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Abstract Tomato (Lycopersicon esculentum) is widely known for its beneficial effects on human health. To investigate
the beneficial effects of polysaccharides from cherry tomato, cherry tomato polysaccharides (CTP) were prepared, the
component sugars were analyzed, and the immunomodulatory activities in RAW 264.7 macrophages were assessed. CTP
mainly contained arabinose (Ara) and galactose (Gal), suggesting that CTP might be enriched with an arabinogalactan
(AG) moiety. The Ara and Gal present in CTP are likely components of AG-II (35.4%), namely arabino-β-(3,6)-galactan.
To investigate the immunomodulatory activity of CTP, cytokine levels and iNOS2, COX-2, and NF-κB protein levels were
analyzed, and NF-κB nuclear translocation and phagocytosis were observed by immunofluorescence. CTP significantly
increased the levels of TNF-α, MCP-1, and IL-6. CTP also increased iNOS2 and COX-2 expression as well as NF-κB
nuclear translocation in RAW 264.7 cells. CTP significantly stimulated phagocytosis activity. These results showed that
CTP stimulates macrophage activity, which can boost the innate immune response. CTP with high AG-II content could
be used as a prebiotic to strengthen immunity.
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Introduction

Plant polysaccharides activate macrophages and also increase

phagocytosis in vitro (Schepetkin and Quinn, 2006). Recent studies

have shown that a variety of polysaccharides can act as immuno-

modulators, helping to stimulate the immune system so that it can

eliminate tumors and foreign invaders more effectively (Razali et

al., 2014). In plant polysaccharides (starch, cellulose, hemicellulose,

and pectin), pectins are the major component of plant cell wall and

known as the most complex heteropolysaccharide. Pectins are

consisted of fragments of linear and branched regions of

polysaccharide such as homogalacturonan (HG), rhamnogalacturonan

(RG)-I, RG-II, xylogalacturonan (XG), and apiogalacturonan (AG)

(Popov and Ovodov, 2013). The composition and structural

features of pectin determine pharmacological activities in humans

and animals. Recently, anti-cancer and immunostimulatory

activities have been reported in pectic polysaccharide, and the

activities were contributed from RG-I and RG-II regions rather

than the HG region (Kim et al., 2016).

Macrophages play an important role in regulating both innate

and adaptive immune responses and they defend against infection

and cancer (Yoon et al., 2003). Macrophages secrete cytokines

such as tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), and

monocyte chemoattractant protein-1 (MCP-1), and inflammatory

mediators such as NO, hydrogen peroxide (H
2
O

2
), and prostaglandins

(PGs), against pathogens. IL-6 and TNF-α activate surrounding

cells to produce chemokines or adhesion molecules, thereby

recruiting various inflammatory cells to the infection sites (Lee et

al., 2010). Cyclooxygenase-2 (COX-2) and iNOS are two major

inflammatory mediators. NO and PGs are produced as a result of

iNOS and COX-2 stimulation, respectively (Kim et al., 2005;

Marletta, 1993). Another major immune-stimulating factor is nuclear

factor kappa-light-chain-enhancer of activated B cells (NF-κB).

NF-κB, which is primarily composed of the protein p50 and p65,

exists in a latent form in the cytosol as a dimer complex bound to

the inhibitor protein, IκB. Upon exposure to internal stimuli, IκB

degrades, which allows NF-κB release and translocation to the

nucleus to regulate the expression of multiple target genes (Kim et

al., 2007; Li et al., 2014). Another macrophage stimulation activity

is phagocytosis. Phagocytosis in leukocytes plays a role as the

first-line host defense against potential pathogens; thus, macrophage

activation means an increase in innate immune response (Kim et

al., 2007).

Tomato (Lycopersicon esculentum) is a popular fruit consumed

in many countries. Tomatoes contain fiber, oligosaccharides and

polysaccharides, which act as prebiotic compounds in the gut

environment (Bornet et al., 2002; Napolitano et al., 2009).
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However, little information is available on the relationship between

polysaccharides from cherry tomatoes and immune activity. In this

study, we analyzed the sugar composition of polysaccharides

prepared from cherry tomatoes and evaluated the potential immune-

stimulating activity of the polysaccharides on the RAW 264.7

murine macrophage cell line.

Materials and Methods

Chemicals

Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine

serum (FBS), and penicillin/streptomycin for the cultivation of cells

were obtained from HyClone (Logan, UT, USA). 2-(2-Methoxy-4-

nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,

monosodium salt (WST-1) reagent was purchased from Roche

(Indianapolis, IN, USA). Mouse inflammation cytometric bead

array kit (CBA), and mouse TNF-α (Mono/Mono), MCP-1, and

IL-6 enzyme-linked immunosorbent assay (ELISA) were purchased

from BD Biosciences (San Diego, CA, USA). Lipopolysaccharide

(LPS) and gum arabic were purchased from Sigma (St. Louis,

MO, USA). All other chemicals and reagents were obtained from

Sigma.

Crude polysaccharide preparation

The cherry tomato “Yoyo”, harvested from Chungcheongnamdo,

South Korea. After processing with a pulper (AG-5500, Angel

Juicer Co, Pusan, South Korea), cherry tomato juice was obtained,

followed by freeze drying. The resultant crude powders were

mixed with sterilized distilled water, stirred at room temperature

for 10 min and centrifuged at 15,000×g for 30 min at 4oC. The

supernatant was filtered through a 40-μm pore mesh (BD Biosciences).

The filtrate was mixed with 1% Viscozyme L (Novozymes Inc.,

Copenhagen, Denmark; 54:1, v/v) and reacted in a shaking water

bath at 50oC for 4 h at 200 rpm, then centrifuged at 1,000×g for

10 min to remove sediments. In this study, Viscozyme L was

selected among several enzymes (Viscozyme L, Pectinex BE 3L,

Pectinex AFP L4, and Citrozym Ultra L obtained from Novozymes)

based on their yields (Koh et al., 2015). The supernatant was

precipitated overnight with a final concentration of 80% ethanol

(v/v) at 4oC and centrifuged at 7,500×g for 20 min. The supernatant

was removed and the resulting precipitate was resolved with

distilled water. The resulting precipitate was then dialyzed against

water for 4 days at 4oC using a cellulose membrane tube (D-9402,

76 mm wide, >12,000 MW, Sigma). After insoluble materials were

removed by centrifugation, the non-dialyzable portion was lyophilized

to obtain CTP. CTP used in all experiments were dissolved in

distilled water.

Chemical component analysis

Neutral sugar and uronic acid contents were determined using

the phenol-sulfuric acid method (DuBois et al., 1956) and the m-

hydroxybiphenyl method (Blumenkrantz and Asboe-Hansen, 1973),

using D-galactose and D-galacturonic acid as standards, respectively.

The aldose component of the polysaccharide was analyzed as

alditol acetate prepared by NaBH
4
 reduction and acetic anhydride

acetylation after hydrolysis with 2 M trifluoroacetic acid for 1.5 h

at 121oC (Jones and Albersheim, 1972). For uronic acid determination,

the reduced hydrolysates were loaded onto the Dowex-1 resin

(Sigma) and the bonded aldonic acids were eluted using 1.0 N

HCl. The eluted fraction was evaporated to dryness at 40oC in a

stream of filtered air and the resulting lactones were reduced under

neutral conditions (Jones and Albersheim, 1972). After acetylation,

the resulting carboxyl-reduced alditol acetates were analyzed using

gas liquid chromatography (GLC) (Zhao et al., 1991). GLC was

performed using an HL-6890 Series II gas chromatograph (Hewlett-

Packard, Palo Alto, CA, USA) equipped with a flame ionization

detector (FID) using a Supelco SP-2380 capillary column (30 m×

0.25 mm i.d., 0.2 μm film, Bellefonte, PA, USA).

Determination of arabino-β-3,6-galactan 

The amounts of arabino-β-3,6-galactan (AG-II) in the polysaccharide

were measured by β-D-glucosyl Yariv reagent (Biosupplies,

Rarkville, Australia) using a single radial gel diffusion according to

the procedure of Holst and Clarke (van Holst and Clarke, 1985).

The 10 μL of CTP samples and a standard gum arabic (Sigma)

were applied to a gel plate containing 0.004% (w/v) β-D-glucosyl

Yariv, 75 mM NaCl, 0.01% (w/v) sodium azide, and 1% (w/v)

agarose. The contents of AG-II in CTP were determined by calibration

curve based on the square value of the halo formed using gum

arabic as a standard.

Cell culture and cell viability

RAW 264.7 mouse macrophage cells were purchased from the

Korea Cell Line Bank (KCLB, Seoul, Korea). The RAW 264.7

was maintained in DMEM supplemented with 10% FBS, 100

units/mL penicillin, and 100 μg/mL streptomycin at 37oC in an

atmosphere of 5% CO
2 

−95% air. When 70-80% confluence was

reached, the cells were seeded in a 96-well plate at a density of

1×106 cells/mL and incubated overnight. After overnight culture,

cells were treated with various CTP concentrations (1, 10, 50, and

100 μg/mL) for 24 h. WST reagents (10 μL) were added and the

viability was measured using a SpectraMax microplate reader

(Molecular Devices, Sunnyvale, CA, USA) at 450 nm. The relative

cell viability (%) was expressed as a relative percentage to the

untreated control cells.

NO and cytokine measurement

RAW 264.7 macrophages were cultured overnight in a 96-well

plate at a density of 1×106 cells/mL in DMEM-FBS, and the cells

were treated with various CTP concentrations (1, 10, 50, and 100

μg/mL) for 24 h. LPS was used as a positive control. The culture

medium was collected for NO and cytokine (IL-6, TNF-α, and

MCP-1) analysis. NO secretion was measured using a microplate

assay method as previously described (Kang et al., 2011). The

nitrite concentration was determined by measuring the absorbance

at 540 nm. Sodium nitrite (NaNO
2
) was used as a standard. The

TNF-α, MCP-1, and IL-6 was measured using an ELISA kit (BD

Biosciences), according to the manufacturer’s instructions.
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Quantitative real time polymerase chain reaction (qPCR)

RAW 264.7 cells (1×106 cells/mL) were cultured with various

concentrations of CTP (1, 10, 50, and 100 μg/mL) in 6-well plates.

After 24 h, cells were treated with 1 mL of TRIzol reagent

(Invitrogen, Carlsbad, CA, USA) and total RNA was extracted

according to the manufacturer’s protocol. Total RNA concentration

was quantified with a NanoDrop ND-1000 Spectrophotometer

(Thermo Scientific, Wilmington, DE, USA). cDNA was then

prepared using a Revert Aid First Strand cDNA kit (Fermentas,

Burlington, Ontario, Canada), and qPCR was performed using a

StepOnePlusTM Real-Time PCR System (Applied Biosystems,

Foster City, CA, USA). PCR primers were purchased from Bioneer

(Seoul, Korea) as follows: glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) (sense: 5'-TGT GAA CGG ATT TGG CCG TA-3',

antisense: 5'-ACT GTG CCG TTG AAT TTG CC-3'); COX-2

(sense: 5'-CCC AGA GCT CCT TTT CAA CC-3', antisense: 5'-

ATT TGG CAC ATT TCT TCC CC-3'); iNOS2 (sense: 5'-CAC

CTT GGA GTT CAC CCA GT-3', antisense: 5'-ACC ACT CGT

ACT TGG GAT GC-3'); TNF-α (sense: 5'-AGC ACA GAA AGC

ATG ATC CG-3', antisense: 5'-GTT TGC TAC GAC GTG GGC

TA-3'); and IL-6 (sense: 5'-CGA TGA TGC ACT TGC AGA AA-

3', antisense: 5'-TGG AAA TTG GGG TAG GAA GG-3'). The

reaction was preheated to 95oC for 10 min followed by 40 cycles

at 95oC for 15 s, 60oC for 15 s, and 72oC for 30 s. qPCR data

was quantified as previously described (Livak and Schmittgen,

2001). Relative gene expression was quantified based on equal

amounts of RNA (1 μg). GAPDH was used as an internal control

reference gene.

Western blot analysis

RAW 264.7 cells (1×106 cells/mL) were cultured with various

concentrations of CTP (1, 10, 50, and 100 μg/mL) in 60-mm

dishes. After 24 h, the cells were collected and lysed for protein

extraction. iNOS2 and COX-2 analysis was performed on whole-

cell extracts using Pro-Prep protein extraction solution (Intron,

Seoul, Korea). NF-κB analysis was performed on the nuclear

protein fraction using NE-PER Nuclear and Cytoplasmic Extraction

Reagents (Thermo, Rockford, IL, USA). Equal amount (30 µg) of

protein from each sample was separated by 10% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The separated

proteins were transferred to a polyvinylidene difluoride (PVDF)

membrane (Millipore, Bed-ford, MA, USA) using a Trans-Blot

semi-dry transfer cell (Bio-Rad, Hercules, CA, USA). The membrane

was blocked with 5% non-fat skimmed milk in phosphate buffered

saline (PBS) with 0.05% Tween 20 (PBS-T) overnight at 4oC. The

membrane was washed three times with PBS-T, then incubated

with a 1:500 dilution of anti-iNOS2 (Santa Cruz Biotechnology,

Dallas, TX, USA) antibody, 1:2,000 dilution of an anti-COX-2

antibody (Novus Bio, Littleton, CO, USA), and 1:2,000 dilution of

an anti-NF-κB antibody (Abcam, Cambridge, UK) for 1 h at room

temperature. GAPDH, used as an endogenous control, was detected

with a 1:5,000 dilution of anti-GAPDH antibody (Thermo Scientific,

Waltham, MA, USA). The membrane was washed three times

with PBS-T, and incubated further with a secondary antibody. The

1:10,000 dilution of goat anti-rabbit IgG (H+L) horseradish

peroxidase conjugated antibody (Thermo Scientific) was used as a

secondary antibody for anti-iNOS, anti-COX-2, and anti-NF-κB.

The 1:50,000 dilution of goat anti-mouse IgG (H+L) horseradish

peroxidase conjugated antibody (Thermo Scientific) was used as

Fig. 1. Single radial gel diffusion (A) and reactivity (B) between
β-glucosyl Yariv reagent and CTP. β-Glucosyl Yariv reagent
specifically binds and precipitates AG-II. Gum arabic was used as a
standard. The arabino-β-3,6-galactan (%) in CTP was calculated to
relative percentage against the standard at a same dose.

Table 1. Chemical composition of CTP

Chemical properties (%)

Neutral sugar 64.9±0.2

Uronic acid 35.1±2.3

Protein -1)

Sugar component2) (Mole %)3)

2-O-Methylfucose 0.7±0.0

Rhamnose 5.3±0.1

Fucose 0.2±0.0

2-O-Methylxylose 0.2±0.0

Arabinose 25.5±0.30

Xylose 8.8±0.2

Aceric acid -

Mannose 3.3±0.2

Galactose 15.2±0.20

Glucose 5.7±0.1

1)Not detected
2)Monosaccharides were analyzed using alditol acetates.
3)Mole % was calculated from the detected total carbohydrate.
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the secondary antibody for anti-GAPDH. Bound antibodies were

detected using WesternBright Sirius western blotting detection kit

(Advansta, Menlo Park, CA, USA). Blot images were obtained

using the imaging system FluorChem E (Proteinsimple, CA, USA)

and band intensity was measured using analysis tools.

NF-κB immunofluorescence

Cells were grown on coverslips and fixed in 4% paraform-

aldehyde/PBS overnight at 4oC, then permeabilized with 0.01%

Triton X-100 in PBS for 5 min. The cells were washed with PBS

and blocked with 10% normal donkey serum/PBS for 30 min at

room temperature. Cells were then incubated overnight with a

1:1,000 dilution of an anti-NF-κB antibody at 4oC. Cells were

washed three times with PBS and then incubated for 60 min at

room temperature with a 1:1,000 dilution of goat anti-rabbit IgG,

DyLight 650 (Thermo Scientific). After further washing with PBS,

nuclei were counterstained with a 1:10,000 dilution of a 4,6-

diamidino-2-phenylindole (DAPI, Sigma) for 10 min at room

temperature. Excess dye was removed by washing three times with

PBS, and the coverslip was placed onto a slide and mounted using

VECTASHIELD® (Vector Laboratories, Burlingame, CA, USA).

Images were acquired digitally and processed using the operation

software EZ-C1 for the Nikon C1 plus confocal laser scanning

microscope (Nikon, Tokyo, Japan).

Phagocytosis

To measure phagocytosis activity, RAW 264.7 cells (1×106 cells/

mL) were seeded in a 6-well (for FACS analysis) or a 24-well

plate (for immunofluorescence), then incubated for 24 h. The next

day, cells were cultured with various CTP concentrations (1, 10,

50, and 100 μg/mL) and incubated for 24 h. To quantify the

phagocytosis activity, a phagocytosis assay kit IgG FITC (Cayman,

MI, USA) was used. The cells were analyzed using a confocal

microscopy (Nikon C1 plus confocal laser scanning microscope, Nikon).

Statistical analysis

All statistical analyses were performed using SPSS version 12.0

for Windows (SPSS, Chicago, IL, USA). The results of experiments

were expressed as the mean±standard deviation (SD). The statistical

significance of the difference was determined using the Student’s t-

test. A p-value of <0.05 was considered the threshold for statistical

significance. Statistical differences among groups were evaluated

using an analysis of variance (ANOVA), followed by Duncan’s

multiple range tests.

Fig. 2. Nitric oxide (NO) and cytokine production in CTP-treated RAW 264.7 cells. (A) NO, (B) TNF-α, (C) IL-6, and (D) MCP-1. Data are
expressed as the mean±SD of three independent experiments performed in triplicate. *p<0.05, **p<0.01, and ***p<0.001, Student’s t-test,
compared with the negative control (treated with distilled water).
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Results and Discussion

CTP chemical composition analysis

Lycopene contents and nutritional components of tomato

pomace and juice were previously reported (Koh et al., 2015). The

CTP chemical composition from cherry tomatoes is shown in

Table 1. CTP consisted of 65 and 35% of neutral sugars and

uronic acid, respectively. CTP consisted of mainly Ara and Gal,

over 40%, which suggests that CTP might consist mainly of AG

moiety of RG-I, a type of pectic polysaccharide in plant cell wall.

In fact, it is well-known that RG-I is composed by a backbone

with repeating units of rhamnose (Rha) and galacturonic acid

(GalA) and various side chains, such as arbinans, galactans, type I

and/or type II AG (Yapo, 2011). Having determined of Ara and

Gal in CTP, a single radial gel diffusion assay using β-glucosyl

Yariv reagent (βGlcY) was performed. βGlcY specifically reacts

and precipitates with the structure of AG-II, characterizing by a

backbone of β-(1,3)-D-galactan with branch points of 6-linked β-

D-Gal of one, two, or three residues in length, and changed color

to red (Caffall and Mohnen, 2009; Paulsen et al., 2014). AG-II

amounts in CTP were determined using a gum Arabic standard

curve (Fig. 1A). Ara and Gal (total 40.7%) existed in CTP consist

mostly of AG-II (35.4%), namely arabino-β-(3,6)-galactan (Fig.

1B). AG-II-containing polysaccharide has been proved its immuno-

modulatory properties such as the induction of macrophage iNOS

expression and NO production and enhanced cytokines production

for human and murine macrophage (Schepetkin et al., 2005;

Schepetkin and Quinn, 2006). In addition, RG-I content, calculated

as the sum of Ara, Gal, and Rha contents, accounted for 46.0% of

CTP, which explains that CTP are enriched mainly of pectic

polysaccharide and AG-II is a major moiety. A large amount of

uronic acid (35.1%) suggested that CTP is likely to contain quite

a lot of homogalacturonan (HG), another region of pectic

polysaccharide. The bioavailability of tomatoes might be affected

by their processing method, such as enzyme treatment. The use of

multi-enzymatic complexes, such as Viscozyme-L, ruptures the cell

walls and favors the extraction of useful compounds (protein and

sugars) from the vegetable tissues (Dueñas et al., 2007). The

proportions among HG, XG, RG-I, and RG-II are variable in

various pectic polysaccharides from plant cell wall; however,

Fig. 3. mRNA and protein expression levels of iNOS2 and COX-2. Gene expression levels of iNOS2 (A) and COX-2 (B) in CTP-treated
RAW 264.7 cells. Protein expression levels determined by western blot (C) and quantified (D) in CTP-treated RAW 264.7 cells. NC (negative
control) represents distilled water-treated control group and GAPDH was used as an endogenous control. *p<0.05, **p<0.01, and ***p<0.001,
Student’s t-test, compared with the negative control (treated with distilled water).
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typically HG is the most abundant (about 65%), RG-I accounts for

20 to 35%, and XG and RG-II account for under 10% (Harholt et

al., 2010).

Effect of CTP on RAW 264.7 cell viability

CTP had no cytotoxic effect on the cells up to 100 μg/mL. CTP

significantly (p<0.05) increased RAW 264.7 cell viability compared

with the negative control treated with distilled water. The cell

viabilities were 111.2±1.86, 122.9±1.12, 136.3±8.19, and 130.5±2.20

in cells treated with 1, 10, 50, and 100 μg/mL of CTP, respectively,

compared with the negative control (100%).

Effect of CTP on NO and cytokines production

The inflammatory mediator NO produced by phagocytes and

participates in the regulation of various immune responses (Wang

et al., 2009). CTP significantly (p<0.05) increased NO production

in RAW 264.7 cells in a dose-dependent manner (Fig. 2A). NO

levels in cells treated with 1, 10, 50, and 100 μg/mL of CTP

increased 1.0-, 2.3-, 16.4-, and 19.4-fold, respectively, compared

with the negative control. LPS (1 μg/mL), a component of the

gram-negative bacterial cell wall, was used as a positive control.

LPS stimulates NO, COX-2, IL-6, and TNF-α production, which

are activated through nuclear factor-κB (NF-κB) activation in the

inflammatory pathway (Karin, 2009; Karin and Greten, 2005).

Cytokine production is a major indicator of macrophage

activation. CTP treatment significantly increased TNF-α (Fig. 2B),

IL-6 (Fig. 2C), and MCP-1 (Fig. 2D) levels in a dose-dependent

manner. The type of cytokines produced will determine the

macrophage effector function. IL-6 and TNF-α are important

cytokines that are involved in innate immune responses against

pathogens. They can enhance various functional responses and

contribute to the systemic inflammatory effects (Liu et al., 2013).

MCP-1 in macrophages acts as one of the most important

chemokines, which participates in the direct migration of white

blood cells to infected or damaged tissue. Cell motility is a

macrophage characteristic toward antigens, and it contributes to the

inflammation defense process (Tajima et al., 2008). The TNF-α,

IL-6, and MCP-1 concentrations in 100 μg/mL CTP-treated cells

increased 227.8-, 187.5-, and 38.0-fold, respectively, compared with

the negative control. Among the three cytokines, TNF-α level in

the 50 and 100 μg/mL CTP-treated cells were higher than that in

LPS-treated cells. Cytokine generation in this study suggests that

CTP can stimulate innate immunity.

Fig. 4. Western blot analysis of NF-κB (A) and quantified (B) in CTP-treated RAW 264.7 cells and immunofluorescence of the nuclear
translocation of NF-κB (p65) by confocal (C). (a) Negative control, (b) CTP 1 μg/mL, (c) CTP 10 μg/mL, (d) CTP 50 μg/mL, (e) CTP 100 μg/
mL, (f) LPS 1 μg/mL. *p<0.05, **p<0.01, and ***p<0.001, Student’s t-test, compared with the negative control (treated with distilled water).
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Effect of CTP on iNOS2 and COX-2 expression

iNOS2 and COX-2 are important enzymes that mediate inflammatory

processes. NF-κB is known to play a pivotal role in immune and

inflammatory responses through the regulation of genes encoding

pro-inflammatory cytokines, adhesion molecules, chemokines,

growth factors, and inducible enzymes such as COX-2 and iNOS2

(Lawrence et al., 2001). Increase of NO, TNF-α, and IL-6 is also

dependent on activation of the transcription factor NF-κB

(Lawrence and Fong, 2010). NF-κB translocation to the nucleus

results in upregulation of inflammatory cytokines and iNOS2 and

COX-2 mRNA and protein expression. CTP increased expression

levels of iNOS2 (Fig. 3A) and COX-2 (Fig. 3B) genes in a dose

dependent manner compared with the negative control. iNOS2 and

COX-2 protein expression in whole lysate increased in CTP-

treated RAW 264.7 cells (Fig. 3C). iNOS2 expression increased

1.2-, 1.8-, 3.3-, and 4.0-fold in the cells treated with 1, 10, 50, and

100 μg/mL concentration of CTP, respectively, compared with the

negative control (Fig. 3D). COX-2 expression also increased 1.7-,

11.6-, 48.0-, and 69.9-fold in the cells treated with 1, 10, 50, and

100 μg/mL concentration of CTP, respectively, compared with the

negative control (Fig. 3D).

Effect of CTP on NF-κB expression and translocation

to the nucleus

NF-κB protein levels in nuclear lysate considerably increased in

CTP-treated RAW 264.7 cells compared with the negative control

(Fig. 4A). NF-κB levels increased 2.1-, 2.9-, 3.4-, and 2.9-fold in

the cells treated with 1, 10, 50, and 100 μg/mL concentration of

CTP, respectively, compared with the negative control (Fig. 4B).

To confirm NF-κB (p65) nuclear translocation, an immunofluorescence

assay was performed and the images were observed with confocal

microscopy. NF-κB (p65) was mainly translocated to the nucleus

in CTP- or LPS-treated RAW 264.7 (Fig. 4C). These results

demonstrated that CTP induced NF-κB (p65) nuclear translocation.

Effect of CTP on macrophage phagocytosis

Phagocytosis is one of the major processes of the innate immune

response against foreign pathogens and a major mechanism to

remove cellular debris. The ability of the activated RAW 264.7

cells to phagocytose foreign particles was observed by a confocal

microscope using fluorescent IgG-coated latex beads (Fig. 5A).

The mean of fluorescence value in macrophages is directly

proportionally to phagocytic index. The fluorescence intensity

Fig. 5. Phagocytic activity in CTP-treated RAW 264.7 cells was analyzed by confocal microscopy (A) and the activity was quantified

using EZ-C1 software (B). Cells were treated with or without CTP; (a) Negative control, (b) CTP 1 μg/mL, (c) CTP 10 μg/mL, (d) CTP 50 μg/
mL, (e) CTP 100 μg/mL, (f) LPS 1 μg/mL. **p<0.01 and ***p<0.001, Student’s t-test, compared with the negative control (treated with distilled
water).
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increased proportional to the CTP concentration, which suggests

that CTP stimulated phagocytosis in a dose-dependent manner (Fig.

5B). The phagocytic activities increased 0.96-, 1.08-, 2.76-, and

2.80-fold in the cells treated with 1, 10, 50, and 100 μg/mL CTP,

respectively, compared with the negative control.

Conclusion

Cherry tomato polysaccharides (CTP) are enriched mainly of

pectic polysaccharide, and AG-II in RG-I is a major moiety of

CTP. CTP increased production of NO and cytokines, TNF-α,

MCP-1, and IL-6. CTP promoted iNOS2 and COX2 secretion,

caused nuclear translocation of NF-κB (p65), and increased

phagocytic activity, resulting in the increase of immunostimulating

activity. Therefore, CTP could be used as prebiotics to strengthen

immunity.
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