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myeloma cell line in vitro
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Abstract We found that strawberry (Fragaria x

ananassa) extract has an IgE production suppressive

activity and its oral administration improved skin

manifestation in atopic dermatitis model mice. In

present study, we identified an active substance using

the IgE-producing human myeloma cell line U266.

Gel filtration experiment indicated that the IgE

suppressor was more than 6 kDa in molecular size.

In addition, its pectinase treatment inhibited the

activity, suggesting that the active substance in

strawberry extract is pectin. Among solutions of

water-(WP), hexametaphosphate-(HXP), acid-(HP)

and alkali soluble pectin (OHP) extracted from

strawberry, only OHP suppressed IgE production,

and their suppressive activity was cancelled by

pectinase treatment. In addition, OHP extracted from

apple also inhibited IgE production. Furthermore,

OHP also suppressed IgE production and did not affect

IgG and IgM production in human peripheral blood

mononuclear cells in an in vitro immunization

condition. From these results, we concluded that

OHP was an IgE suppressor in strawberry extract.

Keywords IgE � Allergy � Strawberry � Pectin �
U266 � PBMC

Abbreviations

AIS Alcohol-insoluble residue

BSA Bovine serum albumin

ELISA Enzyme-linked immunosorbent assay

FBS Fetal bovine serum

FceRI High-affinity IgE receptor

GATA3 GATA binding protein 3

HP Acid-soluble pectin

HRP Horseradish peroxidase

HXP Hexametaphosphate-soluble pectin

IFN Interferon

Ig Immunoglobulin

IL Interleukin

IVI In vitro immunization

MDP Muramyl dipeptide

OHP Alkali-soluble pectin

PBMCs Peripheral blood mononuclear cells

PBS Phosphate buffered saline

Th Helper T

WP Water-soluble pectin
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Introduction

Strawberry (Fragaria x ananassa) is one of the most

widely consumed fruits in either fresh or processed

forms such as juice, puree and jam in the world. It

possesses remarkably nutritional compositions such as

vitamin C and folates, and non-nutrient element such

as anthocyanins, flavonols, ellagic tannin and cin-

namic acid (Aaby et al. 2007a, b; Giampieri et al.

2012). It has also some beneficial effects such as anti-

allergic activity, antioxidative activity, anticancer

activity, inhibitory effect of cardiovascular disease

risk and cognitive decline (Choi and Yan 2009;

Devore et al. 2012; Giampieri et al. 2014; Park et al.

2007; Ninomiya et al. 2010; Zhang et al. 2008).

Among them, anti-allergic effect is attracted much

attention because allergies such as allergic asthma,

rhinitis and atopic dermatitis are increasing all over

the world (Johansson et al. 2004).

It is well known that IgE plays a critical role in

acute hypersensitivity reactions. IgE binds to the high-

affinity IgE receptor (FceRI) on mast cells and

basophils. Cross-linking of IgE bound to FceRI with
allergen induces the release of inflammatory media-

tors such as histamine and leukotriene (Corry and

Kheradmand 1999; Gould and Sutton 2008; Galli and

Tsai 2012). Thus, IgE triggers allergic symptoms. A

number of studies show that IgE production in B cells

is induced by some cytokines such as IL-4 and IL-13

which is secreted by type 2 T (Th2) cells, and type 1 T

(Th1) cells do not provide help for IgE synthesis

(Romagnani 1992). Th1 and Th2 cells are differenti-

ated from CD4? T cells by expression of the master

regulator, T-bet and GATA3, respectively (Kanhere

et al. 2012; Skapenko et al. 2004). These findings

strongly suggest that Th2 lead to allergic reactions

through the induction of IgE production in B cells.

Therefore, the suppression of IgE and Th2 differen-

tiation is key to the palliation of allergic symptoms.

There are some reports on anti-allergic activity of

strawberry components. Choi and Yan (2009) reported

that ellagic acid, which is rich in strawberry, attenuated

IgE mediated degranulation in vitro and in vivo, and

Ninomiya et al. (2010) showed that linocinnamarin and

cinnamic acid inhibited antigen-stimulated degranula-

tion thorough the inactivation of spleen tyrosine kinase

(Syk)/phopholipase Cc (PLCc) pathways in rat baso-

philic leukemia RBL-2H3 cells. We also found that

some species of strawberry extracts suppressed IgE

production and decreased the expression level of

GATA3 in human peripheral blood mononuclear cells

(PBMCs) in an in vitro immunization (IVI), and its oral

administration inhibited IgE level in sera and improved

the skin manifestation in atopic dermatitis model mice

NC/Nga (Iwamoto et al. 2013). In addition, we have

showed that one of the IgE suppressors in strawberry is

glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

in vitro (Iwamoto et al. 2012). However, anti-allergic

activity of strawberry was not fully understood yet. In

recent study, we found that strawberry extract sup-

pressed IgE production in human myeloma cell line

U266, whereas the suppressive effect was not due to

GAPDH. These findings suggested that strawberry has

some IgE suppressors other than GAPDH.

In present study, based on the results of IgE

suppressive effect in U266, we purified an IgE

suppressor derived from strawberry extract, and

identified alkali-soluble pectin as a novel suppressor.

Materials and methods

Sample preparation

‘Toyonoka’ strawberry (Fragaria x ananassa) was

purchased in Fukuoka prefecture, Japan and homog-

enized after the addition of equal weight of phosphate

buffered saline (PBS) to extract components. The

homogenate was centrifuged at 9400g at 4 �C for

60 min, the supernatant was filtrated through a

0.22 lm membrane (Millipore, Billerica, CA, USA)

and used as the strawberry extract.

To investigate the molecular size of active sub-

stance, strawberry extract was separated by gel

filtration using Econo-Pac 10 DG column (Bio-Rad,

Hercules, CA, USA). Column was equilibrated with

20 mL of PBS and 3 mL of strawberry extract was

added to it. The eluents were collected in fraction of

4 mL by the addition of PBS.

To evaluate the effect of heat-treatment, strawberry

extract was heated at 100 �C for 10 min. To examine

the trypsin and pectinase sensitivity, 100 lL of

strawberry extract and fraction 1 were treated with

410 U of trypsin from porcine pancreas (Sigma, St.

Luis, MO, USA) at 37 �C for 3 h or 57 U of pectinase

from Aspergillus niger (Sigma) at 25 �C for 3 h. The

IgE production suppressive activity of these samples

was examined by using U266 cells.
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Extraction of pectin solutions from strawberry

The extraction of strawberry pectin solutions was

performed according to the method reported by

Rombouts and Thibault (1986) and Rnard et al.

(1990) with some modifications. Briefly, the sliced

strawberry was boiled with four times volume of

99.5% of ethanol for 15 min and slurry was collected

by filtration. The slurry was fractionated in 70%

ethanol and washed with 70% ethanol until the filtrate

gave negative reaction in the phenol–sulfuric acid

method. The residue was washed in the order of 70%,

80%, 90%, 99% ethanol and then with diethyl ether,

and dried at room temperature. This residue was used

as alcohol-insoluble residue (AIS). To extract water-

soluble pectin (WP), AISwas stirredwithwater at 4 �C
for 12 h and the supernatant containing WP was

collected by filtration. The slurry was washed with

water until the filtrate gave negative reaction in

phenol–sulfuric acid test, and stirredwith 0.4% sodium

hexametaphosphate at room temperature for 2 h. The

supernatant containing hexametaphosphate-soluble

pectin (HXP) was collected by centrifugation at

9400g for 30 min. To extract acid-soluble pectin

(HP), residue was washed with water until the sugar

was not detected by phenol–sulfuric acid test, and

boiled in 0.05 N hydrochloric acid for 1 h, then cooled,

the supernatant was collected by centrifugation at

9400g for 30 min. The slurry was washed until the

sugar was not detected, stirred with 0.05 N sodium

hydroxide for 30 min at 4 �C, and supernatant con-

taining alkali-soluble pectin (OHP) was collected by

centrifugation at 9400g for 1 h. The extracted pectin

was concentrated by ultrafiltration using 3 kDa cut

membrane (Millipore). The total sugar content was

determined by the phenol–sulfuric method.

Protein assay

The protein concentration was measured by using

BIO-RAD protein assay (Bio-rad) with BSA as a

standard.

Cell and cell culture

2.0 9 105 cells/mL of humanmyeloma cell line U266

were cultured in the 10% fetal bovine serum (FBS,

Thermo, Waltham, MA, USA) containing RPMI1640

medium (Thermo) with or without prepared samples at

37 �C under humidified 5% CO2–95%. After 3 days,

IgE concentration in the supernatant was measured by

an enzyme-linked immunosorbent assay (ELISA).

Human peripheral blood mononuclear cells

(PBMCs) were separated from heparinized human

blood of healthy donors by using Ficoll-Paque Plus

(GE Healthcare, Uppsala, Sweden). The separated

cells were stored at- 85 �C in deep freezer. Informed

consent from all healthy volunteers was obtained in

accordance with the Declaration of Helsinki. To

investigate the effect of sample on immunoglobulin

production, in vitro immunization (IVI) was per-

formed as described by Kawahara et al. (2000).

Human PBMCs were cultured at 1.0 9 106 cells/mL

in the 5% FBS and 10% human plasma containing

E-RDF medium (Kyokuto Pharmaceuticals, Tokyo,

Japan) supplemented with 10 ng/mL of recombinant

human IL-4, IL-6 (R&D systems, Minneapolis, MN,

USA), 10 lg/mL of muramyl dipeptide (Sigma) and

100 ng/mL of the cedar pollen allergen Cry j 1

(Hayashibara, Okayama, Japan) with or without

prepared samples. After 10 days, total Ig concentra-

tion in the supernatant was measured by ELISA.

Measurement of IgE antibodies

Total IgE concentration in culture medium was

measured by sandwich ELISA. Ninety-six well

microplates were coated with anti-human IgE (Bio-

source, Camarillo, CA, USA) diluted with PBS. The

antibody-coated wells were blocked with 1.0% BSA/

PBS, and then, each sample was added to them. After

washing with 0.05% Tween 20 containing PBS

(TPBS) three times, biotin-conjugated anti-human

IgE antibody (Biosource, Camarillo, CA, USA) and

horseradish peroxidase (HRP)-conjugated streptavidin

(Vector laboratories, Burlingame, CA, USA) were

added to them. After washing with TPBS three times, a

substrate solution (0.1 M citrate buffer (pH4.0) con-

taining 0.003% H2O2 and 0.3 mg/mL p-2, 20-azino-
di(3-ethylbenzothiazoline-6-sulphonic acid) diammo-

nium salt) was added to them. Total IgG and IgM was

detected by using anti-human IgG, IgM (Biosource)

and anti-human IgG, IgM HRP conjugated (Bio-

source). After 15 min, the absorbance at 415 nm was

measured by a microplate reader (Bio-Rad).
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Fig. 1 Effect of strawberry extracts on IgE production in U266

cells. U266 cells were cultured in 10% FBS containing

RPMI1640 for 2 days. a The amounts of IgE in U266 cells

were measured by ELISA. b Cell viability was measured using

Cell counting kit-8. As a control, PBS only was added to the

medium. The result showed the average value of three

independent measurements. Data are means ± SEM (n = 3).

Statistically significant differences from control were repre-

sented as *p\ 0.05, **p\ 0.01

Fig. 2 Effect of

fractionated strawberry

extracts on IgE production

in U266 cells. U266 cells

were cultured in 10% FBS

containing RPMI1640 for

2 days. Strawberry extract

was fractionated by gel

filtration. a The amounts of

IgE in U266 cells were

measured by ELISA. As a

control, PBS only was added

to the medium. The

fractionated strawberry

extracts were added to the

medium at a final

concentration of 5% (v/v).

b Protein and sugar

concentration in strawberry

extract. ND Not detected.

The result showed the

average value of three

independent measurements.

Data are means ± SEM

(n = 3). Statistically

significant differences from

control were represented as

*p\ 0.05, **p\ 0.01,

***p\ 0.001
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Statistics

Data obtained are expressed as the means ± SEM.

One-way ANOVA was used to assess the statistical

significance of the difference against the control. Each

value of *p\ 0.05, **p\ 0.01 and ***p\ 0.001

was considered to be statistically significant.

Results and discussion

Effect of strawberry extract on IgE production

of U266 cells

At first, the effect of strawberry extract on IgE

production in U266 cells was examined. U266 cells

were cultured in 10% FBS containing RPMI1640

medium with various concentrations of ‘Toyonoka’

strawberry extract. As shown in Fig. 1a, strawberry

extract suppressed IgE production in a dose-dependent

manner. Significant differences were observed at 3%

or higher concentration of extract. The IgE suppres-

sive effect of strawberry extract was not caused by

cytotoxicity (Fig. 1b). We reported that GAPDH in

strawberry is one of the IgE suppressors in human

PBMCs in IVI condition (Iwamoto et al. 2012),

whereas GAPDH did not decrease IgE production in

U266 cells (data not shown). These results suggest that

strawberry extract includes the IgE suppressors other

than GAPDH.

Next, to investigate the molecular size of an IgE

suppressor, the effect of gel filtration fractions of

strawberry on IgE production was evaluated. As the

result, fraction 1 and 2 significantly suppressed IgE

production in U266 cells and in particular, fraction 1

decreased IgE production more strongly than fraction

2 (Fig. 2a). The molecular size of fraction 1 was more

than 6 kDa, and included proteins and saccharides

(Fig. 2b). Therefore, it was suggested that an IgE

suppressor in strawberry extract is high molecular size

component such as proteins and polysaccharides.

Furthermore, to examined the properties of an

active substance, the effect of strawberry extract

heated at 100 �C for 10 min on IgE production was

investigated. As shown in Fig. 3, heat-treated straw-

berry extract also decreased IgE production and there

was not significantly different between the non- and

heat-treated extract, indicating that the active sub-

stance is stable to heat.

Then, the effect of trypsin and pectinase treated

strawberry extract and fraction 1 on IgE production

was examined. As shown in Fig. 4a, trypsin treatment

did not affect IgE suppression in strawberry extract,

but rather promoted it in fraction 1. This result

suggests that trypsinized proteins in fraction 1 may

have a possibility to suppress IgE production in U266

cells. In Fig. 4b, pectinase treatment significantly

cancelled IgE suppression in strawberry extract and

fraction 1. But, its rate of strawberry extract was small

when compared with fraction 1, suggesting that low

molecular fraction in strawberry extract may contain

certain water-soluble pectinase inhibitor. From these

results, it was considered that pectin was an IgE

suppressor that was abundantly contained in

strawberry.

The effect of pectin on IgE production in U266

cells

Pectin was further fractionated as shown in Fig. 5a,

and then the effect of water-(WP), hexametaphos-

phate-(HXP), acid-(HP) and alkali-soluble pectin

(OHP) solution on IgE production in U266 cells was

Fig. 3 Effect of heat-treated strawberry extract on IgE pro-

duction in U266 cells. U266 cells were cultured in 10% FBS

containing RPMI1640 for 2 days. The amounts of IgE in U266

cells were measured by ELISA. As a control, PBS only was

added to the medium. Strawberry extract was added to the

medium at a final concentration of 5% (v/v). The result showed

the average value of three independent measurements. Data are

means ± SEM (n = 3). Statistically significant differences

from control were represented as *p\ 0.05, **p\ 0.01,

**p\ 0.001
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examined. OHP suppressed IgE production, whereas

WP, HXP and HP did not suppress IgE production

without the decrease of cell viability (Fig. 5b,c). In

addition, OHP extracted from ‘Sanfuji’ apple also

decreased IgE production. Furthermore, the IgE

suppressive activities of OHP fraction from strawberry

and apple were cancelled by the pectinase treatment

(Fig. 6). We considered that the difference of cancel-

lation rate between strawberry and apple OHPs was

due to their pectinase sensitivity based on pectin

structure. These results suggest that alkali-soluble

pectin is one of the IgE suppressors in strawberry.

The effect of alkali-soluble pectin solution

on immunoglobulin production in human PBMCs

The effect of OHP on immunoglobulin productions in

human PBMCs was examined. As shown in Fig. 7,

strawberry and apple OHP markedly suppressed IgE

production and did not affect IgG and IgM production

in human PBMCs under IVI condition. Therefore, it is

suggested that the suppressive effect of OHP acts only

the IgE production.

Sakurai et al. (1996) reported that the orally

administrated pectin was detected in the liver and

peyer’s patch in mice, suggesting the dietary pectin

was transferred to blood. Many studies have shown

that the water-soluble pectin is an important material

for the activation and normalization of intestinal

immunity. It is reported that the serum IgE level in the

water-soluble pectin fed rats was lower than that of the

cellulose and chitosan fed rats whereas its IgA, IgG

levels were higher (Lim et al. 1997). In addition, the

dietary pectin enhanced production of IgA, IgG and

IgM in mesenteric lymph node (MLN) lymphocytes,

while reduced IgE production (Lim et al. 2002). Their

productions of IFN-c and TNF-a in the water-soluble

pectin fed rats were increased and the rate of IL-2

receptor positive cell population was significantly

higher than that of the cellulose fed rats, suggesting the

immunoglobulin modulating effect of pectin was

Fig. 4 Effect of strawberry extracts treated by enzyme on IgE

production in U266 cells. U266 cells were cultured in 10% FBS

containing RPMI1640 for 2 days. The amounts of IgE in U266

cells were measured by ELISA. a Effect of trypsinized

strawberry extract on IgE production. b Effect of pectinase

treated strawberry extract on IgE production. As a control,

enzyme only was added to the medium. Samples were added to

medium at a concentration of 5% (v/v). The result showed the

average value of three independent measurements. Data are

means ± SEM (n = 3). Statistically significant differences

from control were represented as *p\ 0.05, **p\ 0.01,

***p\ 0.001. N.S. Not significant

cFig. 5 Effect of pectin extracted from strawberry and apple on

IgE production. U266 cells were cultured in 10% FBS

containing RPMI1640 for 2 days. The amounts of IgE in

U266 cells were measured by ELISA. a Flow chart of pectin

extraction from strawberry. b IgE concentration. c Viable cell.

As a control, each solvent only was added to the medium. WP

water-soluble pectin, HXP hexametaphosphate-soluble pectin,

HP acid-soluble pectin, OHP alkali-soluble pectin. The result

showed the average value of three independent measurements.

Data are means ± SEM (n = 3). Statistically significant differ-

ences from control were represented as *p\ 0.05, **p\ 0.01,

***p\ 0.001
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mediated by the Th1 cell activation. However, there is

no report about the immunological function of pectic

polysaccharide except water-soluble pectin. Then, we

examined WP, HXP, HP and OHP solutions extracted

from strawberry and apple. As the results, OHP

suppressed IgE production in U266 cells, whereas

WP, HXP and HP did not affect. Inari and Takeuchi

(1997) showed that total sugar of their pectin fractions

extracted from ‘Houkouwase’ strawberry was WP

25.9%, HXP 15.2%, HP 40.5% and OHP 18.4%, and

the molecular size of OHP was approximately 10 kDa,

while WP, HXP and HP was 1000 kDa, 1000 kDa,

300 kDa, respectively. In addition, the rate of galac-

turonic acid in OHP was lower than other fractions,

whereas total neutral sugar rate was higher than them.

The pectin molecule consists mainly of galacturonic

acid and neutral sugar such as rhamnose, arabinose,

xyrose, mannose, galactose and glucose (Darvill et al.

1978). Among them, the rate of arabinose and

galactose in alkali-soluble pectin was higher than

others in ‘Senga sengana’ strawberry (Legentil et al.

1995). From these finding, the IgE production sup-

pressive activity of OHP may be caused by its

structural difference such as molecular size and sugar

constituent.

In conclusion, we reported here that strawberry

extract suppressed IgE production in U266 cells and

its IgE suppressor was alkali-soluble pectin. However,

further study is needed to reveal the underlying

mechanism in its activity. At present, some allergic

symptoms were treated by anti-allergic drugs that

inhibit the release and activity of chemical mediators,

but they occasionally occur harmful side effect. This

study may be useful for the development of functional

foods that are able to improve the allergic manifesta-

tion or keep the physical condition.

Fig. 6 Effect of pectinase treated OHP on IgE production.

U266 cells were cultured in 10% FBS containing RPMI1640 for

2 days. The amounts of IgE in U266 cells were measured by

ELISA. As a control, PBS only was added to the medium. OHP

was added to medium at the concentration of 15 lg/mL. The

result showed the average value of three independent measure-

ments. Data are means ± SEM (n = 3). Statistically significant

differences from control were represented as *p\ 0.05,

**p\ 0.01, ***p\ 0.001

Fig. 7 Effect of OHP on Ig productions in human PBMCs.

Human PBMCs were cultured in 10% human plasma and 5%

FBS containing E-RDF medium supplemented with IL-2, -4, -6,

MDP and Cry j 1 for 10 days. As a background of IgE, medium

without cells was set up. As a control, PBS only was added to the

medium. Strawberry and apple OHP were added to the medium

at a final concentration of 5 lg/mL. The result showed the

average value of three independent measurements. Data are

means ± SEM (n = 3). Statistically significant differences

from control were represented as *p\ 0.05, **p\ 0.01,

***p\ 0.001
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