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Abstract: High mobility group box protein 1 (HMGB1) plays an important role in the pathogenesis of rheumatoid 
arthritis (RA), but the pathogenic mechanisms of HMGB1 in RA and the involvement of the lysosomal enzyme acid 
β-glucosidase 1 (GBA1) are not fully elucidated. The aim of the present study was to use HMGB1 to treat RA synovial 
fibroblasts (RASFs) and to examine the changes of transcriptional factors. RASFs were isolated from synovial tis-
sues obtained from five RA patients undergoing synovectomy or joint replacement. RASFs were incubated with 100 
ng/mL of HMGB1 for different periods. The changes in transcriptional factors were screened by RNA sequencing 
(RNA-seq) and results were confirmed by quantitative real-time PCR and western blot. The results showed that the 
mRNA of >60 genes in RASFs were differentially expressed after HMGB1 treatment. Among them, GBA1 was the 
most markedly decreased (-3.99 folds, P<0.001). These results were confirmed by qRT-PCR and western blot. The 
late-stage inflammatory mediator HMGB1 probably exerts its pathogenic role in RA by downregulating GBA1. 

Keywords: Rheumatoid arthritis, synovial fibroblasts, high mobility group box protein 1, lysosomal enzyme acid 
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Introduction

The highly conserved DNA-binding protein high 
mobility group box protein 1 (HMGB1) exerts 
vital intracellular and extracellular functions in 
eukaryotic cells [1]. It is known that proinflam-
matory cytokines such as tumor necrosis fac- 
tor (TNF)-α or interleukin (IL)-1β can stimulate 
HMGB1 translocation into the cytoplasm and 
its release in different cell types [2]. Extracellular 
HMGB1 acts as an alarm in binding to multiple 
cell-surface receptors, cytokines, and chemo-
kines to stimulate the innate immune system 
and trigger inflammatory responses [3, 4]. 

The role of HMGB1 in chronic inflammatory dis-
eases such as rheumatoid arthritis (RA) has 
been extensively studied [5-9]. In patients with 
RA, extranuclear expression of HMGB1 can be 
detected locally in their synovial fluid and se- 
rum [6]. Taniguchi et al. [5] demonstrated that 
HMGB1 plays a key role in the pathogenesis of 
RA; they showed that HMGB1 levels were high-

er in synovial fluid of RA patients than in those 
of osteoarthritis (OA) patients, and expression 
of HMGB1 was prominent in macrophages and 
endothelial cells. Moreover, HMGB1 also stimu-
lates macrophages derived from synovial fluid 
to release proinflammatory cytokines (such as 
TNF, IL-1β and IL-6), activated complement, and 
hypoxia [2, 5]. In addition, HMGB1-nucleosome 
complexes lead to the formation of autoanti-
bodies against DNA and nucleosome [2]. HM- 
GB1 also promotes proteolytic enzymes and 
the osteoclast maturation requires HMGB1 [2]. 
Nevertheless, the mechanisms underlying the 
pathogenic effects of HMGB1 in RA are still not 
fully elucidated.

The lysosomal enzyme acid β-glucosidase 1 
(GBA1) cleaves the β-glycosidic linkage of glu-
cosylceramide to release glucose and generate 
ceramides [10]. Mutations in the GBA1 gene 
result in the abnormal accumulation of lipid 
substrates and have been involved in Gau- 
cher’s disease and Parkinson’s disease [11, 
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Table 2. Sequences of PCR primers
Genes Primers (5’-3’)
GBA1 CTGCTGCTCTCAACATCCTT 

GAAGGGGTATCCACTCAACA
GAPDH GGAGCGAGATCCCTCCAAAAT

GGCTGTTGTCATACTTCTCATGG
PCR: polymerase chain reaction; GBA1: acid 
β-glucosidase 1.

12]. GBA1 is involved in sphingolipids metabo-
lism and the salvage pathway of ceramide for-
mation [13]. Ceramides have emerged as a bio-
active lipid that mediates a variety of cellular 
responses, including regulation of cell growth, 
differentiation, and stress responses [14]. Ki- 
tatani et al. [15, 16] had proved that GBA1 
played a significant role in the salvage pathway 
of ceramide formation in PKC-mediated cellular 
responses, and the GBA1-ceramide pathway 
was vital in terminating p38δ activation respon-
sible for IL-6 biosynthesis. It is well-known that 
IL-6 plays a pivotal role in the pathogenesis of 
RA [17]. Moreover, interleukin-6 receptor inhibi-
tion, primarily using tocilizumab, has been used 
effectively for patients with RA [18]. Taken 
together, we speculated that the abnormal 
expression of GBA1 may take part in the pro-
gression of RA by disturbing IL-6 biosynthesis. 
Nevertheless, the link between GBA1 and HM- 
GB1 is very poorly understood. Some previous 
studies showed that cancer cells treated with 
apoptosis-inducing doses of ceramides releas- 
ed large amounts of HMGB1 in the medium 
[19-21]. In addition, a recent study suggested 
that ceramides and HMGB1 could mediate the 
toxic metabolic effects of cigarette smoke [22]. 

Therefore, the roles of HMGB1 and GBA1 in RA 
remain to be explored. The aim of the present 
study was to use HMGB1 to treat RA synovial 
fibroblasts (RASFs) and to examine the chang-
es of transcriptional factors using RNA sequenc-
ing (RNA-seq). RNA-seq is a technique that pro-

foundly sequences the transcriptional levels 
and covers almost all transcripts of a specific 
tissue at a specific time [23]. The results dem-
onstrated that the mRNA of >60 genes in 
RASFs were changed significantly after HMGB1 
treatment, with GBA1 being decreased. Fur- 
ther investigation confirmed that HMGB1 down-
regulated GBA1 at the mRNA and protein levels 
in RASFs. 

Materials and methods

Cell cultures

Synovial tissues were obtained from five RA 
patients undergoing synovectomy or joint re- 
placement (Table 1). All RA patients met the 
American College of Rheumatology 1987 re- 
vised criteria for the classification of RA [24].  
All samples were obtained with the informed 
consent from the patients, and the study was 
approved by the Ethics Committee of First 
Affiliated Hospital of Jiaxing University (No. 
2015-025).

Synovial tissues were minced and digested in 
DMEM containing 1.0 mg/mL of bacterial col-
lagenase for 2 h at 37°C. The cell suspensions 
were then filtered through a 100 µm nylon filter 
and collected by centrifugation. The cells were 
washed and resuspended with complete medi-
um made of DMEM containing 10% fetal bovine 
serum, 100 U/mL penicillin, and 100 µg/mL 
streptomycin, and cultured in a tissue culture 
incubator at 37°C with 5% CO2. The non-adher-
ent cells were washed out. Adherent cells were 
cultured in complete medium and the culture 
medium was replaced every week [9]. At 80% 
confluence, the cells were dispersed by trypsin-
ization and then transferred to new plastic dish-
es. For subsequent experiments, cells were 
used at the third to sixth passages, at which 
time they were a homogeneous population of 
fibroblasts. Before experiments, cultured RA- 
SFs were starved for 2 hours in DMEM supple-
mented with 50% and 25% fetal bovine serum, 
respectively. RASFs were incubated with 100 
ng/mL of HMGB1 (R&D Systems, Minneapolis, 
MN, USA; a gene recombinant product with a 
purity >95% as determined by SDS-PAGE, with-
out DNA and the LPS was <0.10 EU per μg of 
protein as determined by the LAL method), as 
previously described [8, 9, 25] for different 
periods.

Table 1. Characteristics of the patients who 
provided synovial samples

RA patients
N 5
Age (years) 59±8
Sex (female/male) 4/1
Disease duration (years) 20.2±8.0
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RNA-Seq

Total RNA from cell pellets of RASFs was iso-
lated with TRIzol (Invitrogen Life Technologies, 
Carlsbad, CA, USA). Total RNA was then sup-
plied to Sangon Biotech Co., Ltd. (Shanghai, 
China) for downstream processing. Paired-end 
(PE) libraries were prepared according to the 
Illumina paired-end library preparation proto- 
col (Illumina, San Diego, CA, USA) and were 
sequenced on an Illumina Hiseq 2500 sequ- 
encing system. Raw reads from each sequenc-
ing library were assessed using FASTQC (http://
www.bioinformatics.babraham.ac.uk/projects/
fastqc/) to remove adaptor sequences, reads 
with unknown sequences “N”, and low-quality 
sequences.

Quantitative real-time PCR (qRT-PCR)

Total RNA was purified from RASFs with TRIzol 
(Invitrogen Life Technologies, Carlsbad, CA, 
USA) and cDNA was synthesized using Prime- 
Script reverse transcription reagents (TaKaRa, 
Dalian, China). Real-time PCR was performed 
on a QuantStudio 3 using SYBR Premix EX Taq 

cam, Cambridge, MA, USA). Proteins were visu-
alized with an ECL Western Blotting System 
(Pierce Protein Research Products, Rockford, 
IL, USA) using a HRP-linked anti-rabbit IgG (Cell 
Signaling, Danvers, MA, USA).

Statistical analysis

Results are presented as mean ± standard 
deviation. Statistical analyses were performed 
using one-way analysis of variance followed by 
independent-samples T test or satterthwaite t’ 
test. Two-sided P-values <0.05 were consid-
ered statistically significant. All statistics were 
performed using SPSS 20 for Windows (IBM, 
Armonk, NY, USA).

Results

HMGB1 regulated mRNA expression in RASFs

We used HMGB1 to treat RASFs for 24 h and 
RNA-seq to screen the changes of transcrip-
tional factors at the transcriptome level. The 
results showed that a number of mRNAs in 
RASFs treated with HMGB1 were differentially 

Figure 1. Heatmap plot of differentially expressed mRNAs in RASFs treated 
or not with HMGB1.

reagents. The cycling condi-
tions for qRT-PCR was: dena-
turation at 95°C for 10 min  
followed by 40 cycles of 95°C 
for 3 s and 60°C for 60 s. 
Primer sequences of GBA1 
and GAPDH are listed in Table 
2 (Shanghai Sangon, Co., Sh- 
anghai, China). The GAPDH ge- 
ne was used to normalize all 
tested genes, and quantifica-
tion was performed using the 
ΔΔCT method. 

Western blotting

RASFs were lysed in a buffer 
containing 1.0% (vol/vol) Noni- 
det-P40, 150 mM NaCl, 20 
mM Tris-HCl (pH 7.5), 1 mM 
EDTA, and a protease inhibi- 
tor mixture (Roche, Basel, Swi- 
tzerland). Proteins (10 µg) from 
each sample were separated 
by 10% SDS-PAGE and trans-
ferred to polyvinylidene difluo-
ride membranes. Membranes 
were blocked with anti-GBA1 
antibody (1:500; ab55080; Ab- 
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Table 3. Genes and related proteins changed after HMGB1 treatment in RASFs (partial results)

Genes Proteins Control HMGB1 Log 2-Fold 
change P

Down-regulated
    GBA1 Glucosidase beta acid 1 5.01 0.31 -3.99 <0.001 
    FN1 Fibronectin 1 6110.94 5366.12 -0.19 0.0450
Up-regulated
    RGPD5 RANBP2-like and GRIP domain containing 5 0.24 1.71 2.86 0.0012 
    MRPS36 Mitochondrial ribosomal protein S36 0.39 2.42 2.61 0.0055 
    SRP9 Signal recognition particle 9 11.84 47.86 2.02 0.0067 
    KPNA5 Karyopherin subunit alpha 5 1.44 4.41 1.62 0.0045 
    ZNF117 Zinc finger protein 117 2.11 5.53 1.39 0.0065 
    TMEM106B Transmembrane protein 106B 8.80 20.74 1.24 0.0065 
HMGB1: high mobility group box protein 1.

expressed compared with RASFs without HM- 
GB1 pretreatment. GBA1 was downregulated 
significantly (-3.99 folds, P<0.001) (Figure 1 
and Table 3). Fibronectin 1 (FN1) also was 
downregulated (-0.19 fold, P=0.045), while 
RANBP2-like and GRIP domain containing 5 
(RGPD5), mitochondrial ribosomal protein S36 
(MRPS36), signal recognition particle 9 (SRP9), 
Karyopherin subunit alpha 5 (KPNA5), zinc fin-
ger protein 117 (ZNF117), and transmembrane 
protein 106B (TMEM106B) were upregulated 
(all P<0.01) by HMGB1 (Table 3). These results 
suggest that HMGB1 decreases GBA1 tran-
scription in RASFs.

HMGB1 downregulated the GBA1 mRNA ex-
pression in RASFs

We validated the RNA-seq results using qRT-
PCR. RASFs were treated with 100 ng/ml 
HMGB1 for different time periods. GBA1 mRNA 
in RASFs decreased significantly after treat-
ment with HMGB1 for 16 or 24 h compared 
with RASFs without HMGB1 treatment (P<0.05, 
Figure 2C, 2D). There was no difference with 
controls for GBA1 mRNA in RASFs using HM- 
GB1 treatment for 2 or 4 h (P>0.05, Figure 2A, 
2B). 

HMGB1 downregulated the GBA1 protein in 
RASFs

Since the GBA1 mRNA was suppressed after 
HMGB1 treatment for 16 or 24 h, we further 
investigated whether the expression of the 
GBA1 protein was also decreased. We used 
100 ng/ml HMGB1 to treat RASFs for 24 h. 
Western blot showed that the GBA1 protein 

expression was downregulated compared with 
cells without HMGB1 treatment (Figure 3). 

Discussion

HMGB1 plays an important role in the patho-
genesis of RA [5-9], but the pathogenic mecha-
nisms of HMGB1 in RA and the involvement of 
GBA1 are not fully elucidated. Therefore, the 
aim of the present study was to use HMGB1 to 
treat RASFs and to examine the changes in 
transcriptional factors. The results suggest that 
the late-stage inflammatory mediator HMGB1 
probably exerts its pathogenic role in RA by 
downregulating GBA1. 

HMGB1 has been demonstrated to play an 
important role in the pathogenesis of RA [2, 5]. 
Further evidence of the role of HMGB1 in joint 
inflammation comes from studies indicating 
disease attenuation by agents (including mono-
clonal and polyclonal anti-HMGB1 antibodies, 
recombinant A box domain of HMGB1, soluble 
RAGE, recombinant thrombomodulin, cortico-
steroids, and gold salts) that antagonize the 
expression or the activity of HMGB1 [6, 26-31]. 
In addition, in patients with RA, HMGB1-nu- 
cleosome complexes lead to the formation of 
autoantibodies against DNA and nucleosome 
[2]. HMGB1 also promotes proteolytic enzym- 
es and the osteoclasts maturation requires 
HMGB1 [2]. Importantly, in experimental ani-
mal models, neutralization of HMGB1 can pro-
tect against the characteristic cartilage and 
bone destruction observed in RA [32]. Never- 
theless, the mechanisms are still unclear. 

The present study suggests that HMGB1 influ-
ences the transcription of a number of mRNAs. 
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Among them, GBA1 was down-regulated by 4 
folds. GBA1 is a widely expressed lysosomal 
enzyme that cleaves glucosylceramide into 
ceramides. Ceramides are central in the sphin-
golipids metabolism and mainly involved in the 
salvage pathway of sphingolipids formation 
[33]. Meanwhile, ceramides are also a crucial 
lipid second messenger. When the extracellu- 
lar receptors combine with ligands, ceramides 
mediate signal transduction in a concentration-
dependent manner [34]. Mutations of GBA1 
gene lead to imbalance of glucosylceramide 
and ceramides. The abnormal accumulation of 
glucosylceramide in various organs is one of 

16]. Furthermore, an animal study showed that 
knockout of GBA1 in mice led to the production 
of IgG autoantibodies, increased C5a with  
antibody induction, release of proinflammatory 
cytokines, and tissue inflammation [27]. There- 
fore, taken together, the literature suggests 
that downregulation or deficiency of GBA1 pro-
motes inflammation. In the present study, HM- 
GB1-treated RASFs showed decreased mRNA 
and protein GBA1 levels when compared with 
controls without HMGB1 treatment, suggesting 
that HMGB1 possibly promoted inflammation 
of RASFs by downregulating GBA1. Accordingly, 
a study showed that HMGB1-stimulated macro-
phages derived from the synovial fluid release 
proinflammatory cytokines (including IL-6) [5]. 
Moreover, Kitatani et al. [15, 16] showed that 
the GBA1-ceramide pathway plays an impor-
tant role in terminating p38δ activation, which 
is responsible for IL-6 biosynthesis. Thus, it can 
be speculated that HMGB1 possibly increased 
IL-6 production by downregulating GBA1 in 
RASFs, resulting in the aggravated synovial 
inflammation observed in RA. 

Of course, the present study is not without limi-
tations. This study was performed in cultured 

Figure 2. mRNA expression of GBA1 in RASFs with HMGB1 treatment for 
different periods. A, B. The mRNA expression of GBA1 in RASFs was not 
different after HMGB1 treatment for 2 or 4 h compared with cells without 
HMGB1 treatment. C, D. GBA1 mRNA in RASFs was decreased significantly 
after treatment with HMGB1 for 16 or 24 h compared with cells without 
HMGB1 treatment.

Figure 3. Protein expression of GBA1 in RASFs from 
two RA patients (RA1 and RA2) with or without 
HMGB1 treatment for 24 h.

the major mechanisms in Gau- 
cher’s disease and Parkinson’s 
disease [35]. Besides, it has 
been reported that GBA1-ce- 
ramide can inhibit inflamma-
tion through regulating differ-
ent inflammatory signal path- 
ways in various cells deficiency 
of GBA1-ceramide leads to in- 
flammation [36]. GBA1-cerami- 
de can suppress the MAPK sig-
nal pathways (mainly p38, JNK, 
and ERK1/2) by activating the 
ceramide-activated protein ph- 
osphatase (CAPP), thus inhibit-
ing cytokines (including IL-6) 
and inflammation [15, 16]. Blo- 
cking GBA1 transcription or 
applying fumonisin B1 to inhib-
it ceramide formation directly 
can both significantly promote 
the p38/IL-6 pathways. Conver- 
sely, the increase of intracel- 
lular ceramide concentrations 
suppresses phosphorylation of 
p38 (primarily p38δ) and IL- 
6 expression prominently [15, 
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cells that could lose RA characteristics over 
time due to their isolation from the proinflam-
matory systemic state found in RA. In addition, 
this study examined only GBA1 and did not 
comprehensively examine cytokines and path-
ways (such as p38, ERK, and JNK) that could be 
involved in an increased inflammatory state. 
Future studies will have to address these 
issues.

Conclusion

Taken together, the results suggest that after 
treatment with HMGB1, RASFs exhibited de- 
creased GBA1 levels, as shown by RNA-seq, 
qRT-PCT, and western blot. We may conclude 
that the late-stage inflammatory mediator HM- 
GB1 may exert its pathogenic effects in RA by 
downregulating GBA1, but these results will 
have to be validated in more comprehensive 
studies. 

Acknowledgements

We thank Dr. Chengde Yang and his colleagues 
from the Division of Rheumatology of Ruijin 
Hospital (Shanghai, China) for their helpful sug-
gestions and comments. This work was sup-
ported by funds from the National Natural 
Science Foundation of China (81341035 and 
81171057), Natural Science Foundation of 
Zhejiang Province (LY16H090016 and LY17H- 
090019), the Medicine and Health General 
Program of Zhejiang Province (2015KYB386), 
the Construction Project of Anesthesiology 
Discipline Special Disease Center in Zhejiang 
North Region (201524), and the Construction 
Project of Key Laboratory of Nerve and Pain 
Medicine in Jiaxing City.

Disclosure of conflict of interest

None.

Address correspondence to: Juanfang Gu, Depart- 
ment of Rheumatology and Immunology, First Affi- 
liated Hospital of Jiaxing University, Zhejiang, China. 
Tel: +86 158 2574 8699; E-mail: gujuanfang04- 
06@126.com; Dr. Ming Yao, Department of Pain, 
First Affiliated Hospital of Jiaxing University, Zhe- 
jiang, China. E-mail: jxyaoming@163.com

References

[1] Wang LL, Feng YQ and Cheng YH. Effect on pro-
liferation and apoptosis of retinoblastoma cell 

by RNA inhibiting high mobility group protein 
box-1 expression. Int J Ophthalmol 2017; 10: 
30-34.

[2] Andersson U and Harris HE. The role of HMGB1 
in the pathogenesis of rheumatic disease. Bio-
chim Biophys Acta 2010; 1799: 141-148.

[3] Magna M and Pisetsky DS. The role of HMGB1 
in the pathogenesis of inflammatory and auto-
immune diseases. Mol Med 2014; 20: 138-
146.

[4] Nefla M, Holzinger D, Berenbaum F and 
Jacques C. The danger from within: alarmins in 
arthritis. Nat Rev Rheumatol 2016; 12: 669-
683.

[5] Taniguchi N, Kawahara K, Yone K, Hashiguchi 
T, Yamakuchi M, Goto M, Inoue K, Yamada S, 
Ijiri K, Matsunaga S, Nakajima T, Komiya S and 
Maruyama I. High mobility group box chromo-
somal protein 1 plays a role in the pathogene-
sis of rheumatoid arthritis as a novel cytokine. 
Arthritis Rheum 2003; 48: 971-981.

[6] Hamada T, Torikai M, Kuwazuru A, Tanaka M, 
Horai N, Fukuda T, Yamada S, Nagayama S, 
Hashiguchi K, Sunahara N, Fukuzaki K, Nagata 
R, Komiya S, Maruyama I, Fukuda T and Abeya-
ma K. Extracellular high mobility group box 
chromosomal protein 1 is a coupling factor for 
hypoxia and inflammation in arthritis. Arthritis 
Rheum 2008; 58: 2675-2685.

[7] Wahamaa H, Schierbeck H, Hreggvidsdottir 
HS, Palmblad K, Aveberger AC, Andersson U 
and Harris HE. High mobility group box protein 
1 in complex with lipopolysaccharide or IL-1 
promotes an increased inflammatory pheno-
type in synovial fibroblasts. Arthritis Res Ther 
2011; 13: R136.

[8] He ZW, Qin YH, Wang ZW, Chen Y, Shen Q and 
Dai SM. HMGB1 acts in synergy with lipopoly-
saccharide in activating rheumatoid synovial 
fibroblasts via p38 MAPK and NF-kappaB sig-
naling pathways. Mediators Inflamm 2013; 
2013: 596716.

[9] Park SY, Lee SW, Kim HY, Lee WS, Hong KW 
and Kim CD. HMGB1 induces angiogenesis in 
rheumatoid arthritis via HIF-1alpha activation. 
Eur J Immunol 2015; 45: 1216-1227.

[10] Dasari SK, Bialik S, Levin-Zaidman S, Levin-
Salomon V, Merrill AH Jr, Futerman AH and 
Kimchi A. Signalome-wide RNAi screen identi-
fies GBA1 as a positive mediator of autophagic 
cell death. Cell Death Differ 2017; 24: 1288-
1302.

[11] Basgalupp SP, Siebert M, Vairo FP, Chami AM, 
Pinto LL, Carvalho GD and Schwartz IV. Use of 
a multiplex ligation-dependent probe amplifi-
cation method for the detection of deletions/
duplications in the GBA1 gene in Gaucher dis-
ease patients. Blood Cells Mol Dis 2018; 68: 
17-20.

mailto:gujuanfang0406@126.com
mailto:gujuanfang0406@126.com
mailto:jxyaoming@163.com


HMGB1 downregulates GBA1 in RASFs

3581 Int J Clin Exp Pathol 2018;11(7):3575-3582

[12] Swan M, Doan N, Ortega RA, Barrett M, Nichols 
W, Ozelius L, Soto-Valencia J, Boschung S, Deik 
A, Sarva H, Cabassa J, Johannes B, Raymond 
D, Marder K, Giladi N, Miravite J, Severt W, Sa-
chdev R, Shanker V, Bressman S and Saun-
ders-Pullman R. Neuropsychiatric characteris-
tics of GBA-associated Parkinson disease. J 
Neurol Sci 2016; 370: 63-69.

[13] Zhang Y, Zhu K, Miao X, Hu X and Wang T. Iden-
tification of beta-glucosidase 1 as a biomarker 
and its high expression in hepatocellular carci-
noma is associated with resistance to chemo-
therapy drugs. Biomarkers 2016; 21: 249-
256.

[14] Lin CF, Chen CL and Lin YS. Ceramide in apop-
totic signaling and anticancer therapy. Curr 
Med Chem 2006; 13: 1609-1616.

[15] Kitatani K, Sheldon K, Anelli V, Jenkins RW, 
Sun Y, Grabowski GA, Obeid LM and Hannun 
YA. Acid beta-glucosidase 1 counteracts p38- 
delta-dependent induction of interleukin-6: 
possible role for ceramide as an anti-inflam-
matory lipid. J Biol Chem 2009; 284: 12979-
12988.

[16] Kitatani K, Sheldon K, Anelli V, Jenkins RW, 
Sun Y, Grabowski GA, Obeid LM and Hannun 
YA. Acid β-Glucosidase 1 counteracts p38δ-
dependent induction of Interleukin-6: possible 
role for ceramide as an anti-inflammatory lipid. 
J Biol Chem 2009; 284: 12979-12988.

[17] McInnes IB and Schett G. Pathogenetic in-
sights from the treatment of rheumatoid arthri-
tis. Lancet 2017; 389: 2328-2337.

[18] Fleischmann R. Interleukin-6 inhibition for 
rheumatoid arthritis. Lancet 2017; 389: 1168-
1170.

[19] Mimeault M. New advances on structural and 
biological functions of ceramide in apoptotic/
necrotic cell death and cancer. FEBS Lett 
2002; 530: 9-16.

[20] Ogretmen B and Hannun YA. Biologically active 
sphingolipids in cancer pathogenesis and 
treatment. Nat Rev Cancer 2004; 4: 604-616.

[21] Mochizuki T, Asai A, Saito N, Tanaka S, Katagiri 
H, Asano T, Nakane M, Tamura A, Kuchino Y, 
Kitanaka C and Kirino T. Akt protein kinase in-
hibits non-apoptotic programmed cell death 
induced by ceramide. J Biol Chem 2002; 277: 
2790-2797.

[22] Taylor OJ, Thatcher MO, Carr ST, Gibbs JL, 
Trumbull AM, Harrison ME, Winden DR, Pear-
son MJ, Tippetts TS, Holland WL, Reynolds PR 
and Bikman BT. High-mobility group Box 1 dis-
rupts metabolic function with cigarette smoke 
exposure in a ceramide-dependent manner. 
Int J Mol Sci 2017; 18. 

[23] Kukurba KR and Montgomery SB. RNA se-
quencing and analysis. Cold Spring Harb Pro-
toc 2015; 2015: 951-969.

[24] Arnett FC, Edworthy SM, Bloch DA, McShane 
DJ, Fries JF, Cooper NS, Healey LA, Kaplan SR, 
Liang MH, Luthra HS, et al. The American 
Rheumatism Association 1987 revised criteria 
for the classification of rheumatoid arthritis. 
Arthritis Rheum 1988; 31: 315-324.

[25] Leclerc P, Wahamaa H, Idborg H, Jakobsson PJ, 
Harris HE and Korotkova M. IL-1beta/HMGB1 
complexes promote The PGE2 biosynthesis 
pathway in synovial fibroblasts. Scand J Immu-
nol 2013; 77: 350-360.

[26] af Klint E, Grundtman C, Engstrom M, Catrina 
AI, Makrygiannakis D, Klareskog L, Andersson 
U and Ulfgren AK. Intraarticular glucocorticoid 
treatment reduces inflammation in synovial 
cell infiltrations more efficiently than in synovi-
al blood vessels. Arthritis Rheum 2005; 52: 
3880-3889.

[27] Kokkola R, Li J, Sundberg E, Aveberger AC, 
Palmblad K, Yang H, Tracey KJ, Andersson U 
and Harris HE. Successful treatment of colla-
gen-induced arthritis in mice and rats by tar-
geting extracellular high mobility group box 
chromosomal protein 1 activity. Arthritis 
Rheum 2003; 48: 2052-2058.

[28] Van de Wouwer M, Plaisance S, De Vriese A, 
Waelkens E, Collen D, Persson J, Daha MR and 
Conway EM. The lectin-like domain of thrombo-
modulin interferes with complement activation 
and protects against arthritis. J Thromb Hae-
most 2006; 4: 1813-1824.

[29] Zetterstrom CK, Jiang W, Wahamaa H, Ostberg 
T, Aveberger AC, Schierbeck H, Lotze MT, An-
dersson U, Pisetsky DS and Erlandsson Harris 
H. Pivotal advance: inhibition of HMGB1 nucle-
ar translocation as a mechanism for the anti-
rheumatic effects of gold sodium thiomalate. J 
Leukoc Biol 2008; 83: 31-38.

[30] Ostberg T, Kawane K, Nagata S, Yang H, Cha-
van S, Klevenvall L, Bianchi ME, Harris HE, An-
dersson U and Palmblad K. Protective target-
ing of high mobility group box chromosomal 
protein 1 in a spontaneous arthritis model. Ar-
thritis Rheum 2010; 62: 2963-2972.

[31] Schierbeck H, Lundback P, Palmblad K, Klev-
envall L, Erlandsson-Harris H, Andersson U 
and Ottosson L. Monoclonal anti-HMGB1 (high 
mobility group box chromosomal protein 1) an-
tibody protection in two experimental arthritis 
models. Mol Med 2011; 17: 1039-1044.

[32] Harris HE, Andersson U and Pisetsky DS. 
HMGB1: a multifunctional alarmin driving au-
toimmune and inflammatory disease. Nat Rev 
Rheumatol 2012; 8: 195-202.

[33] Rodriguez-Cuenca S, Pellegrinelli V, Campbell 
M, Oresic M and Vidal-Puig A. Sphingolipids 
and glycerophospholipids - The “ying and yang” 
of lipotoxicity in metabolic diseases. Prog Lipid 
Res 2017; 66: 14-29.



HMGB1 downregulates GBA1 in RASFs

3582 Int J Clin Exp Pathol 2018;11(7):3575-3582

[34] Grosch S, Schiffmann S and Geisslinger G. 
Chain length-specific properties of ceramides. 
Prog Lipid Res 2012; 51: 50-62.

[35] Futerman AH and Hardy J. Perspective: finding 
common ground. Nature 2016; 537: S160-
S161.

[36] Pandey MK, Burrow TA, Rani R, Martin LJ, Witte 
D, Setchell KD, McKay MA, Magnusen AF, 
Zhang W, Liou B, Kohl J and Grabowski GA. 
Complement drives glucosylceramide accumu-
lation and tissue inflammation in Gaucher dis-
ease. Nature 2017; 543: 108-112.


