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ABSTRACT
The gonad of the sea urchin, Diadema setosum, is highly nutritious and has demonstrated the importance for the 
regulation of inflammation response. However, no previous research study has evaluated the capacity of sea urchin 
gonads to regulate the inflammatory response. Our objectives were to examine the effect of gonad extracts of  
D. setosum on the expression of mRNA FoxP3 gene and the production of cytokine interferon-gamma (IFN-g) and 
interleukin-10 (IL-10) in mice after the induction of lipopolysaccharide (LPS) using Salmonella typhi. Fifteen male 
mice were divided into two groups (intervention and control), before and after intraperitoneal injection of S. typhi. 
The intervention group was treated with two dosages of the extracted gonad (100 and 200 mg/kg of body weight). 
The control group was fed with the natural diet only. We found that the expression of gene FoxP3 and production of 
cytokine exhibited a short decrease after 24 hours of LPS induction and then returned to pre-induction levels. Notably, 
the expression of FoxP3 and production of IFN-g in the control group continued to decline significantly until day 
7. Conversely, the production of IL-10 continued to increase significantly. We conclude that the gonad extract of  
D. setosum is effective for the regulation of immune response and it has strong potential to be developed as a dietary 
supplement for acute and chronic inflammation.

INTRODUCTION
One of the primary expressions in the immune system is 

the ability to undertake inflammation reaction to the presence of 
pathogen stimulation. However, if an over-inflammation reaction 
occurs, it will result in a number of chronic inflammatory diseases 
(Bordoni et al., 2017). Cytokine of IL-10 and IFN-γ secreting 
CD4+ T cells are activated during chronic infections and are 
responsible for the prolonged persistence of microbes and for host 
protection against severe inflammatory responses (Flores-García 
et al., 2011). During infection, the immune system requires control 

of the immune response (Belkaid, 2007). FoxP3 (forkhead box 
P3) is a DNA-binding protein that regulates transcription for the 
development and survival of T regulatory cells (Liston and Gray, 
2014). The function of the cells is to control over-inflammation 
and prevent tissue destruction (Josefowicz et al., 2012). The 
depletion and loss of FoxP3 expression cause the reduced function 
of T regulatory cells (Milanez-Almeida et al., 2015).

Micronutrient contents in cells can maintain the function 
of the immune system (Mocchegiani et al., 2014). Nutrient 
contents in the diet, such as vitamins A, B9, polyunsaturated fatty 
acids (PUFA), and flavonoids, in the diet induce the deferential 
of T regulatory cells, thereby suppressing chronic inflammatory 
diseases (Kim and Lee, 2013). Components of certain nutrients in 
the diet may increase the expression of mRNA FoxP3 (Issazadeh-
Navikas et al., 2012).
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Gonads of the sea urchin, D. setosum, is a source of 
seafood which has been known for high levels of vitamins A 
and E (Salma et al., 2016a), oleic acid, glutamine, arginine, and 
PUFA (Delianis et al., 2016), compared with salmon, mackerel, 
anchovies, sardines, chicken eggs, and shrimps. No previous 
research has examined the potential for the use of sea urchin 
gonads to regulate the inflammatory response. Based on the 
known nutritional components of the gonad of D. setosum, we 
hypothesized that the gonads of D. setosum possess the capacity 
for inflammatory regulation. The purpose of our research study 
was to examine the effects of extracted gonad of D. setosum on 
the expression of the FoxP3 gene (mRNA FoxP3) and cytokine 
(IFN-g and IL-10) on mice BALB/c infected by S. typhi. Our goal 
was to identify a potential new food source for immune regulation 
and control of chronic inflammation.

MATERIALS AND METHODS

Sampling location and extraction of  D. setosum gonad
Sea urchin was collected from Wakatobi Island, 

Southeast Sulawesi, and the gonad was extracted in the Department 
of Pharmacy, University of Hasanuddin, Makassar, Sulawesi, 
Indonesia. The extraction was performed based on a method 
developed by Salma et al. (2016b). Briefly, 500 g of dried gonad 
was extracted using 2,500 ml of acetone and then kept in the dark 
for 24 hours. The extraction procedure was done several times 
until the sample became clear in color. Afterward, the extracted 
samples were steamed using rotavapor with a temperature of 45°C 
to obtain free acetone extraction.

Animals and treatments
We used 12-week old mice, free of pathogens, from 

the Laboratory of Biomolecular and Immunology of Medical 
Faculty of University of Hasanuddin, Makassar. They were 
fed with standardized diet ad libitum and kept in a controlled 
temperature of 23°C, humidity of 50%, and exposed to light for 
12 hours per day. This research study was approved by the Health 
Medical Research Ethics Committee at the Faculty of Medicine, 
Hasanuddin University (Makassar, Indonesia) with the registration 
number UH15020068-Kometik/2015.

A total of 15 mice with a weight of 30–40 g were selected 
for the research study. Mice were divided into two groups: the 
first contained those without extraction (control) and the second 
included those treated with gonad extraction (100 mg/kg of 
body weight and 200 mg/kg of body weight). Process and the 
observation of immune response of BALB/c mice were done for 
17 days based on its category. After blood collection, mice were 
treated with extracted gonad of D. setosum with different dosages. 
The treatments were 100 mg/kg of body weight and 200 mg/kg 
of body weight administered orally through cannula on a daily 
basis. It is according to the research method which conducted by  
Salma et al. (2016b). 

Process and examination of the immune response of 
BALB/c mice were performed for 17 days. After blood collection, 
the intervention groups were treated with 100 mg/kg/day and  
200 mg/kg/day of extracted gonad orally using cannula. After 
10 days of intervention, blood was taken from the three groups, 
and then mice were left to rest for 3 hours. The groups were then 

stimulated by intraperitoneal injection of lipopolysaccharide (LPS; 
0.2 ml × 103 ml/CFU) of S. typhi. Mice blood is taken again after 24 
and 72 hours and 7 days after stimulation of LPS. A 0.2 ml sample 
of blood was collected through the tail using insulin syringe of 1 ml.

Measurement of cytokine by ELISA
Serum was kept in a −20°C freezer and prepared when 

cytokine was measured using enzyme-linked immunosorbent 
assay (ELISA). Cytokine IFN-g was measured using an ab46081 
IFN-g Mouse Elisa kit and cytokine IL-10 was measured using 
an ab46103-IL-10 Mouse Elisa kit. Briefly, a 0.2 ml mice blood 
sample was placed in a 5-ml vacuum tube to which EDTA K3 had 
been added.

The tube was centrifuged at 1,000 rpm for 10 minutes, 
which allowed the blood cells to settle. The clear solution was 
collected and transferred to an Eppendorf tube with a concentration 
of 0.5 ml. Serum was diluted using a standard solvent with a ratio 
of 1:500 (1 µl serum + 99 µl solvent). To determine the level of 
IFN-g and IL-10, a 96-well microplate Elisa was prepared. The 
anti-IFN- g and anti-IL-10 were transferred into the microplate 
and then 100 µl of coating antibody were added to each well 
made with a dilution of 5 µl in 2.5 ml. Then, the samples were 
incubated at ambient temperature for 18–24 hours, washed with 
300 µl wash buffer to remove displaced antibody, and added 
with 100 µl NHS (N-hydroxysuccinimide) in every well sample. 
A 50 µl biotin conjugate was added and incubated for 1 hour at 
ambient temperature. The good microplate was washed three times 
using 300-µl wash buffer to remove displaced antibody from the 
samples. Next, TMB (tetramethylbenzene) substrate was added and 
incubated in the dark for 15 minutes. TBM substrate caused the 
reaction to turn blue in color and ceased the reaction by the addition 
of sulfuric acid. At the end of the reaction, the color changed to 
bright yellow. The final process was ELISA reader conducted by 
using spectrophotometer with a wavelength of 450 nm.

RNA extraction
Total of mRNA was isolated from blood samples using 

the Boom method (1990). A 20-µl diatom suspension (silica) was 
added to a 100-µl sample of blood and diluted with 900 µl of the 
lysis buffer L6. This solution was vortexed and centrifuged at 
13,000 rpm for 15 seconds. The supernatant was then discarded 
and the sediment was purified twice using 500 µl of lysis buffer 
L2 (vortexed and centrifuged for 15 seconds). Purification was 
conducted twice using 500 µl of 70% ethanol (vortexed and 
centrifuged for 15 seconds). We conducted the final purification 
using 500 µl of acetone. The solution obtained from purification 
was incubated with a heating block at a temperature of 56°C 
for 10 minutes. Buffer solution (TE) was added, the resulting 
solution was vortexed and centrifuged at 13,000 rpm for 2 minutes 
producing DNA extraction. A 20-μl sample of extracted DNA was 
collected, placed in the tube, and kept in a −80°C freezer.

Quantitative real-time PCR assay
Quantitative real-time PCR system (Applied Biosystems) 

using Power SYBR® was used with the following reagents: a forward 
primer of FOXP3 was FW-TTTACTCGCATGTTCGCCTACTT 
and reverse primer was RV-TCAAATTCATCTACGGTCCACATC. 
(NM_00199347.1) and normality standard was GAPDH FW-CA 
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TGGCCTTCCGTGTTCCT and RV-GCGGCACGTCAGATCCA 
(Takeuchi et al., 2013). Thermal cycling was undertaken for 30 
seconds using the following cycling parameters: extension at a 
temperature of 95°C, followed by 40 cycles of denaturation for 10 
seconds at a temperature of 95°C, annealing at 60°C for 15 seconds, 
and then extension for 40 seconds at a temperature of 72°C. The 
examination of PCR results was conducted three times and data were 
analyzed using a detection instrument Mx4000 with the comparative 
threshold cycle method. The standard curve was made and became 
an indication of efficiency in amplification (90%–100%).

Statistical analysis
Results were summarized as the mean ± standard 

deviation (SD). We used a repeated measures analysis of variance 
to compare IFN-g and IL-10 and expression of mRNA FoxP3 
between the control group and the group treated with gonad. We 
used a separate t-test to compare IFN-g and IL-10 and expression 
of mRNA FoxP3 between the two doses. Data were analyzed with 
SPSS statistical software (version 23.0). Statistical significance 
was considered as p < 0.05.

RESULTS AND DISCUSSION
Selected extracted gonad as 100 and 200 mg/kg of body 

weight and continued for 17 days, the nutrients contained in the 
gonad extracted from D. setosum are probably better to induce 
the IFN-γ, IL-10 cytokine immune responses and expression 
of FOXP3 gene to provide initial defense when pathogens can 
escape into the body. Our previous research study, after 10 days 
of intervention, blood was taken from the three groups, and then 
mice were left to rest for 3 hours. The groups were then stimulated 
by intraperitoneal injection of LPS (0.2 ml × 103 ml/CFU) of  
S. typhi. Blood from mice wereas taken again 7 days after 
stimulation of LPS (Salma et al., 2016b). The phase of the adaptive 

immune response after exposure to the antigen was on the 7th 
day lymphocyte activity (antibody production and effector T cell 
lymphocytes) occurs, day 14 antigen was eliminated and entering 
the 21st day there is an apoptosis from effector lymphocyte cells 
for homeostasis and surviving memory cells (Abbas et al., 2012). 

IFN-g and IL-10 productions in control and intervention groups
We found no difference in the level of IFN-g between 

intervention and control before the induction of LPS. However, 
the IFN-g in intervention groups decreased after 24 hours post 
induction to return to normal (Fig. 1). Interestingly, the level of 
IFN-g in the control group continued to decrease until the 7th day 
of observation.

The level of IL-10 in intervention and control groups 
was not different before the induction of LPS. But, we found that 
the level reduced in the intervention group after 24 hours post 
induction. Meanwhile, the level of IL-10 in the control group 
constantly increased until the 7th day of examination (Fig. 2).

There was no difference in the production of IFN-g and 
IL-10 in mice in the interventions group treated with 100 and 200 
mg/kg before the induction of LPS (p > 0.05). After the induction, 
the production of IFN-g and IL-10 differed (p < 0.05) after the 
7th day of observation. Group treated with 200 mg/kg more 
significantly influenced inflammatory regulation compared with 
the group treated with 100 mg/kg (data were not available).

A dynamic stabilization between pro- and anti-
inflammation of cytokine would prevent a host from deterioration 
as a result of over-inflammation (Hurley et al., 2014). IFN-g is 
an essential cytokine for pro-inflammation as it has an important 
function in intracellular cell-mediated immunity (Abbas et al., 
2012). The IFN-g ranks among the most important endogenous 
regulators of immune responses (Billiau and Matthys, 2009). Lack 
of IFN-g production decreases neutrophil mobility and the activity 

Figure 1. The dynamics of interferon gamma production at 0, 24, 72 hours, and 7 days after  
S. typhi stimulation in control and intervention groups.
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of natural killer cells, which indicate a heavy infection (Mócsai, 
2013). On the contrary, overproduction of cytokine IFN-g causes 
inflammation due to the release of toxic metabolites (Schroder 
et al., 2004). Anti-inflammation of IL-10 suppresses the over-
reaction of pro-inflammation (Couper et al., 2008). Furthermore, if 
over-production of cytokine IL-10 occurred, it will directly prevent 
the function of antigen percentile cells, inhibit the development 
of T CD4 cells to produce IFN-g effector, and eventually fail to 
control heavy infection (Ndishimye et al., 2015).

We revealed the effect of extracted gonad of D. setosum 
on the immune response of mice BALB/c in the intervention 
group, which indicated the stable production of cytokine IFN-g 
after the 7th day of observation. It was expected that cytokine was 
active earlier than 24 hours and maybe cytokine is an important 
for the removal of S. typhi at the infection stage. Therefore, 
we speculated that the nutrients contained in the gonad were 
particularly important for an innate immune response as an 
anti-oxidant and anti-biotic to induce cytokine IFN-g in order to 
eradicate gram-negative bacteria, such as S. typhi. The production 
of IL-10 in the intervention group, however, slightly decreased 
and was constant. It was expected that the quantity of required 
cytokine was minimal, which indicated that the anti-inflammation 
of IL-10 did not dominate the suppression of IFN-g. Therefore, 
IFN-g remained functional.

Our observations of the control group showed that the 
stimulation of LPS of S. typhi caused the low production of cytokine 
IFN-g, while the stimulation of S. typhi in the group contributed 
to the high production of cytokine IL-10 until the 7th day of the 
experiment. This condition indicated that over-inflammation 
reaction occurred. The bacterium S. typhi has the ability to invade 
widely and cause chronic and acute infection because it can 
replicate and survive from phagocyte of epithelial, dendritic cells, 

and macrophage from the immune system (Gunn et al., 2015). 
Reduced response to inflammation due to the infection of S. typhi 
resulted in widespread persistence of infection and facilitated 
longer survival of the pathogen (Merrell and Falkow, 2004). We 
found that higher loading of S. typhi resulted in the inhibition of 
effector of T cell activation (Johanns et al., 2010). It is generally 
known that the response of the innate immune system occurs in 
12 hours and stronger adaptive immune response will remain 
active thereafter (Abbas et al., 2012). However, the occurrence of 
high inflammation reaction will impede the development of CD4 
producing IFN-g cytokine effector and the depletion in cytokine 
of IFN-g results in a heavy infection (Abbas et al., 2012). Our 
findings were consistent with the previous studies by Singh 
and Thirumalapura (2014) who conducted a similar experiment 
in six mice C57BL type infected by LPS of Ehrlichia muris. 
Their finding shows the concentration level of IL-10 increased 
significantly in day 8 and indicated that specific function of T cell 
CD4 gradually decreased and lost the ability to produce cytokine 
IFN-g effector (Singh and Thirumalapura, 2014). Deficiency of 
micronutrients in the diet leads to the immune destruction that 
eventually affects innate and adaptive responses (Bresnahan and 
Tanumihardjo, 2014).

Expression of mRNA FoxP3 in control and intervention groups
The expression of mRNA FoxP3 in both the intervention 

and control group was different before the induction of LPS. The 
expression in the intervention group, however, decreased after 
24 hours post induction (p = 0.335) and then the level returned 
to normal in the 7th day after induction (p < 0.05). Interestingly, 
the expression of mRNA FoxP3 in the control group continued to 
decrease significantly after 72 hours to the 7th day of observation 
(Fig. 3).

Figure 2. The dynamic of interleukin-10 productions at 24, 72 hours, and 7 days before S. typhi 
stimulation in control and intervention groups.
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We observed no difference in the intervention group 
treated with 100 and 200 mg/kg on the expression of mRNA 
FoxP3 of mice before the induction of LPS (p > 0.05). After the 
induction, the expression of mRNA FoxP3 after the 7th day of 
observation differed (p < 0.05). The group treated with 200 mg/kg 
exhibited higher inflammatory regulation compared with the group 
treated with 100 mg/kg (data were not available).

T regulatory cells are produced in the thymus and 
possess indicator molecules such as CD4+CD25+FoxP3 (Katoh 
et al., 2013). The cells may affect the Th1 and Th2 through 
cytokine and direct contact between cells (Kessel et al., 2012). T 
regulatory cells of FoxP3 contribute to the controlling activity of 
T helper cells, possess related function in the blood and tissues, 
and become an indicator of novel gene activity (Dhuban et al., 
2014). Depletion of S. typhi is associated with strong effector of T 
regulatory cells. Therefore, the cells have the potential to determine 
the spread of persistent infection (Johanns et al., 2010). Previous 
research studies found that certain nutrients in the diet increased 
the expression of T regulatory cells of FoxP3. The depletion in 
the expression of the FoxP3 gene is associated with the reduced 
ability of T regulatory cells. Sufficient nutrients are a source of 
energy for T regulatory cells of FoxP3 to regulate the immune 
system (Kinoshita and Takeda, 2014). Nutritional contents such as 
antioxidant, vitamins A, C, E, minerals Zn and Mg from propolis 
trigona may increase the expression of mRNA FoxP3 in mice 
BALB/c infected by S. typhi (Usman et al., 2016). In our research 
study, the intervention of the gonad in mice BALB/c induced by 
LPS bacteria of S. typhi showed that mRNA FoxP3 had the ability 
to increase its expression back to normal after the 7th day of 
observation. This means that the function of regulatory T cells is 
maintained. Our previous research study identified that the gonad 
of D. setosum contained vitamins A and E and minerals iron (Fe), 

Mg, and Zn, as well as albumin (Salma et al., 2016a). Certain 
nutrient components increase the expression of mRNA FoxP3 
(Issazadeh-Navikas et al., 2012).

We determined in the present research study that the 
induction of LPS in the control group reduced the expression of 
gen FoxP3 after 72 hours to the 7th day of the experiment (Fig. 3). 
This condition indicated that the reduction of gen FoxP3 expression 
might be caused by the poor ability of T regulatory cells in regulating 
inflammation. Thus, the reaction of over-inflammation in control 
group mice could not be avoided. It is probable that the effect of 
LPS 0.2 ml × 103 CFU/ml administered through intraperitoneal 
injection induced a strong inflammatory reaction causing one of 
the treated mice to die in day 5. The present research study was 
compared with other research (Depaolo et al., 2005), where the 
induction of mice using 104 C57BL/6 infected by S. typhi showed 
that around 40% mice survived through day 5 and around 20% to 
day 6. The presence of an infectious agent leads to the aggressive 
attack of T regulatory cells resulting in the depletion of the cells 
and loss of its function as an immune regulatory response (Nair 
et al., 2013). The loss of T cells from the circulation system causes 
the loss of homeostasis and the degradation of the immune system 
(Zhao et al., 2006). The instability or loss of FoxP3 expression 
leads to the weaker functioning of T regulatory cells (Rudensky, 
2012), (Loosdregt et al., 2012). The depletion of mRNA of T 
regulatory cells showed the importance of T cells in homeostatic 
and immune system maintenance (Baumjohann and Ansel, 2013).

CONCLUSIONS
It is interesting in our results, because, the decrease in 

FoxP3 mRNA expression is not in line with the decrease in IL-10 
cytokines in the control group. There may be other mechanisms 
that regulate this phase because IL-10 is not only released by 

Figure 3. The dynamic of mRNA FoxP3 expression at 24, 72 hours, and 7 days before  
S. typhi stimulation in control and intervention groups.
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regulatory T cells but several other cell activities are also involved 
in producing IL-10 when the inflammatory reaction process 
occurs, for example, macrophage cells. Therefore, to find out 
which cells release IL-10, stimulation of PBMC (peripheral blood 
mononuclear cell) needs to be conducted in our trial because 
the blood volume of BALB/c mice can only be taken 0.2 ml. In 
addition to that, eliminating S.typhi and knowing homeostasis and 
memory are surviving is necessary to increase the intervention 
time. We conclude that the gonad of D. setosum exhibits 
inflammatory regulation and provides sufficient protection in the 
early defense against infectious microbes. Moreover, the gonad 
has the potential to be used as a food supplement for acute and 
chronic inflammation. We recommend that future research study 
is focused on the mechanism and application of our results to the 
development of natural products.
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