
Central
Bringing Excellence in Open Access



 Journal of Chronic Diseases and Management

Cite this article: Yamada A, Ishikawa S, Ohtaki A, Asano K (2016) Influence of Glucosamine Hydrochloride on Periostin Production by Synoviocytes from Knee 
Osteoarthritis In vitro. J Chronic Dis Manag 1(1): 1003.

*Corresponding author
Kazuhito Asano, 1865 Touka-Ichiba, Midori-ku, 
Yokohama 226-8555, Japan, Tel: 8145 9856538; Fax: 
8145 9857583; Email:  

Submitted: 26 August 2016

Accepted: 15 September 2016

Published: 17 September 2016

Copyright
© 2016 Asano et al.

  OPEN ACCESS  

Keywords
•	Glucosamine hydrochloride
•	Osteoarthritis
•	Synoviocyte
•	Periostin
•	Suppression

Research Article

Influence of  Glucosamine 
Hydrochloride on Periostin 
Production by Synoviocytes 
from Knee Osteoarthritis In 
vitro
Asako Yamada1, Shintaro Ishikawa2, Amane Ohtaki1, and 
Kazuhito Asano3*
1Graduate School of Health Sciences, Showa University Graduate School, Japan
2Department of Physiology, School of Medicine, Showa University, Japan
3Division of Physiology, School of Nursing and Rehabilitation Sciences, Showa 
University, Japan

Abstract

Objective: The present study was designed to examine the influence of glucosamine 
hydrochloride (GH) on the ability of synoviocytes to produce periostin, which is the 
important effector molecule in the development of osteoarthritis (OA), in response to 
IL-13 stimulation in vitro. 

Methods: Synoviocytes (1 x 105 cells/ml) derived from an OA patient were 
stimulated with 10.0 ng/ml IL-13 in the presence of various concentrations of GH for 
48 h. The levels of periostin in culture supernatants was examined by human periostin 
ELISA test kits. To examine the influence of GH on transcription factor, signal transducer 
and activator of transcription factor 6 (STAT6), activation and periostin mRNA 
expression, synoviocytes (1 x 105 cells/ml) were also cultured in a similar manner for 
12 and 24 h, respectively. 

Results: Addition of GH into cell cultures caused the suppression of IL-13-induced 
periostin production from synoviocytes. The minimum concentration that caused 
significant suppression of periostin production was 1.0 µg/ml. GH at more than 1.0 
µg/ml also inhibited STAT6 activation and periostin mRNA expression, which were 
increased by IL-13 stimulation in synoviocytes. 

Conclusion:  These results strongly suggest that GH favorably modify the 
clinical condition of OA patients through the suppression of periostin production from 
synoviocytes after IL-13 stimulation.

ABBREVIATIONS
OA: Osteoarthritis; GH: Glucosamine Hydrochloride; SG: 

Synoviocyte Growth; STAT6: Signal Transducer and Activator 
of Transcription Factor 6; RT-PCR: Reverse Transcription-
Polymerase Chain Reaction; NO: Nitric Oxide

INTRODUCTION
Knee osteoarthritis (OA) is the most common musculoskel-

etal diseases affecting millions of elderly people [1]. It frequently 
causes joint pain, tenderness, functional limitation and joint 
swelling, resulting in a social and economic burden [1]. Although 

the pathogenesis of OA is generally believed to be involved the 
complex interaction of mechanical stress, oxidative damage, 
and the catabolic-anabolic balance of the joint, synovium and 
matrix [2,3], the precise mechanisms of OA development are 
not fully understood. The current several treatments are avail-
able for OA ranging from the conservative to surgical extremes. 
Conservative measures involve physical therapy and pharmaco-
logical treatment with non-steroidal anti-inflammatory drugs, 
acetaminophen and intra-articular injection of hyaluronic acid 
[2,4]. These therapies are frequently used for the treatment of 
mild- and moderate-OA patients and results in reducing clini-
cal symptoms such as pain and stiffness [2,4]. In contrast, irre-
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versible joints disability in sever-OA patients requires surgical 
replacement of the affected joints [4]. Several long-term clinical 
trials in OA have shown that oral administration of glucosamine 
hydrochloride (GH) and chondroitin sulfate favorably modify the 
clinical conditions of the disease such as pain, stiffness and joint 
swelling [5, 6]. It is also reported that these two agents inhibit 
joint space narrowing and OA progression [7]. Moreover, oral 
administration of GH at a single dose of 1000 mg/kg/day for 8 
weeks into OA model rats significantly inhibits the development 
of erosive and degenerative changes in knee joints induced by an-
terior cruciate ligament transection [4]. Although the therapeutic 
mode of action of these two agents are speculated to be owing to 
chondro protective effect through inhibition of metalloprotein-
ase activity, prostaglandin biosynthesis, and type II collagen deg-
radation [4,5], the precise therapeutic mechanisms of these two 
agents are not well defined. 

Periostin, an extracellular matrix protein, is secreted from 
various types of cells such as epithelial cells and fibroblasts after 
IL-4/IL-13 stimulation [8,9]. Periostin participates in normal 
physiological activities but also involved in pathophysiological 
process in vascular diseases, wound repair, tumorgenesis and 
metastasis [10,11]. Periostin is also reported to play essential 
roles in the development of airway inflammatory diseases such 
as asthma, allergic rhinitis and atopic dermatitis [8,12].In regard 
to periostin on OA, it is reported that periostin mRNA expression 
and periostin protein levels are increased in the matrix of 
denatured cartilage and subchondral bone in experimental animal 
models of OA [13,14]. Furthermore, synovial fluids obtained 
from OA patients contained much higher levels of periostin and 
its concentration gradually increases along with OA progression 
[15]. Immunohistochemical analysis of OA knee tissues revealed 
the presence of periostin in chondrocytes and lacuna located near 
the erosive area, which are positively correlated with severity of 
cartilage degeneration [16]. Although the function of periostin 
on the development of OA is not fully understood, these reports 
strongly suggest that periostin plays crucial roles in pathogenesis 
of OA. The present study, therefore, was undertaken to examine 
the influence of GH on periostin production from synoviocytes 
using an in vitro cell culture technique.

MATERIALS AND METHODS
Reagents 

GH, purchased from SIGMA-Aldrich Co. Ltd. (St Louis, MO, 
USA) was dissolved in Synoviocyte Growth (SG) Medium (Cell 
Applications, Inc., San Diego, CA, USA) at a concentration of 1.0 
mg/ml, sterilized by passing through 0.2 µm filters and stored at 
4OC until used. Recombinant human IL-13 was purchased from 
R & D Systems, Inc. (Minneapolis, MN, USA) as preservative free 
pure powders. IL-13 was also dissolved in SG Medium, sterilized 
and stored at 4OC until used. The reagents used for mRNA 
isolation (TaqMan Gene Expression Cells-to-CtTM) and real-
time reverse transcription-polymerase chain reaction (RT-PCR; 
TaqMan Gene Expression Assays) were purchased from Applied 
Biosystems (Foster City, CA, USA). The primers used for periostin 
mRNA expression was purchased from Applied Biosystems 
(ID: Hs01566734_m1) and 18S ribosomal RNA used as a house 
keeping gene was also purchased from Applied Biosystems (ID: 
Hs99999901s1).

Cell culture 

Human synoviocytes (HFLS-OA) obtained from the inflamed 
synovial tissues of an OA patient (Cell Applications, Inc., San 
Diego, CA, USA) was suspended in SG Medium at a concentration 
of 1 x 105 cells/ml and used as a target cell. To examine the 
influence of IL-13 on periostin production from HFLS-OA, 1 x 
105 cells (1.0 ml) were introduced into 24-well culture plates in 
triplicate and stimulated with various concentrations of IL-13 in 
a final volume of 2.0 ml. After 48 h, culture supernatants were 
collected and stored at -40OC until used. In a case of examining 
time course of IL-13-induced periostin production, HFLS-OA at 1 
x 105 cells/ml was stimulated with 10.0 ng/ml IL-13 and cultured 
in similar manner. Culture supernatants were collected 24, 48 
and 72 h after stimulation and stored at -40OC until used. To 
prepare cells for examining the influence of GH on transcription 
factor, signal transducer and activator of transcription factor 6 
(STAT6), activation and periostin mRNA expression in HFLS-OA 
after IL-13 stimulation, 1 x 105 cells (1.0 ml) were introduced into 
each well of 24-well culture plates in triplicate. The cells were 
then stimulated with 10.0 ng/ml IL-13 in the presence of various 
concentrations of GH in a total volume of 2.0 ml for 12 and 24 h, 
respectively. In all experiments, GH was added to cell cultures 2  
h before stimulation.

Assay for periostin

Periostin levels in culture supernatants were examined in 
duplicate by commercially available human periostin ELISA 
test kits (Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA) 
according to the manufacturer’s instructions. The minimum 
detectable level of this ELISA kit was 0.027 ng/ml.

Assay for STAT6 activation

STAT6 activity in cultured cells was analyzed by examining 
the levels of phosphorylated STAT6 with ELISA test kits (Abcam 
plc.,Cambridge, MA, USA) according to the manufacturer’s 
recommended procedures.

Assay for periostin mRNA expression

mRNA expression for periostin in cultured cells was examined 
by real-time RT-PCR. Total RNA was isolated from 1 x 105 cells 
using 50 μL of a lysis solution (P/N4383583) after incubation 
for 2 h at 37°C. Each sample of total RNA was subjected to RT 
using a 20x RT enzyme mix (P/N 4383585) and a 2x RT buffer 
(P/N43833586) with a T100 thermal cycler (Bio-Rad Co., 
Hercules, CA, USA). After the RT reaction, the cDNA templates 
were amplified by PCR using TaqMan Gene Expression Assays, 
PCR primers and RT master mix (P/N 4369016). Predesigned 
and validated gene-specific TaqMan Gene Expression Assays [17-
19] were duplicated for quantitative RT-PCR, according to the 
manufacturer’s protocols. PCR assays were conducted as follows: 
10 min denaturation at 95°C, 40 cycles of 15s, denaturation 
at 95°C, and 1 min annealing and extension at 60°C. Samples 
were analyzed using an ABI Prism 7900HT Fast RT-PCR System 
(Applied Biosystems) [19,20]. Relative quantification (RQ) 
studies [21] were prepared from collected data [threshold cycle 
numbers (Ct)] with ABI Prism 7900HT Sequence-Detection 
System (SDS) software v. 2.3 (Applied Biosystems). 
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Statistical analysis 

Statistical significance between control and experimental 
groups was examined by ANOVA followed by Dunette’s multiple 
comparison tests. Data analysis was performed by using ANOVA 
for Mac (SPSS Inc., Chicago, IL, USA). The level of significance was 
considered at a P value of less than 0.05.

RESULTS
Influence of GH on periostin production from HFLS-OA after 
IL-13 stimulation

The first experiments were designed to examine the dose 
response profile of IL-13 to induce periostin production from 
HFLS-OA in vitro. To do this, HFLS-OA (1 x 105 cells/ml) was 
stimulated with various concentrations of IL-13 in triplicate 
and culture supernatants were collected 48 h after culture for 
measurement of periostin levels by ELISA. As shown in Figure 
1A, IL-13 stimulation at 5.0 ng/ml could not increase the ability 
of cells to produce periostin: periostin levels in experimental 
cultures were nearly identical (not significant) to that in non-
stimulated control. However, IL-13 at 10.0 ng/ml and more 
caused significant increase in periosin production from HFLS-
OA (Figure 1A). The next experiments were designed to examine 
the time course of periostin production from HFLS-OA after IL-
13 stimulation. HFLS-OA (1 x 105 cells/ml) was stimulated with 
10.0 ng/ml IL-13 and periostin levels in culture supernatants 
were measured 24 to 72 h after stimulation. As shown in Figure 
1B, periostin levels in culture supernatants were gradually 
increased and peaked at 24 h after culture. The third experiments 
were undertaken to examine the influence of GH on periostin 
production from HFLS-OA after IL-13 stimulation. HFLS-OA 
(1 x 105 cells/ml) was stimulated with 10.0 ng/ml IL-13 in the 
presence of 0.5 µg/ml to 2.0 µg/ml GH and periostin levels in 
culture supernatants were measured 48 h after stimulation. As 
shown in Figure 2, treatment of cells with GH at 0.5 µg/ml could 
not suppress periostin production from HFLS-OA in response 
to IL-13 simulation. However, addition of GH at more than 1.0 

m/ml into cell cultures caused complete inhibition of periostin 
production from HFLS-OA after IL-13 stimulation: periostin 
levels in experimental culture supernatants was nearly identical 
(not significant) to that in non-stimulated control. 

Influence of GH on STAT6 activation in HFLS-OA after 
IL-13 stimulation 

The second set of experiments was designed to examine 
the influence of GH on transcription factor, STAT6, activation 
in HFLS-OA in response to IL-13 stimulation. HFLS-OA (1 x 105 
cells/ml) was stimulated with 10.0 ng/ml IL-13 in the presence 
of GH at concentrations of 0.5 µg/ml to 2.0 µg/ml and levels of 
phosphorylated STAT6 was measured 12 h after stimulation. As 
shown in Figure 3, treatment of cells with GH at more than 1.0 µg/
ml, but not 0.5 µg/ml significantly suppressed STAT6 activation, 
which was increased by IL-13 stimulation. 

Influence of GH on the periostin mRNA expression in 
HFLS-OA after IL-13 stimulation

The final set of experiments was carried out to examine the 
influence of GH on periostin mRNA expression in HFLS-OA after 
IL-13 stimulation. HFLS-OA (1 x 105 cells/ml) was stimulated 
with 10.0 ng/ml IL-13 in the presence of GH at concentrations of 
1.0 µg/ml to 2.0 µg/ml for 24 h and periostin mRNA expression 
was examined by real time RT-PCR. As shown Figure 4, treatment 
of cells with GH at 1.0 µg/ml caused significant suppression of 
periostin mRNA expression in HFLS-OA, which was increased 
by IL-13 stimulation. The data in Figure 4 also showed that GH 
at more than 1.5 µg/ml completely inhibited periostin mRNA 
expression in IL-13-stimulated HFLS-OA: mRNA levels in 
experimental cells were nearly identical (not significant) to that 
in non-stimulated cells.

DISCUSSION
OA is well known to be the common joint disorder and is a 

major cause of impaired mobility and disability in elderly people 

Figure 1 Influence of IL-13 stimulation on periostin production from HFLS-OA in vitro. Human synoviocytes obtained from an OA patient (HFLS-OA) at a concentration 
of 1 x 105 cells were stimulated in triplicate with IL-13 and periostin levels in culture supernatants were measured by ELISA. The results were expressed as the mean ng/
ml ± SE. The experiments were done at least twice with similar results. A: Dose response profile of IL-13 to produce periostin, which was measured 48 h after culture; B: 
Time course of periostin production after 10.0 ng/ml IL-13 stimulation.
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Figure 2 Influence of glucosamine hydrochloride (GH) on periostin production 
from HFLS-OA after IL-13 stimulation in vitro. Human synoviocytes from an 
OA patient (HFLS-OA) at 1 x 105 cells/ml were cultured in triplicate with 10.0 
ng/ml IL-13 for 48 h in the presence of various concentrations of GH.Periostin 
concentration in culture supernatants was measured by ELISA and the results 
were expressed as the mean ng/ml ± SE. The experiments were done at least 
twice with similar results. Med. alone: Medium alone.

Figure 3 Influence of glucosamine hydrochloride (GH) on STAT6 activation 
after IL-13 stimulation in vitro. Human synoviocytes from an OA patient (HFLS-
OA) at 1 x 105 cells/ml were cultured in triplicate with 10.0 ng/ml IL-13 for 12 h 
in the presence of various concentrations of GH. STAT6 activation was measured 
by ELISA and the results were expressed as the mean optical density at 450 nm 
± SE.The experiments were done at least twice with similar results. Med. alone: 
Medium alone.   

worldwide [1]. The most common symptoms observed in affected 
joints are pain, stiffness and swelling, which develop slowly and 
worsen overtime [1]. It is also accepted that OA is characterized 
by progressive cartilage erosion and joint space narrowing, 
which follow alteration in the biomechanical and biochemical 
properties of the joints [2, 3]. Currently available treatments of 
OA are divided into two categories; non-surgical and surgical 
approaches [2, 4]. In non-surgical treatments, considerable 
attentions have been paid to GH, glucosamine sulfate and 
chondroitin sulfate, which classified into symptomatic slow-
acting drugs for OA showing chondro protective properties, as 

Figure 4 Influence of glucosamine hydrochloride (GH) on periostin mRNA 
expression after IL-13 stimulation in vitro. Human synoviocytes from an OA 
patient (HFLS-OA) at 1 x 105 cells/ml were cultured in triplicate with 10.0 ng/ml 
IL-13 for 24 h in the presence of various concentrations of GH. Periostin mRNA 
expression was measured by real time RT-PCR and the data expressed are the 
mean relative quantity (RQ) ± SE. The experiments were done at least twice with 
similar results.Med. alone: Medium alone.

a good candidate for the pharmacological treatment of OA [4, 
5]. However, the therapeutic mode of action of these agents is 
not well defined. The present study, therefore, was undertaken 
to examine the influence of GH on the ability of synoviocytes to 
produce periostin, which is one of the important molecules in 
the development of OA [15,16] by using an in vitro cell culture 
technique.

The present results clearly showed that treatment of 
synoviocytes from an OA patient with GH significantly inhibits 
periostin production from synoviocytes induced by IL-13 
stimulation. The minimum concentration of GH that caused 
significant suppression was 1.0 µg/ml. After oral administration 
of 1500 mg GH, which is recommended standard therapeutic dose 
of OA [22, 23], into healthy volunteers once a day for three days, 
plasma GH level reaches 2.0 mg/ml [24] to 4.4 mg/ml [25], which 
are much higher than that inducing inhibitory action of GH on 
periostin production in vitro. Furthermore, it is also reported that 
synovial fluid obtained from OA patients treated with 1500 mg 
GH once a day for 14 consecutive days contained approximately 
0.91µg/ml GH [26], which was nearly identical level that caused 
the suppression of periostin production from synoviocytes. From 
these reports, the findings of the present in vitro study may 
reflect the biological function of GH in vivo. 

IL-13, mainly secreted from CD4+ T cells [27], is well known 
to be one of the major instructive cytokines of the type 2 cytokine 
response and has been shown to be a useful prognostic biomarker 
of OA [15,27]. IL-13 exerts the majority of its effect by signaling 
through STAT6. In response to IL-13 binding to its receptor, IL-13 
receptor alpha (Rα)1 subunit, tyrosine kinase 2 and Janus kinase 
2 are activated which in turn phosphorylate STAT6 [28,29]. The 
phosphorylated STAT6 is then transported to the nucleus where it 
regulates gene expression for inflammatory mediators, including 
TNF-α, IL-6 and periostin, all of which have been implicated in 
the development of OA [30]. The second part of experiments, 
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therefore, was carried out to examine the possible suppressive 
mechanisms of GH on periostin production from synoviocytes 
after IL-13 stimulation. The present results clearly showed that 
the treatment of synoviocytes with GH at more than 1.0 mg/ml 
significantly suppress both STAT6 phosphorylation and periostin 
mRNA expression, which were increased by IL-13 stimulation. 

Periostin is reported to increase mRNA expression for MMP-1, 
MMP-3, and MMP-13, which are thought to be essential catabolic 
enzymes for degradation of matrix in human OA cartilage [31], in 
chondrocytes [16]. On the other hand, periostin scarcely affected 
the expression of collagen mRNA, COL1 and COL2, expression 
which are responsible for collagen synthesis in cartilage, in 
chondrocytes [16], indicating that periostin may accelerate 
extracellular matrix destruction in OA without synthesizing new 
matrices. In addition to MMPs, periostin up regulates the ability 
of chondrocytes to produce IL-6 and IL-8, which are implicated 
in cartilage degradation through the enhancement of MMP 
production from chondrocytes and synoviocytes [16]. Moreover, 
periostin increases the production of nitric oxide (NO), which is 
one of the important final effector molecules in the development 
of OA, from synoviocytes through the enhancement of inducible 
NO synthase expression [16,32]. Together with these reports, 
the present results may be interpreted that oral administration 
of GH into OA patients suppresses periostin production from 
synoviocytes in response to IL-13 stimulation and results in 
attenuation of OA progression.

Although the present results clearly showed that GH at more 
than 1.0 µg/ml significantly inhibited periostin production 
from synoviocytes in response to IL-13 stimulation, the precise 
mechanisms by which GH could inhibit periostin production are 
not clear at present. Activation of tyrosine kinases, including 
tyrosine kinase 2 and janus kinase 2 and STAT6 phosphorylation 
require the increase in Ca2+ levels in cytosol [33]. GH is reported 
to inhibit the increase in intracellular Ca2+ levels in rat microglial 
cells after lipopolysaccharide stimulation [34]. From these 
reports, there is possibility that GH inhibits the activation of 
tyrosine kinases through the inhibition of increase in Ca2+ levels 
in synoviocytes after IL-13 stimulation, resulting in inhibition of 
periostin production.

CONCLUSION
The present results clearly demonstrated that GH at more 

than 1.0 µg/ml exerts the inhibitory effects on IL-13-induced 
periostin production from human synoviocytes. These results 
strongly suggest that the ability of GH to suppress periostin 
production from synoviocytes may account, at least in part, for 
the clinical efficacy of GH on OA.

REFERENCES
1.	 Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bull 

World Health Organ. 2003; 81: 646-656.

2.	 Yu SP, Hunter DJ. Emerging drugs for the treatment of knee 
osteoarthritis. Expert Opin Emerg Drugs. 2015; 20: 361-378.

3.	 Abramson SB. Osteoarthritis and nitric oxide. Osteoarthritis Cartilage. 
2008; 2: 15-20. 

4.	 Naito K, Watari T, Furuhata A, Yomogida S, Sakamoto K, Kurosawa H 
, et al. Evaluation of the effect of glucosamine on an experimental rat 

osteoarthritis model. Life Sci. 2010; 86: 538-43.

5.	 Hochberg MC, Martel-Pelletier J, Monfort J, Moller I, Castillo JR, Arden 
N, et al. Combined chondroitin sulfate and glucosamine for painful 
knee osteoarthritis: a multicenter, randomized, double-blind, non-
inferiority trail versus celecoxib. Ann Rheum Dis. 2016; 75: 37-44.

6.	 Clegg DO, Reda DJ, Harris CL, Klein MA, O’Dell JR, Hooper MM, et al. 
Glucosamine, chondroitin sulfate, and the two in combination for 
painful knee osteoarthritis. N Engl J Med. 2006; 354: 795-808.

7.	 Persiani S, Rotini R, Trisolino G, Rovati LC, Locatelli M, Paganini D, et 
al. Synovial and plasma glucosamine concentration in osteoarthritic 
patients following oral crystalline glucosamine sulfate at therapeutic 
dose. Osteoarthritis Cartilage. 2007; 15: 764-772.

8.	 Masuoka M, Shiraishi H, Ohta S, Suzuki S, Arima K, Aoki S , et al. 
Periostin promotes chronic allergic inflammation in response to Th2 
cytokines. J Clin Invest. 2012; 122: 2590-2600.

9.	 Shoda T, Futamura K, Kobayashi F, Saito H, Matsumoto K, Matsuda A. 
Cell type-dependent effects of corticosteroid on periostin production 
by primary human tissue cells. Allergy. 2013; 68: 1467-1470.

10.	Conway SJ, Izuhara K, Kudo Y, Litvin J, Markwald R, Ouyang G, et al. 
The role of periostin in tissue remodeling across health and disease. 
Cell Mol Life Sci. 2014; 71: 1279-1288.

11.	Uchida M, Shiraishi H, Ohta S, Arima K, Taniguchi K, Suzuki S, et al. 
Periostin, a matricellular protein, plays a role in the induction of 
chemokines in pulmonary fibrosis. Am J Respir Cell Mol Biol. 2012; 
46: 677-686.

12.	Ohta N, Ishida A, Kurakami K, Suzuki Y, Kakehata S, Ono J, et al. 
Expressions and roles of periostin in otolaryngological diseases. 
Allergol Int. 2014; 63: 171-180.

13.	Loeser RF, Olex AL, McNulty MA, Carlson CS, Callahan MF, Ferguson 
CM, et al. Microarray analysis reveals age-related differences in gene 
expression during the development of osteoarthritis in mice. Arthritis 
Rheum. 2012; 64: 705-717

14.	Zhang R, Fang H, Chen Y, Shen J, Lu H, Zeng C , et al. Gene expression 
analyses of subchondral bone in early experimental osteoarthritis by 
microarray. PLoS One. 2012; 7: 32356. 

15.	Ishikawa S, Asano K, Kusayanagi H, Takashima M, Yoshida N, 
Yamasaki E, et al. Influence of periostin on synovial fibroblastsin knee 
osteoarthritis. Chronic Diseases Int. 2015; 2: 1013. 

16.	 Chijimatsu R, Kunugiza Y, Taniyama Y, Nakamura N, Tomita T, 
Yoshikawa H, et al. Expression and pathological effects of periostin in 
human osteoarthritis cartilage. BMC Musculoskelet Disord. 2015; 16: 
215. 

17.	Swartzman E, Shannon M, Lieu P, Chen SM, Mooney C, Wei E, et al. 
Expanding applications of protein analysis using proximity ligation 
and qPCR. Methods. 2010; 50: 23-26.

18.	Keter FK, Kanyanda S, Lyantagaye SS, Darkwa J, Rees DJ, Meyer M. In 
vitro evaluation of dichloro-bis (pyrazole) palladium(II) and dichloro-
bis (pyrazole) platinum (II) complexes as anticancer agents. Cancer 
ChemotherPharmacol. 2008; 63: 127- 138.

19.	Barbacioru CC, Wang Y, Canales RD, Sun YA, Keys DN, Chan F, et al. 
Effect of various normalization methods on Applied Biosystems 
expression array system data. BMC Bioinformatics. 2006; 7: 553.

20.	Martínez A, Sánchez-Lopez M, Varadé J, Mas A, Martín MC, de Las 
Heras V, et al. Role of the MHC2TA gene in autoimmune diseases. Ann 
Rheum Dis. 2007; 66: 325-329.

21.	Kósa JP, Kis A, Bácsi K, Balla B, Nagy Z, Takács I, et al. The protective 
role of bone morphogenetic protein-8 in the glucocorticoid-induced 
apoptosis on bone cells. Bone. 2011; 48: 1052-1057.

http://www.ncbi.nlm.nih.gov/pubmed/14710506
http://www.ncbi.nlm.nih.gov/pubmed/14710506
http://www.ncbi.nlm.nih.gov/pubmed/25865855
http://www.ncbi.nlm.nih.gov/pubmed/25865855
http://www.ncbi.nlm.nih.gov/pubmed/18794013
http://www.ncbi.nlm.nih.gov/pubmed/18794013
http://www.ncbi.nlm.nih.gov/pubmed/25589511
http://www.ncbi.nlm.nih.gov/pubmed/25589511
http://www.ncbi.nlm.nih.gov/pubmed/25589511
http://www.ncbi.nlm.nih.gov/pubmed/25589511
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/17353133
http://www.ncbi.nlm.nih.gov/pubmed/17353133
http://www.ncbi.nlm.nih.gov/pubmed/17353133
http://www.ncbi.nlm.nih.gov/pubmed/17353133
http://www.ncbi.nlm.nih.gov/pubmed/22684102
http://www.ncbi.nlm.nih.gov/pubmed/22684102
http://www.ncbi.nlm.nih.gov/pubmed/22684102
http://www.ncbi.nlm.nih.gov/pubmed/24118000
http://www.ncbi.nlm.nih.gov/pubmed/24118000
http://www.ncbi.nlm.nih.gov/pubmed/24118000
http://www.ncbi.nlm.nih.gov/pubmed/24146092
http://www.ncbi.nlm.nih.gov/pubmed/24146092
http://www.ncbi.nlm.nih.gov/pubmed/24146092
http://www.ncbi.nlm.nih.gov/pubmed/22246863
http://www.ncbi.nlm.nih.gov/pubmed/22246863
http://www.ncbi.nlm.nih.gov/pubmed/22246863
http://www.ncbi.nlm.nih.gov/pubmed/22246863
http://www.ncbi.nlm.nih.gov/pubmed/24759558
http://www.ncbi.nlm.nih.gov/pubmed/24759558
http://www.ncbi.nlm.nih.gov/pubmed/24759558
http://www.ncbi.nlm.nih.gov/pubmed/21972019
http://www.ncbi.nlm.nih.gov/pubmed/21972019
http://www.ncbi.nlm.nih.gov/pubmed/21972019
http://www.ncbi.nlm.nih.gov/pubmed/21972019
http://www.ncbi.nlm.nih.gov/pubmed/22384228
http://www.ncbi.nlm.nih.gov/pubmed/22384228
http://www.ncbi.nlm.nih.gov/pubmed/22384228
file:///C:\Users\Marine Biology\Downloads\fulltext-chronicdiseases-v2-id1013 (1).pdf
file:///C:\Users\Marine Biology\Downloads\fulltext-chronicdiseases-v2-id1013 (1).pdf
file:///C:\Users\Marine Biology\Downloads\fulltext-chronicdiseases-v2-id1013 (1).pdf
http://www.ncbi.nlm.nih.gov/pubmed/26289167
http://www.ncbi.nlm.nih.gov/pubmed/26289167
http://www.ncbi.nlm.nih.gov/pubmed/26289167
http://www.ncbi.nlm.nih.gov/pubmed/26289167
http://www.ncbi.nlm.nih.gov/pubmed/20215017
http://www.ncbi.nlm.nih.gov/pubmed/20215017
http://www.ncbi.nlm.nih.gov/pubmed/20215017
http://www.ncbi.nlm.nih.gov/pubmed/18350297
http://www.ncbi.nlm.nih.gov/pubmed/18350297
http://www.ncbi.nlm.nih.gov/pubmed/18350297
http://www.ncbi.nlm.nih.gov/pubmed/18350297
http://www.ncbi.nlm.nih.gov/pubmed/17173684
http://www.ncbi.nlm.nih.gov/pubmed/17173684
http://www.ncbi.nlm.nih.gov/pubmed/17173684
http://www.ncbi.nlm.nih.gov/pubmed/17012290
http://www.ncbi.nlm.nih.gov/pubmed/17012290
http://www.ncbi.nlm.nih.gov/pubmed/17012290
http://www.ncbi.nlm.nih.gov/pubmed/21277400
http://www.ncbi.nlm.nih.gov/pubmed/21277400
http://www.ncbi.nlm.nih.gov/pubmed/21277400


Central
Bringing Excellence in Open Access





Asano et al. (2016)
Email:  

J Chronic Dis Manag 1(1): 1003 (2016) 6/6

Yamada A, Ishikawa S, Ohtaki A, Asano K (2016) Influence of Glucosamine Hydrochloride on Periostin Production by Synoviocytes from Knee Osteoarthritis In 
vitro. J Chronic Dis Manag 1(1): 1003.

Cite this article

22.	Reginster JY, Deroisy R, Rovati LC, Lee RL, Lejeune E. Long-term effects 
of glucosamine sulfate on osteoarthritis progression: a randomized, 
placebo-controlled clinical trial. Lancet. 2001; 357: 251-256.

23.	Sawitzke AD, Shi H, Finco MF, Dunlop DD, Harris CL, Singer NG, et al. 
Clinical efficacy and safety of glucosamine, chondroitin sulphate, their 
combination, celecoxib or placebo taken to treat osteoarthritis of the 
kne. Ann Rheum Dis. 2010; 69: 1459-1464.

24.	Persiani S, Roda E, Rovati LC, Locatelli M, Giacovelli G, Roda A. 
Glucosamine oral bioavailability and plasma pharmacokinetics 
after increasing doses of crystalline glucosamine sulfate in man. 
Osteoarthritis Cartilage. 2005; 13: 1041-1049.

25.	Naito K, Watari T, Furuhata A, Yomogida S, Sakamoto K, Kurosawa H, 
et al. Evaluation of the effect of glucosamine on an experimental rat 
osteoarthritis model. Life Sci. 2010; 86: 538-543.

26.	Pastorini E, Rotini R, Guardigli M, Vecchiotti S, Persiani S, Trisolino G, 
et al. Development and validation of a HPLC-ES-MS/MS method for 
the determination of glucosamine in human synovial fluid. J Pharm 
Biomed Anal. 2009; 50: 1009-1014.

27.	Tsuchida A, Beekhuizen M, Hart MC, Radstake T, Dhert W, Saris DB, et 
al. Cytokine profiles in the joint depend on pathology, but are different 
between synovial fluid, cartilage tissue and cultured chondrocytes. 
Arthritis Res Ther. 2014; 16: 441. 

28.	Oh CK, Geba GP, Molfino N. Investigational therapeutics targeting the 

IL-4/IL-13/STAT-6 pathway for the treatment of asthma. Eur Respir 
Rev. 2010; 19: 46-54.

29.	Chiba Y, Goto K, Misawa M. Interleukin-13-induced activation of 
signal transducer and activator of transcription 6 is mediated by an 
activation of Janus kinase 1 in cultured human bronchial smooth 
muscle cells. Pharmacol Rep. 2012; 64: 454-458.

30.	Hakuno D, Kimura N, Yoshioka M, Mukai M, Kimura T, Okada Y, et 
al. Periostin advances atherosclerotic and rheumatic cardiac valve 
degeneration by inducing angiogenesis and MMP production in 
humans androdents. J Clin Invest. 2010; 120: 2292-2306.

31.	Davidson RK, Waters JG, Kevorkian L, Darrah C, Cooper A, Donell ST, 
et al. Expression profiling of metalloproteinases and their inhibitors in 
synovium and cartilage. Arthritis Res Ther. 2006; 8: 124.

32.	Ohta C, Yamada A, Yufune K, Asano K. Suppressive activity of 
glucosamine hydrochloride on nitric oxide production from 
synoviocytes in vitro. Int J Pharmac Sci Res.  2016; 3: 111.

33.	Roes J, Choi BK, Cazac BB. Redirection of B cell responsiveness by 
transforming growth factor beta receptor. Proc Natl Acad Sci USA. 
2003; 100: 7241-7246.

34.	Yi HA, Yi SD, Jang BC, Song DK, Shin DH, Mun KC, et al. Inhibitory effects 
of glucosamine on lipopolysaccharide-induced activation in microglial 
cells. Clin Exp Pharmacol Physiol. 2005; 32: 1097-1103.

http://www.ncbi.nlm.nih.gov/pubmed/11214126
http://www.ncbi.nlm.nih.gov/pubmed/11214126
http://www.ncbi.nlm.nih.gov/pubmed/11214126
http://www.ncbi.nlm.nih.gov/pubmed/20525840
http://www.ncbi.nlm.nih.gov/pubmed/20525840
http://www.ncbi.nlm.nih.gov/pubmed/20525840
http://www.ncbi.nlm.nih.gov/pubmed/20525840
http://www.ncbi.nlm.nih.gov/pubmed/16168682
http://www.ncbi.nlm.nih.gov/pubmed/16168682
http://www.ncbi.nlm.nih.gov/pubmed/16168682
http://www.ncbi.nlm.nih.gov/pubmed/16168682
http://www.ncbi.nlm.nih.gov/pubmed/20188111
http://www.ncbi.nlm.nih.gov/pubmed/20188111
http://www.ncbi.nlm.nih.gov/pubmed/20188111
http://www.ncbi.nlm.nih.gov/pubmed/19647388
http://www.ncbi.nlm.nih.gov/pubmed/19647388
http://www.ncbi.nlm.nih.gov/pubmed/19647388
http://www.ncbi.nlm.nih.gov/pubmed/19647388
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0441-0
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0441-0
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0441-0
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0441-0
http://www.ncbi.nlm.nih.gov/pubmed/20956165
http://www.ncbi.nlm.nih.gov/pubmed/20956165
http://www.ncbi.nlm.nih.gov/pubmed/20956165
http://www.ncbi.nlm.nih.gov/pubmed/22661199
http://www.ncbi.nlm.nih.gov/pubmed/22661199
http://www.ncbi.nlm.nih.gov/pubmed/22661199
http://www.ncbi.nlm.nih.gov/pubmed/22661199
http://www.ncbi.nlm.nih.gov/pubmed/20551517
http://www.ncbi.nlm.nih.gov/pubmed/20551517
http://www.ncbi.nlm.nih.gov/pubmed/20551517
http://www.ncbi.nlm.nih.gov/pubmed/20551517
http://www.ncbi.nlm.nih.gov/pubmed/16859525
http://www.ncbi.nlm.nih.gov/pubmed/16859525
http://www.ncbi.nlm.nih.gov/pubmed/16859525
file:///C:\Users\Marine Biology\Downloads\article-IJPSR-111 (1).pdf
file:///C:\Users\Marine Biology\Downloads\article-IJPSR-111 (1).pdf
file:///C:\Users\Marine Biology\Downloads\article-IJPSR-111 (1).pdf
http://www.ncbi.nlm.nih.gov/pubmed/12773615
http://www.ncbi.nlm.nih.gov/pubmed/12773615
http://www.ncbi.nlm.nih.gov/pubmed/12773615
http://www.ncbi.nlm.nih.gov/pubmed/16445576
http://www.ncbi.nlm.nih.gov/pubmed/16445576
http://www.ncbi.nlm.nih.gov/pubmed/16445576

	Influence of Glucosamine Hydrochloride on Periostin Production by Synoviocytes from Knee Osteoarthri
	Abstract
	Abbreviations
	Introduction
	Materials and Methods 
	Reagents
	Cell culture  
	Assay for periostin 
	Assay for STAT6 activation 
	Assay for periostin mRNA expression 
	Statistical analysis 

	Results
	Influence of GH on periostin production from HFLA-OA after IL-13 stimulation
	Influence of GH on STAT6 activation in HSLF-OA after IL-13 stimulation 
	Influence of GH on the periostin mRNA expression in HFLS-OA after IL-13 stimulation

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

