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Eﬀect of alternan versus chitosan on the biological
properties of human mesenchymal stem cells
Thanapon Charoenwongpaiboon,a Kantpitchar Supraditaporn,b Phatchanat Klaimon,b
Karan Wangpaiboon,a Rath Pichyangkura,a Surapol Issaragrisilb
and Chanchao Lorthongpanich *b
Alternan, an a-1,3- and a-1,6-linked glucan, is a polysaccharide that is produced by bacteria. Although
the structure of alternan used in this study, an a-1,3- and a-1,6-linked glucan (hereafter referred to as
alternan), has been comprehensively characterized, its function on cell biology, especially relative to
cell growth and diﬀerentiation, has not been fully elucidated. In this study, we set forth to compare
the eﬀect of alternan versus chitosan on the biological properties of human mesenchymal stem cells
(MSCs). The eﬀect of chitosan on MSC diﬀerentiation has already been well characterized. The treated
cells were determined for cell proliferation and diﬀerentiation capacity compared to untreated cells.
The result showed that treatment by alternan or chitosan increased cell proliferation, as demonstrated
by increased cell number and scratched regions that were fully restored in less time than it took to
fully restore controls. Further investigation found that alternan and chitosan activates the toll-like
receptor (TLR) pathway suggesting that these cells may be prone to diﬀerentiation. In agreement with
this result, an increase in deposited calcium was observed in alternan- or chitosan-treated cells after
osteogenic diﬀerentiation induction. However, adipogenic diﬀerentiation was signiﬁcantly inhibited in
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the presence of chitosan, but no change was observed in alternan treatment. Taken together, these
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results demonstrate biological eﬀects of alternan on human MSCs. Moreover, these novel roles of
alternan may have important beneﬁcial medical applications and may provide a basis from which stem
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cell therapies can be developed in the future.

1. Introduction
Carbohydrate-based materials are widely used in many industries, including food, cosmetic, materials, and pharmacy. Due
to their biocompatibility and biodegradability, carbohydrates
have also been used in several medical applications, including
carbohydrate-based scaﬀolding,1 drug or cell delivery,2–5 vaccine
adjuvants,6 and wound dressing products.7,8 Regarding their
role in cell biology, in addition to carbohydrates serving as
a source of energy and a component of cell structure, carbohydrates also play a role in host immune response by increasing
response against pathogens and foreign cells.9–15 The biological
activities of carbohydrates are largely dependent on their
structure, including factors like branching, linkage type, and
molecular weight.10
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Chitosan is a well-known bioactive long-chain polysaccharide carbohydrate that is most commonly found in crab
and shrimp shells. Chitosan is a bioactive carbohydrate whose
eﬀect on MSC diﬀerentiation has already been well characterized.16–18 Due to its antifungal and bactericidal properties, chitosan is routinely used in medical materials, such as wound
dressing products.8,19–21 However, the use of chitosan in cell
biology research has been limited by the fact that chitosan
cannot be dissolved in culture medium, which usually has
a neutral or mild alkaline pH.
It is known that some bacteria and fungi can produce exopolysaccharides (EPSs), which are bioactive biopolymers.
Glucan is an EPS that is composed of glucose that is covalently
linked by a- or b-glycosidic bonds. The structure of glucan
determines its chemical and physical properties, such as solubility, viscosity, and porosity, as well as its biological activities.
Medical applications of b-glucan have been based on its anticancer, antimicrobial, and immunomodulating activities.9
Concerning cell proliferation, Przekora and Ginaska (2014) reported that addition of b-glucan to biocomposite material
enhanced the eﬃciency of osteoblastic diﬀerentiation.22
We recently reported the synthesis of alternan, which is an aglucan that has alternating a-1,6 and a-1,3 glycosidic linkages,
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from sucrose using alternansucrase (EC 2.4.1.140) from Leuconostoc citreum ABK-01, which was derived from a Thai dessert
called ‘Khao Tom Mud’.23 Briey, Khao Tom Mud is a mixture of
sticky rice, banana, and coconut milk that is wrapped and
steamed in banana leaf. That study revealed that alternan has
physical properties diﬀerent from those of other polysaccharides. For example, the physical appearance of alternan
varies between nanoparticle and gel, depending on its concentration. Moreover, it can form a transparent lm aer dehydration, which is a property that is rarely found in other
glucans.23
MSCs are considered an attractive cell source for stem cell
therapy given their ability to diﬀerentiate into a wide variety of
cell types, including osteocytes, adipocytes, and chondrocytes,
via specic culture conditions. It has been shown that carbohydrate molecules can modulate MSC growth and diﬀerentiation mechanisms. For example, chitin and chitosan hexamer
promote osteogenic diﬀerentiation in MSCs by enhancing the
expression of YKL-40 and TLR3, and by inducing secretion of IL6 and IL-8 cytokines.24 Recently, chitosan was shown to inhibit
adipogenesis in 3T3-L1 cell line,25 and in orbital broblasts in
Graves ophthalmopathy.26 However and to our knowledge, the
biological eﬀects of alternan on animal or human MSCs have
never been demonstrated or reported.
Accordingly, the aim of this study was to compare the eﬀect
of alternan versus chitosan on the biological properties of
human MSCs. The ndings of this study revealed that alternan
has the ability to regulate the biological properties of MSCs,
similar to chitosan. However – in contrast to chitosan, alternan
did not inhibit adipogenic diﬀerentiation. Taken together,
these results demonstrate biological eﬀects of alternan on
human MSCs, and this result could be used as a theoretical
reference to alternan-type glucan for future medical
applications.

2.
2.1

Materials and methods
Alternan preparation

Alternan was produced from sucrose using alternansucrase
derived from Le. citreum ABK-01 (GenBank accession number
KM083061.2).23 Briey, one unit per milliliter of alternansucrase
was incubated with 20% (w/v) sucrose in 50 mM citrate buﬀer
(pH 5.0) at 37  C overnight. The polymer was harvested by
acetone precipitation. The derived white polymer was dialyzed
against deionized water, and then lyophilized. To produce
soluble alternan, 20% (w/v) of the alternan volume was partially
hydrolyzed by ultrasonication (Sonics® Vibra-Cell™ ultrasonic
liquid processor; Sonics and Materials, Inc., Newton, CT, USA)
at 50% power output on ice for 15 minutes. The sonicated
alternan was lyophilized and maintained at 20  C until use.

sodium hydroxide (NaOH) to a nal concentration of 1 N. The
precipitant was washed with deionized water to achieve
a neutral pH. Chitosan precipitant was then washed with
ethanol and acetone, consecutively. Finally, the derived chitosan was dried at room temperature.21
2.3 Isolation and culture of human chorionic mesenchymal
stem cells (MSCs)
This study was approved by the ethics committee of the Siriraj
Institutional Review Board (SIRB) (COA no. Si101/2015), Faculty
of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand. The protocol for this study complied with all statements and principles set forth in the Declaration of Helsinki
and all of its subsequent amendments, the Belmont Report, the
CIOMS guidelines, and the ICH-GCP guidelines. Human chorionic tissue (hCr) was obtained from healthy newborns aer
receiving written informed consent to do so from their mothers.
The hCr was cut into small pieces and incubated with 0.25% (w/
v) trypsin–EDTA (GIBCO™; Invitrogen Corporation, Carlsbad,
CA, USA) for 30 min at 37  C. Cells were collected and washed
with phosphate buﬀered saline (PBS) before being resuspended
with culture medium and plated in culture vessels (Corning
Incorporated, Corning, NY, USA). Cultures were maintained at
37  C in a humidied atmosphere containing 5% CO2. The
culture medium was replaced every other day.
2.4

Human chorion-derived mesenchymal stem cells (hCr-MSCs)
(8000 cells per well) were seeded in 96-well plates and
cultured in complete Dulbecco's Modied Eagle Medium
(DMEM) overnight. Cells were then treated with diﬀerent
concentrations of alternan or chitosan (0, 0.5, 5, 50, or 500 mg
ml1) for 24 hours. Cell viability was determined by 3-[4,5dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT)
assay. Cells were then incubated with MTT reagent at 37  C for 4
hours, followed by the addition of dimethyl sulfoxide (DMSO).
Absorbance was measured at 570 nm using a microplate reader.
2.5

Chitosan preparation

Shrimp chitosan was hydrolyzed with Bacillus licheniformis SK-1
chitinolytic enzymes (chitinase and chitosanase) for 4 hours in
acetate buﬀer (pH 4.5) at 45  C. The hydrolyzed product was
deprotonated and precipitated in a single step by addition of

This journal is © The Royal Society of Chemistry 2019

Cell proliferation assay

MSCs (10 000 cells per well) were seeded in 12-well plates and
cultured in complete DMEM supplemented with diﬀerent
concentrations of alternan or chitosan (0, 0.5, 5, 50, or 500 mg
ml1). At day 1, 4, and 8 of culture, cells were trypsinized and
resuspended in tryphan blue. The number of viable and dead
cells were diﬀerentiated by trypan blue exclusion and counted
by Corning Cell Counter (Corning) using CytoSMART™ soware
(CytoSMART
Technologies,
Eindhoven,
The
Netherlands&ZeroWidthSpace).
2.6

2.2

Cell viability determination

Cell migration

Cell migration was analyzed by scratch wound migration
assay.27 MSCs were plated on 12-well plates and cultured in
complete DMEM until the cells completely covered the wells. To
create the ‘scratch’ region, cells were scratched in a straight line
using a sterile P1000 pipette tip. Debris was removed by
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Primer sequences used for quantitative real-time PCR

Human TLR

Primers

TLR2

50 -TGTGAACCTCCAGGCTCTG-30
50 -GTCCATATTTCCCACTCTCAGG-30
50 -AGCCGCCAACTTCACAAG-30
50 -AGCTCTTGGAGATTTTCCAGC-30
50 -ACAGAAGCTGGTGGCTGTG-30
50 -TCTTTAAATGCACCTGGTTGG-30

TLR3
TLR4

washing once with 1 ml of DMEM. New DMEM was then added
that contained diﬀerent concentrations of alternan or chitosan.
Scratch distance was measured at days 0, 1, and 2 under
inverted microscope using NIS-Elements soware (Nikon
Instruments, Inc., Melville, NY, USA).

2.7

Quantitative real-time polymerase chain reaction (PCR)

Total mRNA from treated and untreated MSCs was extracted
using TRIZOL reagent, aer which 1 mg of RNA was reversetranscribed to cDNA using the High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Inc., Foster City, CA,
USA). Quantitative real-time PCR was performed using Luna®
Universal qPCR Master Mix (New England Biolabs, Inc., Ipswich, MA, USA) in a nal volume of 10 ml. The sequence of the
primers used for qPCR is listed in Table 1. Real-time PCR assays
were performed using a CFX384 Touch™ Real-Time PCR
Detection System (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

2.8

Osteogenic diﬀerentiation

MSCs were plated into 35 mm tissue culture dishes and
cultured in complete DMEM until 90% conuence was achieved
(approximately 5  104 cells). NH OsteoDiﬀ® Medium (Miltenyi
Biotec, Bergisch Gladbach, Germany) supplemented with variousconcentrations of alternan or chitosan was then added to
induce osteogenic diﬀerentiation. Aer 3 weeks of culture, cells
were stained with 40 mM Alizalin Red S (Sigma-Aldrich Corporation, St. Louis, MO, USA) for 20 min at room temperature to
determine the number of MSC-derived osteocytes in culture.
Alizalin Red S staining was quantied by measuring the area of
coloration using ImageJ soware.28
2.9

Adipogenic diﬀerentiation

MSCs were seeded in 6-well plates and cultured in complete
DMEM until 90% conuence was achieved. Adipogenic Diﬀerentiation Medium (NH AdipoDiﬀ® Medium; Miltenyi Biotec)
supplemented with various concentrations of alternan or chitosan was added. The medium was replaced every 2–3 days.
Aer 3 weeks, adipogenesis was determined by Oil Red O
staining according to the manufacturer's instructions (SigmaAldrich Corporation, St. Louis, MO, USA). Quantitative assessment was performed by measuring the amount of Oil Red O
extracted from cells using a spectrophotometer at 510 nm.29
2.10

Statistical analysis

All results are presented as mean  standard error of mean
(SEM). Statistical diﬀerences were tested by one-way analysis of
variance (ANOVA) using SPSS Statistics version 22.0 (SPSS, Inc.,

Alternan isolation and preparation. (A) Synthesis of alternan using recombinant alternansucrase from Leuconostoc citreum ABK-01. (B)
Solubility of alternan in nanoparticle and solution formats. (C) Mole percentage of methylated glucoses in alternan and sonicated alternan
hydrolysate.

Fig. 1
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Eﬀects of alternan and chitosan on MSC viability and proliferation. The viability of MSCs treated with diﬀerent concentrations of (A) soluble
alternan and (B) chitosan was measure by MTT assay. (C) Time course analysis for cell proliferation property after MSCs were treated with
selected concentrations of alternan and chitosan for 1, 4, and 8 days. Each data point is presented as mean  SEM. Asterisk (*) indicates signiﬁcant
diﬀerence between the total cell value of the treated group compared with that of the untreated group (*p < 0.05, **p < 0.01, and ***p < 0.001).
Fig. 2

Eﬀect of soluble alternan and chitosan on MSC migration. (A) Migration analysis was performed by scratch wound healing assay. (B) The
distance between the edges of the scratched region measured by NIS-Elements software. Each data point is presented as mean  SEM (*p < 0.05
vs. untreated group, **p < 0.01 vs. untreated group, and ***p < 0.001).

Fig. 3

This journal is © The Royal Society of Chemistry 2019
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Le. citreum ABK-01 that was derived from a Thai dessert that is
called ‘Kao tom mud’. A transparent biolm can be observed
around the bacterial colonies, which indicates that this
bacterial strain produces an enzyme with transferase activity
(Fig. 1A). Alternansucrase was cloned and expressed by
Escherichia coli under isopropyl b-D-1-thiogalactopyranoside
(IPTG) induction. The yield of derived alternan was approximately 0.15 g g1 sucrose.
Derived alternans are insoluble polymers that usually
form colloidal nanoparticles in aqueous solution. However,
the solubility of alternan can be improved by ultrasonication. This technique produces high-energy ultrasonic
waves stop non-covalent and covalent interactions within
molecules (Fig. 1B). In the case of polymers, ultrasonication
randomly hydrolyzes the covalent linkages of polymers,
which results in many smaller fragments with higher solubility. The structure of sonicated alternan, as evaluated by
linkage analysis,23 was slightly changed compared to that of
the pre-sonicated alternan (Fig. 1C). This resulting soluble
form of alternan facilitated its use in subsequent
experiments.

3.2 Eﬀects of soluble alternan and chitosan on MSC viability
and proliferation

Fig. 4 Expression proﬁle of (A) TLR2, (B) TLR3, and (C) TLR4 of MSCs
untreated and treated with chitosan (5 mg ml1) or soluble alternan (5
and 500 mg ml1). Each data point is presented as mean  SEM (*p <
0.05 vs. untreated group, **p < 0.01 vs. untreated group, and ***p <
0.001).

Chicago, IL, USA). A p-value less than 0.05 was regarded as being
statistically signicant.

3.
3.1

Results
Production of soluble alternans

Alternan was prepared according to the protocol described by
Wangpaiboon, et al., 2018.23 Briey, alternans were synthesized from sucrose using recombinant alternansucrase from

4374 | RSC Adv., 2019, 9, 4370–4379

In order to study the eﬀect of soluble alternan and chitosan on
MSC functions, we rst investigated the contribution of these
saccharides to MSC viability. MSCs were exposed to diﬀerent
concentrations of alternan and chitosan (0, 0.5, 5, 50 and 500 mg
ml1) for 24 hours before MTT assay. As shown in Fig. 2A, the
viability of MSCs exposed to alternan gradually decreased as the
alternan concentration increased. At 500 mg ml1 alternan, the
viability of MSCs was signicantly decreased to 58% compared
to control. In contrast, the viability of MSCs exposed to chitosan
was constant for concentrations of chitosan up to 50 mg ml1
(Fig. 2B). However, cell viability was dramatically decreased
when exposed to 500 mg ml1 chitosan. This result suggests
chitosan to be more toxic to MSCs than alternan at the 500 mg
ml1 concentration. From these results, a 5 mg ml1 concentration of both alternan and chitosan was selected to study the
eﬀect these sugars on the biological properties of human MSCs.
As shown in Fig. 1A, even though the 500 mg ml1 dose of
alternan did not show signicant diﬀerence from the 5 mg ml1
dose relative to cell viability, it is possible that the 500 mg ml1
dose could eﬀectuate diﬀerent proliferation and diﬀerentiation
capacity eﬀects on MSCs. We, therefore, include 500 mg ml1 of
alternan in further experiments.
To determine the eﬀect of alternan and chitosan on cell
proliferation, diﬀerent concentrations of alternan and chitosan
were supplemented into the culture media. Treated cells were
collected on days 1, 4, and 8 of treatment to determine the total
number of cells (Fig. 1C). We found the total cell count to be
signicantly higher in the treatment groups than in the
untreated control groups, especially on day 8. However, no
signicant diﬀerence was observed between the chitosan- and
alternan-treated groups for cell count. This result indicates that
treatment with alternan promotes the same amount of MSC

This journal is © The Royal Society of Chemistry 2019
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Eﬀect of soluble alternan on osteogenic (OD) and adipogenic (AD) diﬀerentiation. (A) Osteogenic diﬀerentiation of MSCs was detected by
Alizarin Red S (ARS) staining, while adipogenic diﬀerentiation was detected by Oil Red O staining. (B) ARS staining was quantiﬁed by measuring the
area of coloration using ImageJ software. (C) Oil Red O staining was quantiﬁed by spectrophotometer at 510 nm. Each data point is presented as
mean  SEM (*p < 0.05 vs. untreated group, **p < 0.01 vs. untreated group, and ***p < 0.001).

Fig. 5

proliferation as treatment with chitosan. There was also no
signicant diﬀerence observed for MSC proliferation between
low- and high-dose alternan.

3.3

Soluble alternan promotes migration of MSCs

The migration of MSCs plays a key role in medical applications, such as tumor-targeted drug delivery. As described
earlier, alternan and chitosan were both found to increase cell
proliferation of MSCs. We, therefore, decided to investigate
whether chitosan and alternan could also induce MSCs
migration. In this study, MSCs migration was determined by
scratch wound healing assay. The results of this investigation
revealed that MSCs treated with soluble alternan or chitosan
completely restored the scratched region within 2 days;
whereas, empty area could still be observed in the scratched
regions of plates cultured with untreated MSCs. This nding
indicates that both alternan and chitosan enhanced migration
of MSCs (Fig. 3B). Taken together, these ndings suggest
alternan and chitosan as having the potential to enhance the
therapeutic eﬀect of MSCs.

This journal is © The Royal Society of Chemistry 2019

3.4 Soluble alternan stimulates toll-like receptor (TLR)
expression in MSCs
Since both soluble alternan and chitosan can promote proliferation and migration of MSCs, we set forth to investigate and
determine which cell proliferation controlling pathway was
aﬀected. It was shown that carbohydrate molecules, including
chitosan, regulate cell proliferation and diﬀerentiation via tolllike receptors (TLRs).24 Therefore, expressions of TLR2, TLR3,
and TLR4 in MSCs treated with soluble alternan or chitosan
were investigated. As shown in Fig. 4A–C, soluble alternan
enhanced the expressions of TLR2, TLR3, and TLR4; whereas,
chitosan enhanced the expressions of only TLR2 and TLR4.
These results suggest that alternan and chitosan activates cell
proliferation via the TLR pathway, and that these cells may be
prone to diﬀerentiation due to the upregulation of TLRs.
3.5 Soluble alternan does not inhibit osteogenic and
adipogenic diﬀerentiation of MSCs
TLR signaling has been shown to play a role in regulating
diﬀerentiation of several cell types, including human neural
stem cells,30 and immunity-related cells like T-cells, B-cells,31,32
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and macrophages.33 In MSCs, Pevsner-Fischer and colleagues
showed that TLRs and their ligands can serve as a regulator of
MSC proliferation and diﬀerentiation.34 However, it has never
been fully demonstrated whether carbohydrate-triggered TLR
signaling could or would aﬀect the maintenance of MSC
multipotency.
In this study, MSCs were subjected to osteocyte and adipocyte diﬀerentiation media supplemented with alternan or chitosan for 3 weeks. As shown in Fig. 5A, all MSC samples could be
diﬀerentiated into osteocytes and adipocytes. Quantitative
analysis revealed that alternan or chitosan treatment slightly
increased osteogenic diﬀerentiation and calcium deposition by
MSCs (Fig. 5B). However, adipogenic diﬀerentiation was
dramatically inhibited in the presence of chitosan, but no
change was observed in the presence of alternan. This nding
indicates that alternan does not inhibit the osteogenic and
adipogenic diﬀerentiation of MSCs.

4. Discussion
Alternan is an exopolysaccharide that can be found in some
microorganism species, including Leuconostoc mesenteroides35
and Leuconostoc citreum.23,36 The physical property of alternan
was recently reported,23 but whether alternan plays a role in the
biological properties of mammalian cells has never been
elucidated. In this study, the function of alternan on mammalian cells was studied using human MSCs as a model. Our
results showed that alternan accelerates MSC proliferation and
migration. Moreover, alternan treatment was found to enhance
diﬀerentiation of MSCs to both osteocytes and adipocytes. Cell
proliferation and migration were both found to be similar when

Table 2

compared between alternan and chitosan. Similar to what has
been reported in other adipocyte cell lines, we found that adding chitosan into the diﬀerentiation medium signicantly
inhibited adipogenic diﬀerentiation of human MSCs.
Previous studies showed that exopolysaccharides derived
from microorganisms play a role in modulating the biological
activities of several cell types, including mutan, which is
a mixed a-1,3 and a-1,6 glucan derived from dental plaque that
can activate osteoclast diﬀerentiation and that can enhance the
expression of proinammatory cytokines in RAW264.7 cells;11
dextran, which is an a-1,6 glucan that can modulate cytokine
expression via TLR4 signaling, and that might play a crucial role
in immune response;10 pullulan, which is an a-1,6-linked maltrotiose unit that induces the expression of proinammatory
cytokines in human pDC-like CAL-1 cell line;37 and, functional
b-glucan, which is a glucan that contains b-1,3 in its backbone,
that has anticancer activity,12 and that can promote the proliferation and diﬀerentiation of C2C12 myoblasts.38 In this study,
we showed that the exopolysaccharide alternan, a-1,3- and a1,6-linked glucan, promotes proliferation, migration, and
diﬀerentiation of human MSCs. Taken together, these results
conrm the role of exopolysaccharides derived from microorganisms in cell biology and reaﬃrm the fact that diﬀerent
structure of glucan could result in diﬀerent biological function
depending on the cellular context (Table 2).
In this study, MSCs treated with alternan or chitosan showed
higher osteogenic diﬀerentiation than untreated MSC controls.
Improvement of osteogenic diﬀerentiation in MSCs by chitin or
chitosan stimulation was previously reported,24 but it is still
unclear regarding how chitosan and alternan induce diﬀerentiation. The activation of TLRs, which are the controlling

Selected example of glucan from diﬀerent sources grouped according to structure, type and biological activity

Glucan name/structure

Source

Animal/cell type

Biological activity

Reference

Alternan/(a-1,3)(a-1,6)-Dglucan

Synthesis

Human mesenchymal stem cell

This work

b-Glucan/(b-1,3)(b-1,4)-Dglucan

Barley

Mouse C2C12 myoblast cell

38 Mutan/(a-1,3)-D-glucan
in
main chain with some a1,6 in
side chain
Dextran/((a-1,6)-D-glucan)
(a-1,6)-D-glucan

Streptococcus
mutant

RAW264.7 cells

Increase cell proliferation
Increase cell migration
Increase the expression of TLR2, TLR3 and TLR4
Enhance osteogenic diﬀerentiation
Increase cell proliferation
Increase cell diﬀerentiation
Decrease the brotic process
Increase osteoclast diﬀerentiation
Enhance alveolar bone loss in rat maxillae
Increase expression of IL-1b, IL-1a, IL-6, and
chemokine ligands

Synthesis
Ipomoea batatas
(root)

Primary macrophages from rats
KM mice; YAC-1 cells

Increase TNFa, IL-6 and nitric oxide
Increase proliferation of spleen cells
Increase NK cell cytotoxicity
Increase phagocytic function of MO
Increase hemolytic activity
Increase serum IgG
Activate NK cells, T and B cells
complement activation Th1 pathway-associated
prole
Increase the expressions of type
IFN-a, IFN-b1, TNF-a, IL-6 and IL-23

10
14

(a-1,6)-Branched, (a-1,4)-D- Tinospora
glucan
cordifolia

Human lymphocytes; human
complement kits

Pullulan/a-1,6-linked
maltrotiose

Human pDC-like CAL-1 cell line

Unknown
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pathways for proliferation and diﬀerentiation, was observed in
treated cells, and this may suggest that the activation of TLRs by
alternan or chitosan induces MSCs to diﬀerentiate to osteocytes. This result corresponds with those of previous studies
that found that activation of TLR2, TLR3, and TLR4 in MSCs
aer being induced by specic agonists [poly (I:C) or LPS] led to
increased osteogenic diﬀerentiation capacity.34,39–41
The present study found adipogenic diﬀerentiation of MSCs
not to be aﬀected by alternan treatment; however, such diﬀerentiation was signicantly decreased in the chitosan-treated
group. The inhibitory eﬀect of chitosan on adipogenesis was
found in 3T3-L1 adipocyte cell line.25 However, to the best of our
knowledge, the negative eﬀect of chitosan on adipogenic
diﬀerentiation of human MSCs has never been reported.
Although the upregulation of TLRs is involved in cell diﬀerentiation, it was shown that TLR expression does not aﬀect adipogenic diﬀerentiation of MSCs.39–42 Therefore, the underlying
mechanism of alternan and chitosan on adipogenic diﬀerentiation of MSCs requires further elucidation.

5.

Conclusion

The results of this study demonstrated that alternan has an
ability to promote the proliferation, migration, and diﬀerentiation of human MSCs. A similar nding was found in chitosan
treatment, except that chitosan inhibited adipogenic diﬀerentiation. These biological properties may be enhanced by an
increase in TLR expression that is caused by alternan or chitosan treatment. These results clearly demonstrate the novel
functions of alternan in human MSCs, and they may help to
accelerate the development of novel stem cell therapies.
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