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Introduction 

The immune system is a functional system consists of cells and 
molecules that are able to stand against foreign substances and 
responsible for the protection of hosts. Immunomodulation 
either by immune stimulators or suppressors is of great interest 

for a variety of conditions. They modulate the immune response 
and keep the host defended against pathogens or tumors. Fur-
thermore, they potentiate the host and keep it prepared for 
future pathologic threats (Abood et al., 2014; Azam et al., 2019). 
Recently, considerable attention has been focused on natural 
products with immune modulatory effect as an alternative to 
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Abstract
Red sea cucumber Stichopus japonicus is an invertebrate animal inhabiting in coasts of Korea, China, and Japan. They are tra-
ditionally used for food and medicine and well known for their distinctive biologically and pharmacologically important com-
pounds. We investigated the effect of amyloglucosidase (AMG) enzymatic extracts of S. japonicus (AESJ) on the proliferation and 
cytokine secretion of murine splenocytes stimulated with concanavalin A (Con A). AESJ enhanced the proliferation of spleno-
cytes and the production of IL-2 (Th1 cytokine), IL-1β (Th1 promoting cytokine), and IL-4, IL-10 (Th2 type cytokines) when treat-
ed alone. However, under Con A stimulation, AESJ suppressed the proliferation of splenocytes, attenuated the secretion of IL-2, 
IL-4, IL-10, and enhanced IL-1β secretion. These results suggest that AESJ exhibits immunomodulatory effect by moderating the 
proliferation of splenocytes and the secretion of IL-2, IL-1β, IL-4, and IL-10 differently depending on the absence and presence of 
Con A stimulation. These data evidence the immunomodulatory potential of AESJ, which can be further developed into a func-
tional food mediating homeostasis.
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artificial synthetic drugs to avoid resistance or other side effects 
for treating immune disorders (Ortuño-Sahagún et al., 2017).

Red sea cucumber Stichopus japonicus, a marine inverte-
brate inhabiting the benthic and deep sea areas, is famous as 
a food or a medicine around Korea, Russia, China, and Japan 
(Oh et al., 2017; Taiyeb-Ali et al., 2003). S. japonicus’s body wall, 
the main edible part, mainly consists of mucopolysaccharides 
and collagen (Duan et al., 2010). Moreover, it is rich with nat-
ural peptides, sphingosine, saponins, vitamins, 18 amino acids 
and nutritional supplements (Bordbar et al., 2011). The active 
components such as collagen, saponin and polysaccharides are 
reported to be responsible for the exhibited anti-oxidant, an-
ti-cancer, anti-coagulant activities (Khotimchenko, 2018; War-
gasetia & Widodo, 2017). Ethyl acetate fraction of S. japonicus 
was reported to inhibit lipopolysaccharide induced inflammato-
ry responses in murine macrophages by suppressing the MAPK 
pathway, which in turn reduced inducible nitric oxides and 
cyclooxygenase-2 protein expression, and attenuated the secre-
tion of IL-1β and TNF-α (Himaya et al., 2010). It is interesting 
to note that polypeptides in S. japonicus exhibited anti-fatigue 
and immune functions in rats with no obvious effect on body 
weight (Ye et al., 2017). 

Natural products’ efficacy varies heavily depending on its 
extraction method. To select an appropriate extraction method 
puts stark limits on its active components and their biological 
properties (Wijesinghe & Jeon, 2012). For instance, water and 
organic extraction methods have low yields compared with 
enzymatic extraction methods (Heo et al., 2005). Although 
bioactive polysaccharides are massively contained in the marine 
organisms, it is inefficient to extract them using conventional 
chemical and mechanical extraction methods (Wijesinghe & 
Jeon, 2012). Moreover, efficient enzymatic extraction methods 
also increase food safety compared with other methods utilizing 
organic solvents (Azam et al., 2019; Wijesinghe & Jeon, 2012). 
Previously, amyloglucosidase extracts indeed revealed higher 
polysaccharide contents than other digests (Affan et al., 2009). 
But, the understanding of immunological function of amyloglu-
cosidase extracts still remains to be elusive. 

In the present study, we evaluated the immune effect of am-
yloglucosidase extracts of S. japonicus (AESJ). After assessing 
several solvent and enzymatic extracts of S. japonicus for their 
cytotoxicity on murine splenocytes, we selected polysaccharides 
containing AESJ to study their immunological response on the 
basis of Th1/Th2 cytokine profiles. Specifically, we assessed the 
AESJ’s effect on Th1 (IFN-γ, IL-2) and Th2 (IL-4, IL-10) cell 

phenotypes based on their cytokine profiles with and without it 
while stimulating murine splenocytes with a well-known T cell 
mitogen, Con A.

Materials and Methods

Experimental animals
C57BL/6 mice (7–8 weeks) of 20–25 g were housed with NIH-
07 approved diet and water ad libitum in conventional animal 
facilities under standard constant temperature (23 ± 3℃) and 
humidity (50 ± 5%). We performed animal experiment in ac-
cordance with the guidelines for the Care and Use of Laboratory 
Animals of the Institutional Ethical Committee of Jeju National 
University (accreditation No. 2018-0021).

Preparation of splenocyte suspension
Spleens of the mice were removed and passed through a cell 
strainer (40 μm). Cells were treated with ammonium chloride 
for 10 min at room temperature to lyse the red blood cells. Then 
splenocytes were centrifuged at 221×g for 5 min at room tem-
perature. Separated supernatants were washed with Dulbecco’s 
phosphate buffered saline (DPBS), and spleens were suspended 
in an RPMI-1640 medium of 10% fetal bovine serum and 1% 
antibiotics. Viable splenocytes were determined by using trypan 
blue dye, and splenocytes with viability > 90% were used in fur-
ther experiments.

Preparation of AMG enzymatic extract from red sea cucumber
Freeze-dried red sea cucumber was homogenized with a grind-
er to obtain a fine powder. The enzymatic hydrolytic reaction 
was performed by using the method described by Ko et al. 
(2012). Briefly, the powdered 5 g of S. japonicus was homoge-
nized in 250 mL of distilled water mixed with AMG, celluclast, 
viscozyme, alcalase, pepsin, protamax and trypsin enzyme in 
a substrate to enzyme ratio of 100:1 (w/w). The homogenates 
were adjusted to its optimal temperature and pH before enzy-
matic hydrolysis. The enzymatic reaction was performed for 24 
h and then boiled for 10 min at 100℃ to inactivate the enzyme 
reaction. AMG enzymatic hydrolysates were centrifuged at 
142×g for 15 min to remove residues. The supernatants were 
filtered with Whatman No. 4 filter papers (GE Healthcare, 
Buckinghamshire, UK). Then, the supernatants obtained from 
DW extracts of S. japonicus (DESJ), AMG enzymatic extracts of 
S. japonicus (AESJ), celluclast enzymatic extracts of S. japonicus 
(CESJ), viscozyme enzymatic extracts of S. japonicus (VESJ), 
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alcalase enzymatic extracts of S. japonicus (ALESJ), pepsin 
enzymatic extracts of S. japonicus (PESJ), protamax enzymatic 
extracts of S. japonicus (PrESJ), and trypsin enzymatic extracts 
of S. japonicus (TESJ) were freeze-dried individually and stored 
under –20℃ until use.

Cytotoxicity assay
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) assay was used to determine the viability of 
splenocytes. Splenocytes (1 × 105) were cultured in different 
concentrations (0–1,000 μg/mL) of organic solutions of protein 
digest enzymes (viscozymes, protomax, pepsin, trypsin and 
alcalase) or carbohydrate degrading enzymes (amyloglucosi-
dase, celluclast) and concanavalin A (Con A; 5 μg/mL) for 48 
h under 5% CO2 at 37℃. Three replicates were examined for 
each experiment. After 48 h, 15 μL of MTT (5 mg mL/mL) was 
added to each well and kept for 4 h. Created formazan was dis-
solved with 100 μL of solubilization buffer, and the absorbance 
was measured by using Enzyme-Linked Immunosorbent Assay 
(ELISA) plates at 570 and 630 nm.

Cell proliferation assay
To determine the effect of DESJ and AESJ on the proliferation 
of splenocytes, we performed the 3H-thymidine incorporation 
assay. Splenocytes were cultured in 96-well plates with a den-
sity 4 × 105 cells/well, and varying concentrations (0, 3.9, 7.8, 
15.6, 31.3, 62.5, 125, 250, 500, 1,000 μg/mL) of DESJ or AESJ 
were applied alone or with Con A (5 μg/mL) stimulation. Three 
replicates were performed for each experiment. Splenocytes 
were incubated at 37℃ with 5% of CO2 for 54 h. Then, 1 μCi of 
3H-thymidine (42 Ci/mmol specific activity) was added to each 
well, and plates were incubated for 18 h. Glass fiber filter was 
used to harvest cells, and the amount of thymidine incorporat-
ed into cultured cells was determined by using a liquid scintil-
lation spectrometer (Wallac Micro Beta® TriLux, Perkin Elmer, 
Waltham, MA, USA).

Measurement of cytokines by enzyme-linked immunosor-
bent assay (ELISA)
Commercially available ELISA kits (Biolegend, San Diego, 
CA, USA) were used to determine the effect of AESJ on the 
secretion of cytokines IL-2, IL-1β, IFN-γ, IL-4, and IL-10 in 
splenocytes. Splenocytes were cultured in 24-well plates (4 × 106 
cells/well) and treated with AESJ (0, 31.3, 62.5 μg/mL) in the 
presence or absence of Con A for 48 h at 37℃ with 5% CO2. 

Released cytokines in cultured supernatants were measured in a 
sandwich ELISA using specific capture antibodies according to 
the manufacturer’s instructions. 

Data and statistical analysis
Each experiment was repeated 3 times or more (n = 3+) per 
group. The results of each experiment were expressed as mean 
± SEM. for each group. Student t test was performed using Mi-
crosoft Office Excel ® 2013 program and p < 0.05 was judged 
statistically significant.

Results

Proximate organic and inorganic composition of red sea cu-
cumber
Table 1 shows the approximate organic composition of S. japon-
icus. High amount of proteins (59.10 ± 1.20%) was observed 
along with organic components such as carbohydrate (10.53 
± 0.54%) and ash (6.53 ± 0.26%). Lipid content was rather 
low (1.30 ± 0.07%). In addition, a large number of inorganic 
compounds were observed in S. japonicus, but considerable 
variation has been also detected (Table 2). The red sea cucum-
ber contains a total 46,714 ppm of inorganic components, and 
high amount of Mg and P were observed (10,240 ± 16.26 and 
19,346.3 ± 24.11 ppm, respectively). But small amount of Hg 
(0.015 ± 0.00 ppm) and Mo (0.3 ± 0.00 ppm) were observed. 
Mn, Sn, Cd, Co, Cr, Ni, Pb, and Sb were not detected.

Yield and chemical composition of AMG hydrolysates of red 
sea cucumber
AMG hydrolysis was performed under the optimum condition 
at 60℃ and pH 4.5 (Table 3). As indicated in Table 4, the yield 
of AMG hydrolysates from red sea cucumber measured by dry 
weight was 37.00 ± 2.29%. The AMG hydrolysates contained high 
level of protein (49.96 ± 0.15%), relatively low level of polysaccha-
rides (3.65 ± 0.26%), and very low polyphenols (0.43 ± 0.00%). 

AESJ and DESJ enhance the viability of splenocytes
To compare the cytotoxicity of different solvent extracts of S. 

Table 1. Approximate composition of sea cucumber
Carbohydrate (%) Protein (%) Lipid (%) Ash (%) Moisture (%)

10.53 ± 0.54 59.10 ± 1.20 1.30 ± 0.07 6.53 ± 0.26 22.54 ± 0.96

Results are represented as mean ± SEM based on triplicate determinations.
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japonicus, we applied varying concentrations (0–1,000 μg/mL) 
of diverse solvent extracts on murine splenocytes, and the cell 
viability was measured (Fig. 1). Murine splenocytes treated with 
DESJ (Fig. 1A) and AESJ (Fig. 1C) revealed significantly in-
creased viability compared to untreated control. Even low con-
centrations (≥ 7.8 μg/mL for DESJ and ≥ 31.3 μg/mL for AESJ, 

respectively) exhibited significantly increased viability, and 
DESJ, in particular, showed 100% viability from rather low con-
centrations (15.6 and 31.3 μg/mL). To the contrary, EESJ (Fig. 
1B), VESJ (Fig. 1E), and PESJ (Fig. 1G) exhibited significant cy-
totoxicity on murine splenocytes at higher concentrations com-
pared to untreated control (at 1,000 μg/mL for EESJ and VESJ; 
≥ 500 μg/mL for PESJ, respectively). No significant difference 
was observed in splenocytes treated with CESJ (Fig. 1D), ALESJ 
(Fig. 1F), and TESJ (Fig. 1I). In the meantime, PrESJ exhibited 
more or less steady cell viability compared to untreated control 
(Fig. 1H). On the basis of above results, we selected AESJ and 
DESJ and examined further.

AESJ promotes the proliferation of splenocytes
The proliferation of splenocytes due to DESJ (Fig. 2A) or AESJ 
(Fig. 2B) treatment in the absence of Con A was measured by 
using the 3H-thymidine incorporation assay. Although DESJ 
and AESJ revealed very similar proliferation profiles against 
varying treatment concentrations, the peak concentration of 
DESJ profile appeared at 31.3 μg/mL and the profile steadily 
dropped beyond it while that of AESJ appeared at 62.5 μg/mL 
and the profile dropped rather abruptly beyond it. However, 
DESJ (3.9–500 μg/mL) did not change the cell proliferation of 
murine splenocytes significantly but suppressed it significantly 
(p < 0.05) at 1,000 μg/mL compared to untreated control. To 
the contrary, AESJ increased the cell proliferation significantly 
(p < 0.05) near peak concentrations (31.3–125 μg/mL) but sup-
pressed it significantly (p < 0.05) at 1,000 μg/mL. On the basis 
of these results, we selected 31.3 and 62.5 μg/mL of AESJ for 
further experiments.

AESJ boosts the IL-2, IL-1β, IL-4, and IL-10 cytokine secretion
To assess the secretion of proliferation related cytokines IL-2, 
IL-1β, IFN-γ, IL-4, and IL-10 on murine splenocytes, cells were 
treated with AESJ (31.3 and 62.5 μg/mL) and the level of secret-
ed cytokines was measured with ELISA. AESJ dose dependently 
increased the secretion of IL-2 (Fig. 3A), IL-1β (Fig. 3C), IL-4 
(Fig. 3D), and IL-10 (Fig. 3E) in murine splenocytes. IL-2 se-
cretion significantly (p < 0.05) increased by 1.5 and 1.6 folds by 
AESJ treatments at 31.3 and 62.5 μg/mL, respectively, compare 
to untreated control. The secretion of IL-1β and IL-10 also sig-
nificantly increased by 3.4 and 4.5 folds respectively compared 
to untreated control when treated at 62.5 μg/mL. IL-4 secretion 
increased significantly (p < 0.05) at 31.3 μg/mL. Contrary to 
other cytokines examined, IFN-γ secretion decreased as the 

Table 2. Inorganic components of sea cucumber
Inorganic component nm Detection limit (ppm)

Ca 317.933 9,954 ± 14.14

K 766.49 7,084 ± 12.73

Mg 285.213 10,240 ± 16.26

Fe 238.204 15.2 ± 0.35

Mn 257.61 ND

Cu 327.393 2.3 ± 0.14

Zn 206.2 42.4 ± 0.78

P 213.617 19,346.3 ± 24.11

As 188.979 23.8 ± 0.99

Se 196.026 4.7 ± 0.50

Sn 189.927 ND

Cd 228.802 ND

Co 228.616 ND

Cr 267.716 ND

Li 670.784 1.2 ± 0.07

Mo 202.031 0.3 ± 0.00

Ni 231.604 ND

Pb 220.353 ND

Sb 206.836 ND

Hg 　 0.015 ± 0.00

Results are represented as mean ± SEM based on triplicate determinations.
ND, not detected.

Table 3. Optimum conditions of AMG hydrolysis
Enzyme pH Temperature (℃) Digested period (h)

AMG 4.5 60 24

Amyloglucosidase referred as AMG.
AMG, amyloglucosidase. 

Table 4. Yield and approximate composition of AMG 
hydrolysates from sea cucumber

Yield (%) Polysaccharide (%) Protein (%) Polyphenol (%)

AMG 37.00 ± 2.29 3.65 ± 0.263 49.96 ± 0.15 0.43 ± 0.00

Amyloglucosidase referred as AMG. Results are represented as mean ± SEM based on trip-
licate determinations.
AMG, amyloglucosidase.
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Supplementary Figure 1
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Fig. 1. The effect of different concentrations (0–1,000 µg/mL) of diverse Stichopus japonicus extracts on splenocyte viability 
after 48 h incubation. MTT assay was used to measure the viability of splenocytes. (A) DW extracts of S. japonicus (DESJ), (B) 70% 
EtOH extracts of S. japonicus (EESJ), (C) AMG enzymatic extracts of S. japonicus (AESJ), (D) celluclast enzymatic extracts of S. japonicus 
(CESJ), (E) viscozyme enzymatic extracts of S. japonicus (VESJ), (F) alcalase enzymatic extracts of S. japonicus (ALESJ), (G) pepsin 
enzymatic extracts of S. japonicus (PESJ), (H) protamax enzymatic extracts of S. japonicus (PrESJ), and (I) trypsin enzymatic extracts of 
S. japonicus (TESJ). Experiments were performed in triplicates, and each bar represents means ± SEM. *p < 0.05, **p < 0.005, and ***p < 
0.0005 represent significant viability increase, and †p < 0.05 represents significant viability decrease against untreated control group.
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Fig. 2. The effect of (A) DESJ (0–1,000 µg/mL) and AESJ (0–1,000 µg/mL) on the splenocytes proliferation. 3H-thymidine 
incorporation assay was used to measure the proliferation of splenocytes. Proliferation was assessed after the 72 h of incubation with 
DESJ and AESJ. Each bar represents a mean ± SEM. *p < 0.05 represents statistically significant increase in DESJ or AESJ treated group 
against untreated control group, and †p < 0.05 represents statistically significant decrease against untreated control group. DESJ, DW 
extracts of Stichopus japonicas; AESJ, AMG enzymatic extracts of S. japonicus.

Fig. 3. The effect of AESJ on the level of cytokines (IL-2, IL-1β, IFN-γ, IL-4, and IL-10) in splenocytes. Splenocytes were treated 
with varying concentrations of AESJ (31.3, 62.5 μg/mL) and incubated for 48 h. Cytokine levels were measured by using an ELISA 
kit. Data are expressed as means ± SEMs. *p < 0.05 and ***p < 0.0005 represent statistically significant over-expression in AESJ treated 
groups against untreated control group. ELISA, enzyme-linked immunosorbent assay; AESJ, AMG enzymatic extracts of Stichopus 
japonicus.
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treatment concentrations were increased (Fig. 3B) though the 
difference compared to untreated control group was not signifi-
cant enough.

AESJ inhibits the proliferation of Con A-stimulated murine 
splenocytes
To determine the proliferation modulation ability of AESJ, Con A 
stimulated splenocytes were treated with different concentrations 
of AESJ and splenocytes’ proliferation level was compared with 
that with Con A only (Fig. 4). When Con A stimulation was ap-
plied without any AESJ treatment, splenocytes’ proliferation level 
significantly (p < 0.0005) increased substantially compared to un-
treated control, and the increased proliferation level was retained 
even with low level AESJ treatments (≤ 31.3 μg/mL). However, 
stimulated spleen cells showed dose dependent decrease in prolif-
eration when treated with concentration ≥ 62.5 μg/mL compared 
to that of Con A treatment alone by 2.1, 5.2, 8.8, and 11.6 folds 
respectively with 125, 250, 500, and 1,000 μg/mL of AESJ. 

AESJ decreases the secretion of IL-2, IL-4 and IL-10 cytokines 
in Con A-stimulated murine splenocytes
Con A, a mitogen, stimulates T cells to secrete cytokines. Since 
AESJ treatment abrogated the effects of Con A stimulation in 
murine splenocytes, we examined the AESJ’s influence on Con 
A induced cytokine secretion. AESJ significantly (p < 0.0005) 

suppressed the IL-2 secretion by 1.7 folds at 62.5 μg/mL respec-
tively compared to Con A alone (Fig. 5A). Moreover, AESJ also 
dose dependently suppressed the secretion of IL-4 (by 2.5 and 3.8 
folds at 31.3 and 62.5 μg/mL, respectively; Fig. 5D) and IL-10 
(by 1.1 and 1.7 folds at 31.3 and 62.5 μg/mL, respectively; Fig. 
5E) on Con A stimulated splenocytes. In contrast, we observed 
dose dependent increase in the secretion of IL-1β (by 3.0 and 3.6 
folds at 31.3 and 62.5 μg/mL, respectively; Fig. 5C) compared 
to Con A alone. Interestingly, however, the abrupt production 
increase of IFN-γ group compared to untreated control due to 
Con A stimulation (14.2 folds) remained unchanged with AESJ 
treatments (Fig. 5B).

Discussion

S. japonicus, a marine invertebrate, has gained popularity 
among researchers in recent decades due to its potential health 
benefits and therapeutic uses (Bordbar et al., 2011). Its health 
functions can be attributed to the presence of appreciable 
amounts of bioactive compounds, especially the triterpene gly-
cosides (saponins), chondroitin sulfates, glycosaminoglycan, 
sulfated polysaccharides, sterols (glycosides and sulfates), phe-
nolics, peptides, and cerberosides (Bordbar et al., 2011). Diverse 
sea cucumber species are shown to be effective inductors of 
cellular immunity. In the present study, we explored the effect 
of AESJ on splenic cell proliferation and the cytokine profile in 
Con A stimulated murine splenocytes.

In current study, we used AESJ since this extract has been 
demonstrated to perform biological activities including immu-
nomodulation (Gómez-Gil et al., 2019). It has also been shown 
to regulate the immune system through indirect and direct 
mechanisms including signaling, stimulation and modulation 
of both cytokines and immune cells (Gómez-Gil et al., 2019). 
Furthermore, the spleen has been known to play a major role in 
immunity. It contains a diverse repertoire of immune cells such 
as macrophages, dendritic cells, T and B lymphocytes and more 
importantly, both innate and adaptive immune processes ap-
pear in it, rendering immune reactions in splenocytes a reliable 
surrogate of the immune responses in the host in general (Wluka 
& Olszewski, 2006). A recent study also found that Porphyra 
yezoensis enzymatic extract increases the proliferation of mu-
rine splenocytes (Herath et al., 2018). 

Basically the investigation has turned into focused for 
AMG hydrolysis rather than protease hydrolysis majority due 
to the point that body wall of sea cucumber mainly consist of 

Fig. 4. The effect of different concentrations of AESJ (0–1,000 
µg/mL) on the proliferation of Con A (5 μg/mL) stimulated 
splenocytes. 3H-thymidine incorporation assay was used to 
measure the proliferation of splenocytes. Data are expressed 
as means ± SEMs ***p < 0.0005 represent statistically significant 
increase against untreated control group while †p < 0.05 and 
†††p < 0.0005 represent statistically significant decrease in Con A 
stimulated AESJ treated groups against only Con A stimulated 
control group. AESJ, AMG enzymatic extracts of Stichopus 
japonicus.
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mucopolysaccharides (Duan et al., 2010) and at the same time 
previous studies proved that the mucopolysacharides has huge 
impact on immunomodulatory functions (Song et al., 2013). 
Since AMG has been best known as a breakdown of carbohy-
drate enzyme, our focused was heavily targeted on AMG than 
other protease enzymes.

Also it is interesting to note that the selected AMG hydrolysis 
known to be performed as an economically significant enzyme 
since its’ effectiveness and greater ability of gaining starch and 
oligosaccharides into β-d-glucose as a hydrolyzing result (Adeoyo 

et al., 2018). Moreover, by proving the fact that AMG reveal high 
content of polysaccharides (Adeoyo et al., 2018) it is obvious 
to assume that polysaccharides in AMG is responsible for the 
immunomodulatory function as literature have mentioned the 
scope of polysaccharides’ ability of immunomodulation com-
pared to other components (Zhou et al., 2018). In addition to cell 
viability data obtain from the present study, the above mentioned 
aspects made a sense for choosing AMG hydrolysis as the target 
for further investigations of the current study.

We first disclosed that AESJ was not toxic on murine spleno-

Fig. 5. The effect of AESJ (31.3, 62.5 μg/mL) on the production of cytokines (A) IL-2, (B) IFN-γ, (C) IL-1ß, (D) IL-4, and (E) IL-10 
in Con A treated splenocytes. Con A stimulated and AESJ treated splenocytes were kept for 48 h for incubation, and the levels of 
cytokines were measured by using commercially available ELISA kits. Data are representative of 3 independent experiments, and 
each bar represents a mean ± SEM. *p < 0.05, **p < 0.005, ***p < 0.0005 represent statistically significant increase in AESJ treated groups 
against untreated control group, and †p < 0.05, ††p < 0.005, †††p < 0.0005 represent statistically significant decrease in Con A stimulated 
AESJ treated groups against only Con A stimulated control group. ELISA, enzyme-linked immunosorbent assay. AESJ, AMG enzymatic 
extracts of Stichopus japonicus.
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cytes but rather enhanced their proliferation when applied alone. 
Specifically, when we evaluated AESJ for its ability to enhance 
the proliferation of isolated splenocytes, we observed AESJ elic-
ited significant splenocyte proliferative effect in a fair range of 
concentration (at 31.3–125 μg/mL), indicating that the extract 
had a mitogenic effect on lymphocytes. Splenocyte proliferation 
is vital to both cellular and humoral immune responses due to 
its considerable sensitivity to diverse lymphocyte proliferation 
(Benlhassan-Chahour et al., 2003; Cho et al., 2017), and our re-
sult provides a rationale for the traditional use of S. japonicus as 
an immunostimulant. A previous study reported that mucopo-
lysacharides of S. japonicus enhanced the CD3+ and CD4+ T lym-
phocyte populations in hepatocellular carcinoma induced rats 
(Song et al., 2013). Moreover, another study also reported that 
sulphated polysacharides isolated from S. japonicus exhibited po-
tent stimulator activity in RAW264.7 cells (Cao et al., 2017). Vis-
cozyme and AMG had higher polysaccharide content than other 
digests, which also confirms that enzymatic extraction possesses 
an innovative advantage over conventional extraction procedures 
(Affan et al., 2009). These findings signify further evaluation of 
AESJ’s effect on cellular cytokine profile changes. 

We revealed that treatments with two different dosages of 
AESJ (31.3, 62.5 μg/mL) enhanced the secretion of IL-2 (Th1), 
and IL-1β, IL-4, IL-10 (Th2) cytokines when treated alone. 
Cytokines perform a pivotal role in immune system, mediating 
cell-cell communication and improving host defense mecha-
nism (Lacy & Stow, 2011). Th1 cells which produce IFN-γ, IL-
2, and TNF-α are known important in cell mediated immunity 
and phagocytic activity (Romagnani, 2000). IL-2 is a pivotal in-
ducer of suppressive T cells. It works as a key growth and death 
factor of pathogen activated T lymphocytes, and IL-2 deficient 
mice exhibit autoimmune diseases (Malek, 2003). In the mean-
time, Th2 cytokines further induce the secretion of the Th1 
cytokine IFN-γ which is primarily secreted by activated T cells 
and natural killer cells (Puddu et al., 2005). AESJ’s potential to 
enhance the production of IL-2 (Th1) might also be therapeu-
tically involved in eliminating cancerous cells and pathogens 
including viruses (Kidd, 2003).

Similarly, Th2 cells which produce IL-4 and IL-10 perform 
a critical role in humoral immunity and antibody production, 
and play a dominant role in allergic and stress responses (Ro-
magnani, 2000). When applied alone, AESJ dose dependently 
enhanced the secretion of IL-4 that induces the differentiation 
of Th cells into Th2 cells and the growth of B cells while being a 
crucial participant in allergic inflammation. Also, AESJ boosted 

the secretion of IL-10 that performs important functions such 
as phagocytosis, release of immune mediators, and antigen pre-
sentation when applied alone (Chung et al., 2007). Protein-sul-
fated fucans, a polysaccharide in AESJ, might be responsible 
for the enhanced secretion of IL-10 in splenocytes (Cao et al., 
2017). AESJ’s potential to enhance the production of IL-4 and 
IL-10 (Th2) might be therapeutically beneficial against diseases 
such as rheumatoid arthritis (Steen-Louws et al., 2019).

In this study, we initiated immune responses in splenocytes 
using Con A, an antigen known to enhance the proliferation 
of T-lymphocytes in murine splenocytes (Lei & Chang, 2009). 
Con A stimulation activates macrophages and neutrophils as 
well (Cameron et al., 1983). When mice are treated with Con 
A, it can increase the secretion of inflammatory cytokines like 
IL-2, IL-4, IL-6, IL-10, IL-12, TNF-α, and IFN-γ (Sass et al., 
2002). However, over-activation of immune system can drive 
the progression of inflammatory and autoimmune diseases, and 
immune suppressants can be beneficial to maintain immune 
balance (Herath et al., 2019). Of note, cytokines have been 
known to play a key role in pathogenesis of autoimmune diseas-
es. More importantly, pro-inflammatory cytokines are found re-
sponsible for initiation of autoimmune inflammation while an-
ti-inflammatory cytokines are found responsible for regression 
and prevention of acute phase of diseases (Moudgil & Choubey, 
2011). The IFN-γ is one of key Th1 cytokines which stimulate 
recruitment of macrophages and macrophages in-turn secrete 
pro-inflammatory cytokines like IL-1β and are responsible for 
development of lymphocytes (Herath et al., 2019). At the same 
time IL-4, one of major Th2 cytokines, demonstrated in auto-
immune diseases which activate macrophage and equipping 
macrophage (Yang et al., 2017).

The polysaccharide extract has ability to enhance the expres-
sion of different cytokine profile that might increase immune 
responses and lymphocyte proliferation (Doskocil et al., 2016). 
The investigation of effectiveness of immune cell population may 
accounts for immunomodulatory mechanism induce by an ex-
ternal agent as various CD4+ subpopulations gain much attention 
(Da Silva et al., 2014). However, naïve CD4+ T cells may lead the 
differentiation of few linage of Th cells including Th1, Th2, and 
Th17 or else regulatory T cells. Th1 cells responsible for the secre-
tion of IFN-γ and IL-2 (Zhu & Paul, 2010).

Furthermore, it has been noted that polysaccharides rich 
extracts able to enhance the Con A induced spleen IL-2 and 
IFN-γ in C57BL/6 mice (Yan et al., 2013) assuming the litera-
ture hypotheses that extract might stimulated spleen cells also 
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induced cell activation and proliferation. It is important to men-
tion that proliferation of splenocytes responsible for activation 
cascade of both cellular and humoral immune responses while 
splenic natural killer mediate for the potential of immunomod-
ulation (Han et al., 2019). Literature have been investigated the 
fact of “fucan” in polysaccharides significantly induced mRNA 
expression of cytokines generation including IL-10 that might 
potentially cure the diseases via immunomodulatory activity 
(Oh et al., 2017). Although the mechanism is still remain to be 
investigated, the literature it can be assumed that S. japonicus 
has potential to treatment and prevention of human diseases 
including cancer and allergic disorders through immunomodu-
latory activity (Oh et al., 2017).

In our study, we found that, while Con A significantly en-
hanced the proliferation of murine splenocytes, AESJ (> 62.5 
μg/mL) attenuated the cell proliferation of Con A stimulated 
splenocytes when applied together. A previous report identified 
that mucopolysaccharides in S. japonicus could incur the im-
munomodulatory activity via recovering the population of CD3+ 
and CD4+ T cells in rats induced of hepatocellular carcinoma 
(Khotimchenko, 2018). Therefore, we assume that polysaccha-
rides in AESJ might be responsible for the observed down reg-
ulated secretion of Th1 (IL-2) and Th2 (IL-4, IL-10) cytokines 
in Con A stimulated splenocytes. Interestingly, however, the se-
cretion of IFN-γ was not affected by AESJ regardless of whether 
splenocytes were stimulated with Con A or not. 

These results suggest that AESJ boosted the splenocyte pro-
liferation and the production of cytokines, IL-2 (Th1) and IL-4, 
IL-10 (Th2), when treated alone. However, when treated to Con 
A stimulated splenocytes, AESJ reversed the Con A’s activation 
of splenocytes: it decreased the proliferation of splenocytes and 
the secretion of cytokines from Con A stimulated immune cells. 
Observed immunomodulatory effect of AESJ might be related 
to the function of polysaccharides of S. japonicus, the main 
compound of its body wall. Therefore, AESJ may be further de-
veloped as a natural candidate of maintaining the homeostasis 
of immune system. 
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