for 24 h (Ele — 5-FU),
Elental® for 24 h followed by DOC for 24 h (Ele — 5-FU),
5-FU for 24 h followed by Elental® for 24 h (5-FU— Ele),
or DOC for 24 h followed by Elental® for 24 h (DOC— Ele).
D-MEM/Ham's F-12 supplemented with 10% FBS was used
with 5-FU or DOC; and D-MEM/Ham's F-12 supplemented
with 0% FBS was used with Elental® Then, MTT was added
followed by DMSO, and the absorbance was measured using
the same procedure described above. All assays were run in
triplicate.

Cell migration assay. Cell migration assays were performed
using a Boyden chamber, according to the manufacturer's
instructions (Neuro Probe). Briefly, 25 yl OKM basal medium
(containing 0 or 1% OKGS-NZ) or D-MEM/Ham's F-12 (with
0 or 10% FBS) plus different concentrations of Elental® (0,
0.1,0.5, 1, 5, 10, 50 and 100 pg/ml) was added to the lower
chamber as a chemoattractant. Next, 50 x1 OKM basal medium
with 0% OKGS-NZ or D-MEM/Ham's F-12 medium with 0%
FBS containing 5x10° cells was seeded on a gelatin-coated
polycarbonate membrane in the upper chamber. The cells
were incubated for 24 h at 37°C in a 5% CO, atmosphere, then
the membrane was washed with PBS, and the cells on the top
surface were removed using a cotton swab. Cells adhering
to the lower surface were fixed with methanol, stained with
hematoxylin solution, and counted under a microscope in five
predetermined fields (magnification, x200). All assays were
independently repeated at least three times.
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Whole transcriptome analysis. Total RNA was isolated from
samples using an RNeasy Mini Kit (Qiagen). The isolated
RNA was examined with an Agilent 2100 Bioanalyzer
(Agilent) using an RNA 6000 Nano Kit (Agilent), once the
concentrations had been determined using a Qubit (Thermo
Fisher Scientific). The RNA integrity number (RIN) values
were >7 for all samples, indicating that the samples contained
high-quality RNAs. The expression libraries were produced
using an Ion Ampliseq Transcriptome Human Gene Expression
kit (Thermo Fisher Scientific). Total RNAs (70 ng) were
reverse-transcribed to cDNAs and then amplified using the
primer set of the Ion Amplicon Transcriptome Human Gene
Expression Core Panel under the following PCR conditions:
11 cycles of denaturation for 15 sec at 99°C, then annealing
and extension for 16 min at 60°C. Barcodes were inserted
into the amplicons and adaptor sequences were inserted into
both ends using an Ion Barcode Adaptor 17-32 Kit (Thermo
Fisher Scientific). The libraries were amplified by PCR reac-
tions of five cycles of denaturation for 15 sec at 98°C and then
annealing and extension for 1 min at 64°C. The products were
determined using a quantitative PCR method, and the quali-
ties were confirmed with a Bioanalyzer (Agilent). Following
emulsion PCR using the Ion Chef system (Thermo Fisher
Scientific), the sequence reaction was carried out using Ion
Proton with an Ion PI Hi-Q Chef Kit and an Ion PI Chip Kit v3
BC (Thermo Fisher Scientific); approximately 93 million reads
and 10.5 gigabases were detected from the reaction. The reads
were trimmed and mapped with Torrent Suit (Thermo Fisher
Scientific) using hgl9 AmpliSeq Transcriptome ERCCvl as
the reference sequences. The mapping ratio was >99.7%, and
the read count in each sample was >10 million.

Ingenuity network analysis. The gene sets significantly
increased or decreased by co-relation analysis using
Prism8 were subjected to a network analysis using Ingenuity
Pathways Analysis software (IPA version 8.6; Qiagen). IPA
indicates molecular and cellular functions and canonical
pathways on the basis of data from millions of molecular
interactions reported in the literature; this software is updated
weekly. IPA uses Fisher's exact test to determine whether the
input genes are significantly related to pathways by comparison
with the entire ingenuity knowledge base.

Western blotting. Cells (2.0x10° cells in a 100-mm dish)
were treated with different concentrations of Elental® (0,
0.1,0.5, 1, 5, 10, 50 and 100 pg/ml) dissolved in OKM basal
medium containing 0% OKGS-NZ or D-MEM/Ham's F-12
medium with 0% FBS. For time-dependent experiments, the
same number of cells were treated with 5 ug/ml Elental®
dissolved in OKM basal medium containing 0% OKGS-NZ
or D-MEM/Ham's F-12 medium with 0% FBS for 0, 12,
24, 36, 48 or 60 h. The cells were lysed with RIPA (radio-
immunoprecipitation) buffer (Thermo Fisher Scientific).
Whole-cell lysates were subjected to electrophoresis on 10%
SDS-polyacrylamide gels (Thermo Fisher Scientific) and then
transferred to a PVDF membrane (Thermo Fisher Scientific).
After blocking, the membranes were incubated at 4°C over-
night with anti-ERK rabbit polyclonal antibody (dilution
1:500, cat. no. 4695; Cell Signaling Technology), anti-p-ERK
rabbit polyclonal antibody (dilution 1:250, cat. no. 9101;
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Cell Signaling Technology), anti-BiP mouse monoclonal
antibody (dilution 1:500, cat. no. 66574-1-Ig; Proteintech
Group, Inc.), anti-GRP94 rabbit polyclonal antibody (dilu-
tion 1:250, cat. no. 20292; Cell Signaling Technology, Inc.),
or anti-a-tubulin mouse monoclonal antibody (dilution
1:500, cat. no. sc-5286; Santa Cruz Biotechnology, Inc.).
Then the membranes were washed with a buffer and incu-
bated with Novex® alkaline-phosphatase conjugated (goat)
anti-rabbit immunoglobulin G (IgG) secondary antibody
(no dilution, cat. no. WB20007; Thermo Fisher Scientific)
or (goat) anti-mouse IgG secondary antibody (no dilution,
cat. no. WB20006; Thermo Fisher Scientific). The antibodies
were detected using a chromogenic immunodetection system,
WesternBreeze (Thermo Fisher Scientific), according to the
manufacturer's instructions. Quantification of protein bands
was performed using ImageJ v1.51h software available at
http://rsb.info.nih.gov/ij/. The fold change of expression of
each protein of interest was calculated relative to the internal
control and expressed as a percentage.

TUNEL (terminal deoxynucleotidyl transferase (Tdt)-mediated
nick end labeling) assay. To detect apoptotic cells, a TUNEL
assay was performed by labeling 3'-OH DNA ends generated
by DNA fragmentation. Cells (5x10° cells per well) were seeded
on chamber slides (Iwaki & Co., Ltd.) in D-MEM/Ham's F-12
containing 10% FBS. After incubation at 37°C for 24 h, the
cells were subjected to single or sequential treatments with
Elental® (5.0 ug/ml), 5-FU (1.0 ug/ml) and/or DOC (docetaxel;
1.0 ng/ml). In case of untreated controls, the cells were
cultured in D-MEM/Ham's F-12 supplemented with 10% FBS
for 48 h without any treatment. In case of single treatments,
the cells were cultured without any treatment for 24 h followed
by Elental® (No trt— Ele), or 5-FU (No trt— 5-FU), or DOC
(No trt.— DOC) for 24 h. In case of sequential treatments, cells
were treated with Elental® for 24 h followed by 5-FU for 24 h
(Ele— 5-FU) or DOC for 24 h (Ele— 5-FU), 5-FU for 24 h
followed by Elental® for 24 h (5-FU— Ele), or DOC for 24 h
followed by Elental® for 24 h (DOC— Ele). D-MEM/Ham's
F-12 supplemented with 10% FBS was used with 5-FU or
DOC; and D-MEM/Ham's F-12 supplemented with 0% FBS
was used with Elental®.

The treated cells were washed twice with phosphate-buff-
ered saline (PBS), air dried, and fixed in 4% paraformaldehyde
at room temperature for 30 min. The TUNEL assay was
performed using a DeadEnd™ Colorimetric TUNEL System
according to the manufacturer's instructions (Promega
Corporation). Briefly, the cells on the cover glass were
immersed in 0.2% Triton® X-100 in PBS for 5 min. After
being washed with PBS, the cells were incubated with equili-
bration buffer (0.05 M phosphate buffer containing 0.145 M
sodium chloride, pH 7.4) and then Tdt enzyme in a humidified
chamber at 37°C for 90 min. The cells were subsequently put
into pre-warmed working strength stop wash buffer for 15 min.
After being rinsed in PBS, the cells were incubated with
antidigoxigenin-peroxidase conjugate for 30 min. Peroxidase
activity in each cell was demonstrated by the application of
3,3'-diaminobenzidine. The number of TUNEL-positive cells
(apoptotic cells) was counted under a microscope in three
random fields, and the result was expressed as a percentage of
TUNEL-positive cells.
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Figure 1. Effect of Elental® on cell morphology. (A) Untreated HOK and Elental®-treated HOKs showed a similar round morphology. (B) The morphology of
Elental®-treated HSC2 cells was slightly different from untreated HSC2 cells. Elental® did not markedly affect the morphology of HOK or HSC2 cells.

Statistical analysis. Data were expressed as means + SD. The
significance of the experimental results was determined using
one-way analysis of variance (ANOVA) and Tukey-Kramer
multiple comparison tests. The significance of the TUNEL
assay data was determined by Mann-Whitney U test. The
differences were considered statistically significant when
P<0.05. The datasets measured by whole transcriptome
analysis were normalized by each transcripts per million (TPM)
in GAPDH and were analyzed using a correlation assay and
principal component analysis.

Results

Effect of Elental® on cell morphology. We did not observe
any differences between the morphology of untreated HOK
and Elental®-treated HOK. As shown in Fig. 1A, the majority
of cells in the two groups exhibited the same round shape.
There was a slight difference between the morphology of
untreated HSC2 and Elental®-treated HSC2 cells. Briefly,
Elental® treatment increased granular vesicles in cytoplasm
slightly (Fig. 1B). Essentially, however, Elental® had almost no
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Figure 2. Effect of Elental® on cell proliferation. (A) Experimental methodology of the MTT assay. Twenty-four hours after cell seeding, HOK were cultured
in OKM basal medium containing 0% OKGS-NZ (low nutrition medium) or 1% OKGS-NZ growth supplement (complete medium), or 1% OKGS-NZ and
2 ug/ml 5-FU; HSC2 cells were cultured in D-MEM/Ham's F-12 medium with 0% or 1% FBS (low nutrition medium), or D-MEM/Ham's F-12 with 10%
FBS plus 5-FU (2 ug/ml). Then, both 5-FU-treated and -untreated HOK cells were cultured in OKM basal medium containing 0% OKGS-NZ (low nutrition
medium) or 1% OKGS-NZ growth supplement (complete medium) plus different concentrations of Elental® (0, 0.1, 0.5, 1, 5, 10, 50 and 100 pg/ml). Similarly,
5-FU-treated and -untreated OSCC cells were cultured in D-MEM/Ham's F-12 medium with 0% or 1% FBS (low nutrition medium). After 24 h, the prolifera-
tion ability of the cells was evaluated by an MTT assay. (B) Elental® exerted a growth-stimulating effect on HOK even under poor nutritional conditions (OKM
basal medium containing 0% OKGS-NZ) or in damaged HOK (5-FU-treated HOK). (C) Elental® improved the growth ability in malnourished HSC2 cells
under poor nutritional conditions (D-MEM/Ham's F-12 medium with 0% or 1% FBS), but did not affect the growth ability of 5-FU-damaged HSC2 cells.
(D and E) Elental® (1-100 yug/ml) improved the growth rate of HSC3 and HSC4 in poor nutritional condition, and only D-MEM/Ham's F-12 medium with 1%
FBS Elental® (10-100 pg/ml) could increase the growth rate of 5-FU-treated HSC3 and HSC4, but medium with 0% FBS could not. “P<0.05 when compared
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with the control (one-way analysis of variance and Tukey-Kramer multiple comparisons tests). 5-FU, 5-fluorouracil.
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Figure 3. Effect of Elental® on cell migration. (A) Elental® stimulated the ability of HOKs to migrate, regardless of the nutritional conditions. (B) Elental®
also improved the ability of HSC2 cells to migrate. However, a low concentration of Elental® could not improve the ability of HSC2 cells to migrate in either
nutritional condition. (C) The migration activity of Elental® (1.0-100 pg/ml)-treated HSC3 cells was significantly higher than untreated cells, both in poor
nutritional conditions (medium with 0% FBS) and substantial nutrient conditions (medium with 10% FBS). (D) Elental® (5.0-100 ug/ml)-treated HSC3 cells
showed higher migration ability than untreated cells regardless of the nutritional conditions. “P<0.05 when compared to that of control (0 yg/ml).

effect on the morphology of HOK or HSC2 cells. Similarly,
the morphology of HSC3 and HSC4 cells remained almost
unchanged after Elental® treatment (data not shown).

Elental® affects the cell proliferation ability of HOKs
differently to that of OSCC cell lines. MTT assays were used
to measure the growth rate of Elental®-treated and untreated
HOKSs or OSCC cell lines (HSC2, HSC3 and HSC4). Fig. 2A
summarizes the experimental methodology used for the
MTT assay. Briefly, healthy cells or 5-FU-damaged cells
were treated with Elental® dissolved in low-nutrition culture
medium (OKM basal medium containing 0% OKGS-NZ,
or D-MEM/Ham's F-12 with O or 1% FBS medium) or in
complete medium (OKM basal medium containing 1%
OKGS-NZ).

Both in nutritionally poor conditions (medium with 0%
OKGS-NZ growth supplement) and substantial nutrient
conditions (complete medium with 1% OKGS-NZ), the
growth rate of Elental® (0.1-100 pg/ml)-treated HOK was
significantly higher than that of untreated HOK. In addition,
Elental® (5-100 pug/ml) could stimulate the proliferation
of 5-FU (2 ug/ml)-pretreated HOK even under poor nutri-
tional conditions (medium with 0% OKGS-NZ). Elental®
improves cell growth ability in malnourished or damaged
HOK (Fig. 2B).

In the case of HSC2 cells, the growth rate of Elental®
(5-100 pg/ml)-treated HSC2 cells was higher than that of
untreated HSC2 cells after 48 h in poor nutritional conditions

(medium with O or 1% FBS). However, Elental® (0.1-100 pzg/ml)
did not significantly affect the rate of proliferation of 5-FU
(2 pg/ml)-pretreated damaged HSC2 cells in poor nutrition
conditions. In short, Elental® improved the growth ability of
malnourished HSC2 cells, but did not affect growth ability in
damaged HSC?2 cells (Fig. 2C). On the other hand, the growth
rates of Elental® (1-100 pug/ml)-treated HSC3 and HSC4 were
higher than that of untreated HSC3 and HSC4 at 48 h in poor
nutritional condition (medium with 0-1% FBS). In addition,
Elental® (10-100 pg/ml) could increase the growth rate of
5-FU (2 pg/ml)-pretreated HSC3 and HSC4 only in medium
with 1% FBS (poor nutritional condition), whereas the medium
with 0% FBS could not. In short, a high dosage of Elental®
significantly improved cell growth ability in malnourished
or damaged HSC3 and HSC4; however, the proliferation rate
was still low compared to HOK cells in poor nutritional condi-
tion (Fig. 2D and E).

Elental® has different effects on the ability of HOK and OSCC
cell lines to migrate. The migration activity of Elental®-treated
HOK and OSCC cells was measured using a Boyden chamber.
Fig. 3A shows that Elental® (0.1-100 pg/ml)-treated HOK had
a significantly higher migration ability compared with that of
untreated HOK, regardless of the nutritional conditions, with
a concentration of 5 ug/ml Elental® showing the most notice-
able effect on migration. In the case of HSC2 and HSC4, the
migration activity of Elental® (5.0-100 ug/ml)-treated cells was
significantly higher compared with that of untreated HSC2
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(A) A pathway via the integrin-mediated activation of ERK was detected in the first pathway of comparison between Elental® 12 h-treated HOK and untreated

HOK (0 h). IPA, Ingenuity Pathways Analysis; HOK, human oral keratinocyte.

or HSC4 cells, both in poor nutritional conditions (medium
with 0% FBS) and substantial nutrient conditions (complete
medium with 10% FBS) (Fig. 3B and D). Similar results were
observed in the case of Elental® (1.0-100 pg/ml)-treated HSC3
cells, both in poor nutritional and substantial nutrient condi-
tions (Fig. 3C). Briefly, Elental® improved the migration ability
of HOK and OSCC cell lines, although low concentrations of
Elental® (0.1-0.5 ug/ml) did not improve the migration ability
of OSCC cell lines, regardless of the nutritional condition.

Mechanism of action of Elental® in HOK and HSC2 cells.
Our cell proliferation and migration assay results showed that
Elental® affected the growth and migration ability of HOK

more effectively than that of OSCC cell lines, particularly
HSC2 cells. To clarify the reasons behind this difference in the
action of Elental® in HOK and HSC?2 cells, we examined the
mechanism of action of Elental® in these two cell types. Whole
transcriptome analysis was performed followed by network
analysis (IPA) using differentially expressed genes identified
between Elental® (5 ug/ml)-treated cells and untreated cells.
We supplied the results of Heatmap and Whole transcriptome
analysis as supplement data (Fig. S1). An interesting pathway
was found in the first pathway of comparison between Elental®
HOK treated for 12 h and untreated HOK (0 h), i.e., a pathway
via the integrin-mediated activation of ERK (Fig. 4A). In addi-
tion, ERK may be one of the genes of focus as detected from
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IPA, Ingenuity Pathways Analysis; HOK, human oral keratinocyte.

the first network analysis comparing HOK treated for 12 h
with Elental® and untreated HOK (Fig. 4B). An interesting
pathway was also found in the first pathway of comparison
between HSC2 cells treated for 12 h with Elental® and
untreated HSC2 cells. This pathway showed the possibility of
activation of endoplasmic reticulum response marker genes,
including BiP and GRP94, which may lead to the induction
of apoptosis (Fig. 4C). The activation of HSP, as well as BiP,
GRP94 and other genes, was also found further downstream,
which suggests that Elental® treatment could be involved in
the induction of apoptosis by adding a great deal of stress
to HSC2 cells (Fig. 4C). Furthermore, Akt and HSP may be
genes of focus as indicated from the first network analysis data
when comparing HSC2 cells treated for 12 h with Elental® and
untreated HSC2 cells. This suggests that Elental® treatment
may not only cause stress but also partially activate survival
signals (Fig. 4D).

Expression of ERK in Elental®-treated cells. To confirm the
results of whole transcriptome analysis and IPA, we examined
the expression of ERK in HOK and HSC2 cells using western
blot analysis. Fig. 5 shows that Elental® (50-100 pg/ml)
enhanced the expression of p-ERK in HOK compared with its
expression in untreated HOK. On the other hand, we could only
detect faint bands of p-ERK in Elental® (1.0-5.0 pg/ml)-treated
HSC2 cells. Although the p-ERK expression was a bit higher
in treated cells than in untreated HSC2 cells, the expression
level of p-ERK/ERK in HSC2 was low compared with its
expression level in HOK (Fig. 5). Briefly, Elental® induced
p-ERK expression in HOK, but not in HSC2 cells.

Expression of BiP and GRP94 in Elental®-treated cells.
Western blot analysis was used to examine the expression
of BiP and glucose-regulated protein 94 (GRP94) in HSC2
cells and further check the results of the whole transcriptome
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IPA, Ingenuity Pathways Analysis; HOK, human oral keratinocyte.

analysis and TPA. Fig. 6A shows that Elental® (1.0-100 pg/ml)
enhanced the expression of BiP in HSC2 cells after 24 h of
treatment than in untreated cells. Elental® (1.0-100 pg/ml) also
induced BiP expression in HSC3 and HSC4 (Fig. 6B and C).
Additionally, Elental® (5.0 ug/ml) enhanced the expression
of BiP in treated cells after 12=60 h of treatment compared
with its expression in untreated cells. Therefore, Elental® could
induce BiP expression in OSCC cells.

On the other hand, 24 h treatment of Elental®
(5.0-100 pg/ml) increased the expression of GRP94 in HSC2

cells than in untreated cells; whereas 12-24 h of treatment
with Elental® (5.0 pg/ml) enhanced the expression of GRP94
in treated cells. Briefly, 12-24 h of Elental® treatment could
induce GRP94 expression in HSC2 cells; whereas treatment
>24 h could not (Fig. 7).

Sequential treatment effects of Elental® and anticancer
agents on OSCC cell proliferation and apoptosis in vitro.
We aimed to determine whether Elental® pre-treatment can
enhance the growth-limiting and apoptosis-inducing ability of
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Figure 5. Expression of ERK in Elental®-treated cells. Western blot analysis
revealed that Elental® enhanced the expression of p-ERK in treated HOK
compared with its expression in untreated HOK. However, bands in Elental®
(1.0-5.0 ug/ml)-treated HSC2 cells were faint. Although the expression in
treated cells was a bit higher than in untreated HSC2 cells, the expression level
of p-ERK/ERK in HSC2 was low compared with its expression level in HOK.

widely used anticancer agents or not. The growth inhibitory
effect of Elental® sequential treatment with 5-FU or DOC on
HSC2, HSC3 and HSC4 cells was analyzed by MTT assay.
Fig. 8A summarizes the experimental methodology used for
the MTT assay. As shown in Fig. 8B-D, Elental® (5.0 ug/ml)
pre-treatment for 24 h followed by 5-FU (Elental®— 5-FU)
or DOC (Elental®— DOC) for 24 h slightly inhibited cell
growth in all three cells than in 5-FU (No trt.— 5-FU) or
DOC (No trt.— DOC) alone; however, we could not find
any significance. Elental® pre-treatment did not significantly
increase the growth inhibitory effect of 5-FU or DOC in
HSC2, HSC3 and HSC4 cells.

Therefore, we assumed that sequential or pre-treatment of
Elental® may increase apoptosis-inducing ability of anticancer
agents, and we performed TUNEL assay to detect DNA frag-
mentation and chromatin condensation in treated cells using
the same experimental protocol described in Fig. 8A. As shown
in Fig. 9A and B, Elental® pre-treatment significantly enhanced
the apoptosis-inducing ability of 5-FU (Elental®— 5-FU)
or DOC (Elental®>— DOC) in HSC2 and HSC3 cells. In the
case of HSC4 cells (Fig. 9C), Elental® pre-treatment could
significantly increase apoptosis-inducing ability of 5-FU
(Elental®— 5-FU), but not DOC (Elental®— DOC). The
highest number of apoptotic cell were observed in the case
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Figure 6. Expression of BiP in Elental®-treated OSCC cells. Western blot
analysis revealed that Elental® (1.0-100 yg/ml) treatment enhanced the
expression of BiP in OSCC cell lines compared with its expression in
untreated OSCC cells. It also showed that BiP expression was enhanced
in Elental® (5.0 ug/ml, 12-60 h)-treated OSCC cell lines compared with its
expression in untreated cells. In summary, Elental® could induce BiP expres-
sion in all OSCC cell lines: (A) HSC2, (B) HSC3 and (C) HSC4.
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Figure 7. Expression of BiP in Elental®-treated HSC2 cells. Western blot
analysis revealed that Elental® (5.0-100 pg/ml) enhanced the expression of
GRP 94 in treated HSC2 cells compared to untreated HSC2 cells. Elental®
(5.0 ug/ml) enhanced the expression of GRP 94 in HSC2 cells after 12-24 h
of treatment.

of Elental® (5.0 ug/ml) sequential treatment for 24 h followed
by 5-FU (1.0 ug/ml) for 24 h (Elental®— 5-FU) on the three
types of cells. Briefly, pre-treatment of Elental® may prompt
apoptosis by anticancer agents.

Discussion

Elental® is used in Japan as a treatment for patients who are
malnourished, or who have inflammatory bowel disease.
Elental® has been shown to be useful in the management of
chemotherapy-induced mucositis in patients with various
types of cancer (7-9,23-29,33). We have also reported that
Elental® reduced chemotherapy-induced oral mucositis and
dermatitis in patients with OSCC (25,26). Therefore, we
should consider more extensive use of Elental® for patients
with cancer in the future. However, although, to the best of
our knowledge, there have been no reports about the possible
harmful effects of nutritional supplements or ED intake in
cancer patients, we cannot exclude the possibility that an ED
could act as an extra source of nutrition for cancer cells, which
might facilitate cancer progression. Therefore, it is important
to weigh the beneficial effects of Elental® against any possible
harmful effects.

In the present study, we aimed to examine the efficacy of
Elental® administration during treatment for oral cancer by
comparing the action of Elental® in HOK and HSC2 cells.
The aim also was to clarify whether Elental® works differ-
ently on healthy oral cells compared with its action on oral
cancer cells. We observed that Elental® promoted growth
and migration of malnourished and 5-FU-treated damaged
HOK but did not significantly affect the proliferation of
5-FU-treated damaged HSC2 cells. On the other hand, a
high dosage of Elental® (10 ug/ml) could increase the growth
rate of 5-FU-treated HSC3 and HSC4 even in some poor
nutritional condition (1% FBS); however, the proliferation
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Figure 8. Sequential treatment effects of Elental® and anticancer agents on OSCC cell proliferation in vitro. Inhibition of cell growth was evaluated by MTT
assay. (A) Experimental methodology of the MTT assay. Twenty-four hours after cell seeding, the cells were subjected to single or sequential treatments with
Elental® (5.0 ug/ml), 5-FU (1.0 ug/ml) and/or DOC (docetaxel; 1.0 ng/ml). Untreated control cells were cultured for 48 h without any treatment. In case of
single treatments, the cells were without any treatment for 24 h followed by Elental® (No trt.— Ele), or 5-FU (No trt.— 5-FU), or DOC (No trt.— DOC) treat-
ment for 24 h. In case of sequential treatments, the cells were treated with Elental® for 24 h followed by 5-FU for 24 h (Ele — 5-FU) or DOC for 24 h (Ele —
DOC), 5-FU for 24 h followed by Elental® for 24 h (5-FU — Ele), or DOC for 24 h followed by Elental® for 24 h (DOC — Ele). (B-D) Elental® pre-treatment
for 24 h followed by 5-FU (Elental® — 5-FU) or DOC (Elental® — DOC) for 24 h could slightly inhibit cell growth in OSCC cell lines compared to 5-FU
(No trt.— 5-FU) or DOC (No trt.— DOC) alone; however Elental® pre-treatment did not significantly increase the growth inhibitory effect of these anticancer
agents against (B) HSC2, (C) HSC3 and (D) HSC4. Ele, Elental®; 5-FU, 5-fluorouracil; DOC, docetaxel; No trt., no treatment.

rate was still low compared to HOK cells in poor nutritional
condition (0 or 1% FBS). HOK and HSC2 were used for whole
transcriptome analysis and IPA analysis, as Elental® affects
the proliferation rate of the two cells differently. Extensive
gene analysis using whole transcriptome analysis followed by
IPA resulted in noteworthy data (Fig. 4A-D). Briefly, Elental®
may play a role in the growth and survival of HOK through
the integrin-mediated activation of ERK and may induce heat
shock protein via endoplasmic reticulum stress in HSC2 cells.
Crucially, under certain conditions Elental® may stress cancer
cells and stimulate the growth of healthy cells. This finding
could be important for patients with cancer, as it indicates
that Elental® may not exert any harmful effects on healthy
cells. We showed that Elental® enhanced the expression of
p-ERK in HOK but not so in HSC2 cells, the expression
level of p-ERK/ERK in HSC2 was low compared with its
expression level in HOK (Fig. 5). Western blot analysis data
also revealed that Elental® enhanced the expression of BiP in

HSC2 cells compared with its expression in untreated cells
(Fig. 6A). Almost identical results were observed in the case
of HSC3 and HSC4 (Fig. 6B and C). From our findings, we
can conclude that Elental® may accelerate wound healing and
reduce oral mucositis via the integrin-mediated activation of
ERK, without promoting cancer progression.

GRP94 expression was analyzed in HSC2 because it is
another stress-related protein and is also involved in cellular
protein metabolic process. We observed that, Elental®
increased the expression of GRP94 in HSC2 cells; whereas
12-24 h of treatment with Elental® (5.0 ug/ml) showed the
best results (Fig. 7). Moreover, Elental® pre-treatment could
enhance the apoptosis-inducing ability of 5-FU against OSCC
cell lines, although they could not exert significant growth
inhibitory effects on OSCC cell lines compared to 5-FU
alone (Figs. 8 and 9). Our results indicate that Elental® may
add stress to HSC2 and other OSCC cells, but could provide
growth stimulation to HOK.
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Figure 9. Sequential treatment effects of Elental® and anticancer agents on
OSCC cell apoptosis in vitro. The experimental protocol of TUNEL was
the same as the MTT assay protocol shown in Fig. 8A. (A and B) Elental®
pre-treatment for 24 h followed by 5-FU (Elental®— 5-FU) or DOC
(Elental®— DOC) significantly increased the apoptotic-inducing ability
of 5-FU or DOC in (A) HSC2 and (B) HSC3 cells compared to 5-FU
(No trt— 5-FU) or DOC (No trt.— DOC) alone. (C) Elental® significantly
increased the rate of apoptosis of 5-FU (Elental® — 5-FU) in HSC4 compared
to 5-FU (No trt.— 5-FU) alone. Error bars represent the standard devia-
tion of the mean of TUNEL positive cells in three random fields. "P<0.01
when compared to that of 5-FU alone; “P<0.05 when compared to that of
DOC alone (Mann-Whitney's U test). Ele, Elental®; 5-FU, 5-fluorouracil;
DOC, docetaxel; No trt., no treatment.
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It has been reported that the administration of additional
nutrition during perioperative periods in patients with cancer
could help with the maintenance of general health and
enhance wound healing (33). According to the guidelines of
the American Society for Parenteral and Enteral Nutrition
(ASPEN), early enteral feeding is strongly recommended
(advisability A) following surgery for digestive organ
cancer (34). However, until now there has been no useful
and decisive nutrition administration strategy available for
patients with cancer. Currently, we have to develop nutritional
supplement administration strategies based on the state of the
disease in individual cancer patients, after carefully evalu-
ating any potential beneficial or harmful effects on cancer
treatment. Our findings suggest a solution to this problem
through the use of an effective nutritional supplement that
has no adverse side effects for patients with cancer. Amino
acid-based dietary formulations such as Elental® may be able
to exert an incredible healing effect on oral mucositis and
dermatitis in patients with oral cancer, although this effect
may vary depending on the amino-acid formulation of each
particular ED. Further investigations into Elental® and other
amino-acid formulations may be necessary to clarify their
usefulness in the treatment of oral cancer. Moreover, in this
study, the cells were directly exposed to different concen-
trations of Elental®. However, whether there is any positive
correlation between in vivo absorption levels of ingredients
and in vitro dissolution level of Elental® remains to be deter-
mined and further investigation to clarify this point in the
future should be conducted.
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