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Abstract This study aimed to investigate the immunomodulatory function of Pyropia yezoensis
hydrothermal (water) extract (PYWE) in comparison to the group treated only with lip-
opolysaccharides (LPS) in RAW264.7 cells. LPS is known to be an inflammatory mediator that
activates macrophages, leading to the secretion of nitric oxide (NO), inducible nitric oxide synthase
(INOS), tumor necrosis factor-a (TNF-a), and interleukin-6 (IL-6) as defense responses. Through
enzyme-linked immunoassay and western blot analyses, it was observed that PYWE increased
the expression levels of NO, iNOS, TNF-a, and IL-6 in RAW264.7 cells in a dose-dependent
manner, although to a lesser extent compared with the group treated with LPS alone. In addition,
the study examined the mitogen-activated protein kinases (MAPKs) pathway, which regulates vari-
ous cellular activities, including gene expression, mitosis, cell differentiation, transformation, sur-
vival, and death. The western blot analysis confirmed that PYWE also regulated the MAPKs
pathway. Furthermore, the expression levels of immunomodulatory-related factors increased in
the group treated with PYWE compared with the control group. Even though the effects of PYWE
were usually less strong than those of LPS, the effects of PYWE increased with increasing doses
compared to the control group. This suggests that PYWE could be used to control the immune

system.
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Fig. 1. Cell viability of PYWE on RAW264.7 cells.
RAW264.7 cells were treated with PYWE (0.125, 0.25, 0.5,
1 mg/mL) for 24 h, and cell viability was measured by MTT
assay. RAW264.7 cells were incubated without PYWE as
control group, which were considered 100% survival. Data
are represented as mean + SD of three independent

experiments. N = 3 per group.
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Fig. 2. Effects of PYWE on the expression levels of Nitric
oxide, iNOS, TNF-a, and IL-6 in RAW264.7 cells. RAW264.
7 cells were pre-treated with PYWE (0.125, 0.25, 0.5, 1 mg/m
L) for 24 h, and LPS (0.5 pg/mL) was respectively induced
for inflammatory response for 24 h. (a) NO production was
detected by using the supernatant of cultured medium and
Griess reagents. (b) Protein expression levels of the iNOS,
TNF-a, and IL-6 was examined using Western blot analysis.
a-Tubulin represented as a control. N = 3 per group. Data
are served as mean + SD of three independent experiments.

** p < 0.05, and *** p < 0.005 compared with the Control
group.

Fig. 3. Effects of PYWE on the cytokine expression levels
of TNF-a, and IL-6 in RAW264.7 cells. RAW264.7 cells wer
e pre-treated with PYWE (0.125, 0.25, 0.5, 1 mg/mL) for
(a)
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24 h, and LPS (0.5 pug/mL) was respectively induced for infla
mmatory response for 24 h. (a) TNF-a concentration was dete
cted by ELISA kits using the supernatant of cultured medium.
(b) IL-6 concentration was examined by ELISA kits using
the supernatant of cultured medium. N = 3 per group. Data
are served as mean + SD of three independent experiments.
** p < 0.05, and *** p < 0.005 compared with the Control

group.
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+ W37l ¢l3l, phosphorylation-ERK, phosphor-
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Fig. 4. Effects of PYWE on the protein expression levels
of MAPKs in RAW264.7 cells. RAW264.7 cells were pre-tre
ated with PYWE (0.125, 0.25, 0.5 mg/mL) for 24 h, and
LPS (0.5 pg/mL) was respectively induced for inflammatory
response for 24 h. Protein expression levels of the ERK, p-ER
K, JNK, p-JNK, P38, and p-P38 was measured by Western
blot analysis. (b-d) Quantitative data of (a) were analyzed
using the Imagel] bundled with Java 1.8.0 172 software. N
= 3 per group.
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