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Abstract

Background
pSS is an autoimmune disease characterized by an exocrine gland epithelium injury with dense
lymphocytic in�ltration, involvement of the peripheral nervous, pulmonary, blood, kidney, skin, and joint.
Aberrant histone acetylation is increasingly thought to plays important role in the pathogenesis of AIDs.
However, there is very little data on histone acetylation in pSS.

Methods
We investigated the expressions of HAT genes (p300, CREEBP and PCAF) by real time PCR in PBMCs
from pSS patients. HAT activity and histone H3/ H4 acetylation activity measured by activity kit and
histone H3/H4 acetylation veri�ed by WB. Spearman test was utilized to analyze the association between
levels of HAT activity and clinical parameters of patients with pSS.

Results
The expressions of p300, CREEBP and PCAF in PBMCs from pSS patients were decreased in mRNA
comparison with HCs. HAT activity and histone H3/H4 acetylation were reduced in PBMCs from pSS
patients. We found negatively correlations between the HAT activity and CRP and TNF-α, and positively
correlations between the HAT activity and C4.

Conclusions
Histone hypoacetylation is observed in patients with pSS and involved in the disease duration of
Sjogren's syndrome.

Background
Primary sjögren’s syndrome (pSS) is one of complex systemic autoimmune diseases (AIDs) affecting
0.3–0.7% of the general population with a 9/1 female predisposition [1, 2]. This disease manifests dry
mouth, dry eyes, and 70–80% of patients appear protean extra-glandular symptoms, such as involvement
of the peripheral nervous, pulmonary, blood, kidney, skin, and joint [3, 4]. However, pathogenesis of this
disease is obscure. Growing evidences suggest that epigenetic dysregulations have been linked with
pSS[5]. Epigenetic modi�cations, including DNA methylation, histone modi�cation and miRNA, are
essential in regulating gene expression, cell development, differentiation and function[6].

Epigenetic mechanisms have a long history in the pSS,but the studies have focused on DNA methylation
and miRNA. Altorok N et al. reported hypomethylated genes involved in type I interferon (IFN) pathway in
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naive CD4 + CD45RA + cells in pSS patients[7]. Another study further identi�ed prominent
hypomethylation of IFN-regulated genes in tissues of pSS including whole blood, salivary gland and
CD19 + B cell[8]. The global DNA hypomethylation in blood and Epithelial cells from salivary gland
(SGEC) was associated with autoreactivity, lymphocyte in�ltration and SSB expression [9, 10]. In recent
reports, there were a lot of differences in miRNA expressions between T cells and B cells in pSS and HCs,
such as miR-155, miR-146a, miR-378a and miR-30b-5p [11–15]. The expression of hsa-miR-30b-5p is
correlated with the expression of B-cell activating factor (BAFF) in B cells of pSS[16]. DNA
hypomethylation and miRNA may contribute to pSS pathophysiology.

Histone acetylation, the same as DNA methylation and miRNA, is also one of important pattern of
epigenetic modi�cations to regulate gene transcription. However, there is very little data on histone
acetylation in pSS. A study found that TNF-α restrains aquaporin 5 (AQP5) expression in human salivary
gland acinar cells through repression of histone H4 acetylation [17]. The results of this study indicate that
histone acetylation may involve in SS salivary gland dysfunction.

The histones acetylation is mainly catalyzed by two opposite groups of enzymes: histone
acetyltransferase (HAT) and histone deacetylase (HDAC)[18]. HAT involves the transfer of an acetyl group
to the ε-amino group of lysine residues in histone and non-histones[19]. A variety of HAT proteins are
clear, such as P300 and P300/CBP associated factor (PCAF), p300 / CREB binding protein (CREBBP), and
so on[20]. The main role of HDAC is regulating transcription by the removal of acetyl groups from lysine
residues of histone tails. It is important to maintain a balance between HAT and HDAC.

Histones include H2A, H2B, H3 and H4, which are part of the nucleosome. Histones undergo post-
translational modi�cations that alter their interaction with DNA and histones. The H3 and H4 histones
have long tails protruding from nucleosome, which can be more easily covalently modi�ed by acetylation,
methylation and phosphorylation than H2A and H2B[21]. We investigated the alterations in global histone
H3/H4 acetylation status and the expression of HAT (P300, CREBBP and PCAF) in pSS. We assessed the
aberrant H3/ H4 acetylation in PBMCs of pSS patients.

Methods

Patients and Healthy Donors
A total of 46 patients who were ful�lled the 2016 ACR/EULAR classi�cation criteria for pSS and 46 ages
and sex matched HCs were recruited from the outpatient clinic of the department of Rheumatology[22].
All patients were primarily diagnosed as pSS without any treatment such as corticosteroids and disease
modifying anti-rheumatic drugs (DMARDs) at the disease onset. The study was approved by the Ethics
Committee of the First A�liated Hospital of Xiamen University and performed by the Key Laboratory of
Rheumatology and Immunology in Xiamen University. All patients signed the informed consent from.
Table 1 summarizes the demographic and clinical characteristics of the patients with pSS and HCs.
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Table 1
Demographic and clinical characteristics of the patients with pSS and HCs.

  pSS patients(n = 48) HCs (n = 48)

Age, mean (range) years 53 (20–71) 51.9 (26–67)

No. of women/no. of men 41/5 39/7

Anti-SSA (anti-Ro)-positive% 91.3%  

Anti- SSB (anti- La)-positive% 41.3%  

ANA- positive % 78.3%  

FS(foci/4mm2)% 60.9%  

C3 (g/L) 1.025(0.592–1.54)  

C4 (g/L) 0.194(0.072–0.464)  

IgG (g/L) 15.4(8.09–33.9)  

IgA (g/L) 2.72(0.905–6.97)  

IgM (g/L) 1.15(0.281–2.87)  

ESR (mm/h) 23.5(2–91)  

CRP (mg/L) 1.77 (0.1–63) 0.8 (0.2–1.9)

Disease duration, mean (range) months 10.5 (1.3–17.8)  

ANA = Antinuclear antibody, LFS = Focal sialadenitis, C3/4 = Complement3/4, Ig = Immunoglobulin,
ESR = Erythrocyte sedimentation, CRP = C-reactive protein

Cell And Serum Preparation
PBMCs were isolated by standard density gradient centrifugation from sodium heparin vacutainer blood
samples over Ficoll-Paque Plus (Axis-Shied PoC AS, Oslo, Norway). PBMCs were washed and
resuspended in phosphate buffered saline (PBS) and removed red blood cells by treating with red blood
cell lysis buffer. PBMCs in fetal bovine serum (Thermo Fisher) with 10% dimethyl sulfoxide (DMSO,
Solarbio) were frozen and stored at − 80 °C. Separated serum from the blood by centrifugation at 300
relative centrifugal forceg (RCF) for 10 minutes and stored at -80℃.

Reverse Transcription-polymerase Chain Reaction (RT-PCR)
And Quantitative (qRT-PCR) Analysis
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Total RNA was extracted by TRIzol Reagent (Ambion by Life Technologies) from PBMCs and reverse
transcribed to cDNA according to the manufacturer’s instructions with reverse transcription reagent kits
(Bio-Rad, Hercules, CA, USA). The expression of P300,PCAF,CREBBP,β-actin and GAPDH were determined
by qRT-PCR. The speci�c primer sequences were listed in Table 2. A 25 µl SYBR Green II PCR reaction
mixture was used containing 12.5 µl of SYBR master mix (TaKaRa Shuzo), 1 µl of sense primer, 1 µl of
antisense primer and 2 µl of cDNA. QRT-PCR was performed using MyiQ™ Real-Time PCR Detection
Systems (Bio-Rad, Hercules, CA, USA), and relative gene expression was normalized to internal control as
GAPDH. The method of calculated was with the 2−ΔΔCt.

Table 2
Related Primer Sequences

Gene Primer Sequences 5’→3’

P300 forward CATCTACCAGACTTGGCACC

P300 reverse CACTGTCCACAAACCTTGCT

PCAF forward ATGAATATGCAATTGGATAC

PCAF reverse CTCCTTCATAATCCTTGATA

CREBBP forward CTGCACACGACATGA CT

CREBBP reverse GAAGTGGCATTCTGTTG

GAPDH forward GATTCCACCCATGGCAAATT

GAPDH reverse TCTCGCTCCTGGAAGATGGT

Cell Lysate Extraction
Isolation of nuclear and cytoplasmic extracts was performed using the nuclear/cytosol extraction kit
according to the manufacturer's directions (Thermo Scienti�c, Rockford, IL, USA). Cells were washed with
wash buffer and then vortexed the tube vigorously on the highest setting for 15 seconds to fully suspend
the cell pellet. Incubate the tube on ice with cytoplasmic isolation buffer for 10 minutes. Centrifuged the
tube for 5 minutes at maximum speed in a microcentrifuge (~ 16,000 × g) and collected cytoplasmic
extracts. Washed the nuclear pellets twice in wash buffer, spun and incubated for 40 min on ice with
nuclear isolation buffer. Centrifuged the tube for 10 minutes at maximum speed in a microcentrifuge (~ 
16,000 × g) and collected nuclear extract. Protein concentration in nuclear was determined by the BCA
protein assay kit (Thermo Scienti�c, Rockford, IL,USA).The cytoplasmic extracts and nuclear protein were
stored at -80 °C.

HAT Activity Assay
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The HAT activity assay kit (Enzo Life Sciences, Koropi, Greece) was used to measure HAT activity in the
nuclear extract according to the manufacturer's instructions. The nuclear extract used for HAT activity
assay was 50 ug, respectively. HAT �uorescence signal was detected with 440 nm using a �uorescence
microplate reader (BD, USA).

Western Blot Analysis
PBMCs were washed with PBS and resuspended in RIPA buffer (Solarbio) including protease inhibitors
(Roche). Cell lysates were centrifuged (12000 g revolutions per minute at 4 °C). Protein concentration was
determined as described. 20ug of protein in each sample was subjected to a 15% SDS-PAGE gel and
transferred into immobilon polyvinylidene di�uoride membranes (Millipore, Bedford, MA, USA). After
blocking with Tris-buffered saline contains 0.1% Tween 20 and 5% non-fat dry milk, the membranes were
incubated with primary antibodies overnight at 4 °C. The following primary antibodies were used: Anti-
acetyl-Histone H3 (rabbit polyclonal, 1:2000 dilution) purchased from Merck Millipore; Anti-Histone H4
antibody (rabbit monoclonal, 1:10000 dilution) purchased from Abcam; goat anti-rabbit secondary IgG
antibodies purchased from Cell Signaling Technology. Protein detection was performed using the
chemiluminescence reagent (Millipore, Billerica, MA, USA). Quanti�cation of target proteins was
normalized to β-actin. Proteins were quanti�ed using Image Lab.

Global Histone H3 And H4 Acetylation Assay
Acetylated histone H3 and H4 proteins were extracted according to the manufacturer’s protocol
(Epigentek Group Inc). Histone H3 and H4 concentration was determined as described. We used the
Global Histone H3 Acetylation Assay Kit and Global Histone H4 Acetylation Assay Kit (Abnova) to
measure histone acetylation in histone extraction from PBMCs. Adjust the concentration of histones to be
200 ng/ul-400 ng/ul, add 5 ul (1–2 ug of histone) per well. Histone H4/H3 acetylation were detected with
450 nm using a microplate reader (BD, USA).

Enzyme-linked Immunosorbent Assay (ELISA)
The concentration of TNF-α were measured using ELISA kit (Quantikine assay, R&D Systems,
Minneapolis, MN) according to the manufacturer’s instructions. The concentration of TNF-α was detected
with 450 nm and 620 nm using an ELISA microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Statistical analysis
The statistical signi�cance of the data was analyzed with Prism 6 software (GraphPad Software, San
Diego, CA). The HDACs, HAT mRNA expression, HDAC activity, HAT activity, total histone H3 and H4
acetylation levels between pSS and HCs were compared by the Mann Whitney test. Spearman test was



Page 7/16

utilized to analyze the association between levels of HAT activity and clinical parameters of patients with
pSS. P values < 0.05 were considered signi�cant.

Results
Decreased expression of HAT (P300, PCAF, and CREEBP) in PBMCs from patients with SS. To assess
whether histone acetylation played a role in human pSS, we �rst detected the mRNA expression of HAT
(P300, PCAF and CREEBP) in PBMCs from patients with pSS and HCs by qRT- PCR. As shown in Fig. 1A,
the average relative expression level of P300 was 3.0-fold higher for HC than pSS patients (p < 0.0001).
PCAF and CREEBP expressions were 2.0-fold higher for HC than pSS patients (Fig. 1B and 1C, p < 
0.0001).

Decreased nuclear HAT activity in patients with pSS. Because the mRNA expressions of P300, PCAF and
CREEBP in PBMCs from patients with pSS were decreased, we speculated that HAT activity is abnormal
in pSS. So, we have further studied HAT activity in human pSS and HCs. As we expected, HAT activity
was decreased in pSS patients (n = 11) compared to HCs (n = 10, P = 0.0037) (Fig. 2). Therefore, the
decreased HAT activity may promote histone hypoacetylation.

Abnormal histone acetylation in pSS. Whether the reduction in HAT activity causes histones
hypoacetylated, we further veri�ed by acetylation histone H3 and H4 WB and histone H3 and H4
acetylation activity assay. Acetylation histone H3 and H4 protein were measured in pSS patients and HCs
by WB. As shown in Fig. 3A, global histone H3 and H4 acetylation were reduced in pSS compared with
HCs. Quanti�cation of histone H3 and H4 were normalized to β-actin, the average relative expressions of
acetylation histone H3 and H4 were 3.0-fold higher for HC than pSS patients (p = 0.0068 for H3, p = 
0.0089 for H4; Fig. 3B). Histone acetylation activities were measured in 15 pSS patients and 15 healthy
controls. Global histone H3 and H4 acetylation activities were reduced in PBMCs of pSS patients
compared with HCs (p = 0.0005 for H3, p = 0.0033 for H4; Fig. 3C). These data showed decreased histone
H3 and H4 acetylation in the PBMCs of patients with pSS.

The correlation about HAT activity and pSS disease characters. Our data suggested that histone
hypoacetylation might involve in the pathogenesis and progression of pSS. To further demonstrate the
association between histone hypoacetylation and pSS, we analysed the relationship between HAT activity
and pSS disease characters. We also detected the expression of TNF-α in pSS serum by ELISA. We found
negatively correlations between the HAT activity and CRP (Fig. 4A, p = 0.040) and TNF-α (Fig. 4B, p = 
0.012), and positively correlations between the HAT activity and C4 (Fig. 4D, p = 0.041). No correlation
between the HAT activity and C3 (Fig. 4C, p = 0.118) may be the reason for the small amount of data.

Discussion
Histones and their accompanying post-translational modi�cations are receiving increasing attention
because they can affect chromatin structure, regulate gene expression, and participate in other nuclear
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modi�cation processes[23]. It has been found that there are imbalances in HAT and HDACs expression
and abnormal histone acetylation in various AIDs such as rheumatoid arthritis (RA) [24, 25], systemic
lupus erythematosus (SLE) [26] and multiple sclerosis[27]. And there are many studies on the mechanism
of histone acetylation in these diseases and related potential therapeutic effects, but there is little study
on the histone acetylation in of patients with pSS. This study demonstrates the histone acetylation is
aberrant in human pSS.

In an earlier study, the researcher used stable isotope labeling combined with mass spectrometry to
demonstrate histone H3 and H4 hypoacetylation in MRL-lpr/lpr mice compared to control MRL/MPJ
mice. Therefore, this study establishes a link between abnormal histone codes and the pathogenesis of
SLE, demonstrating that HDAC inhibition(HDACi)trichostatin A (TSA) can reset the aberrant post-
translational histone modi�cations in vivo[28]. Nan Hu et.al reported that global histone H3 and H4 were
less acetylated in active lupus CD4 + T cells than in the controls, while expression of CREBBP and P300
were decreased in patients with active lupus. They also found that the degree of histone H3 acetylation
was negatively correlated with disease activity SLEDAI in lupus patients [26]. Given that pSS and SLE are
similar AIDs, we hypothesize that histone acetylation imbalance is involved in the pathogenesis of pSS.

In this study, at �rst, we detected the mRNA expression of HAT (P300, PCAF and CREBBP) by qPCR. The
results showed that the mRNA expressions of HAT (P300, PCAF and CREBBP) were reduced in pSS
patient compared to HCs. In order to further clarify the histone acetylation, we next detected the HAT
activity. The data showed that the activity of HAT in patients with pSS were lower than this in HCs. At the
same time, Western blot and activity assay were used to detect the acetylation of histone H3/H4 in
PBMCs. We certi�cated global histone H3/H4 hypoacetylation in pSS compared with HCs, which were
consistent with the HAT activity. We aslo investigated the correlation between HAT activity and disease
characters (CRP, C3/C4, TNF-α). In addition, we observed a negative correlation between the HAT activity
and TNF-α and CRP, a positive correlation between the HAT activity and C3/4. Taken together, these
suggest that the aberrant histone acetylation might play an important role in the pathogenesis of pSS.

Previous experiment demonstrated aberrant global hypoacetylation in the histone H3/ H4 with SLE. P300,
PCAF and CREBBP, capable of acetylating histone in vitro and possibly in vivo, were expression
decreased[29]. Our results also show that P300, PCAF and CREBBP mRNA is signi�cantly decreased and
hypoacetylation in histone H3/H4 in pSS compared with HCs. The reduction expression of P300, PCAF
and CREBBP may explain the signi�cant reduction in total histone H3 and H4 acetylation observed in
PBMCs in pSS. CREBBP and P300 are key regulators of RNA polymerase II-mediated transcription and
also are used to disrupt activator and repressor complexes, when they expression alterations will be
linked to human diseases [30–32] .

Yamamura Y's research indicated that TNF-α destroys the acinar structure in pSS, and that TNF-α inhibits
the expression of water channel aquaporin-5 (AQP5) in human salivary gland acinar membrane. The
gene promoter was associated with the epigenetic mechanism of histone H4 acetylation, and the
acetylation can change with the in�ammatory stimuli (such as IL-1β and TNF) [17]. This study found that
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HAT activity is correlated with CRP, C4 and TNF-α, indicating that HAT activity is associated with disease
activity in patients with pSS and may be involved in the in�ammatory cytokine expression. We considered
that HAT activity decreased in pSS as a factor contributes to the pathogenesis of pSS. HAT activity can
be used as an in�ammatory factor to monitor the pSS.

Based on our results, we believe that the histone hypoacetylation is involved in the pathogenesis of pSS.
Current studies have tested drugs that modulate epigenetic responses in a variety of rheumatic diseases
in vitro and in animal models[33]. HDACi may be a good method to treatment pSS. HDACi has become a
potential anti-in�ammatory agent that regulates the function of immune cells. The application of HDACi
leads to a wide ranged acetylation of histones and thus reduces the expression level of those
in�ammatory cytokines, such as IL-2, interferon (IFN)-γ, and IL-6[33, 34]. PLGA-based SAHA
(suberoylanilide hydroxamic acid) micropheres, a speci�c HDACi released in the lacrimal gland, can
reduce the expression of proin�ammatory cytokines and increase the expression of FoxP3 in the lacrimal
glands in DED mice [35]. It indicates that HDACi might be a potential target in the pSS therapy.

Conclusions
In our study, the global histone H3 and H4 hypoacetylation is the result of the decreased HAT activity and
HAT (CREBBP, P300 and PACF) expression. These �ndings will assist us to elucidate the epigenetic
pathogenesis of pSS and the potential reversibility of these epigenetic abnormalities. HAT activity can be
used as an in�ammatory factor to monitor the pSS. We need to ascertain what triggers the abnormal
histone codes in patients with pSS, as these may represent a novel target for therapeutic intervention in
pSS.

Abbreviations
pSS: primary sjögren’s syndrome; AID: autoimmune diseases; HAT: histone acetyltransferase; HDAC:
histone deacetylase; PCAF: P300/CBP associated factor; CREBBP: p300/CREB binding protein; ANA:
Antinuclear antibody; FS: Focal sialadenitis; C3/4: Complement3/4; CRP:C-reactive protein; RA:
rheumatoid arthritis; SLE: systemic lupus erythematosus.

Declarations
Acknowledgments

We are grateful to the Department of Rheumatology and Immunology of the First A�liated Hospital of
Xiamen University for their work on this research. We thank the healthy controls and patients who
participated in the study.

Funding



Page 10/16

This work was supported by the NSFC (Natural Science Foundation of China) grant 81302565 and the
Xiamen Medical and Health Project (Project No.3502Z20189009) to Yan Li. NSFC grant U1605223 to Dr
Guixiu Shi.

Data Availability

The datasets used and/or analyzed in the current study are available from the corresponding author on
reasonable request.

Author contributions

Yan Li and Xiuying Lv designed, performed, and analyzed the experiments and data. Mi Zhou, Ying Wang
and Yan He performed the laboratory work. Yan Li, Jingxiu Xuan contributed to paper writing. Guixiu Shi
planned experiments and wrote the paper.

Ethics approval

Patient consent was obtained. This study was approved by the Ethics Committee of the First A�liated
Hospital of Xiamen University in accordance with the World Medical Association Declaration of Helsinki.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References
1. Bowman SJ, Ibrahim GH, Holmes G, Hamburger J, Ainsworth JR. Estimating the prevalence among

Caucasian women of primary Sjogren's syndrome in two general practices in Birmingham, UK. Scand
J Rheumatol. 2004;33(1):39–43.

2. Qin B, Wang J, Yang Z, Yang M, Ma N, Huang F, Zhong R. Epidemiology of primary Sjogren's
syndrome: a systematic review and meta-analysis. Ann Rheum Dis. 2015;74(11):1983–9.

3. Tobon GJ, Renaudineau Y, Hillion S, Cornec D, Devauchelle-Pensec V, Youinou P, Pers JO. The Fms-
like tyrosine kinase 3 ligand, a mediator of B cell survival, is also a marker of lymphoma in primary
Sjogren's syndrome. Arthritis Rheum. 2010;62(11):3447–56.

4. Manuel RC, Pilar BZ, Raphaele S, Hendrika B, Simon JB, Thomas D, Jacques-Eric G, Xavier M, Elke T,
Stefano B, Salvatore V, Thomas M, Wan-Fai N, Aike K, Athanasios T, Claudio V. Characterization of
systemic disease in primary Sjogren's syndrome: EULAR-SS Task Force recommendations for
articular, cutaneous, pulmonary and renal involvements. Rheumatology. 2017;56(7):1245.



Page 11/16

5. Le Dantec C, Varin MM, Brooks WH, Pers JO, Youinou P, Renaudineau Y. Epigenetics and Sjogren's
syndrome. Curr Pharm Biotechnol. 2012;13(10):2046–53.

�. Kouzarides T. Chromatin modi�cations and their function. Cell. 2007;128(4):693–705.

7. Altorok N, Coit P, Hughes T, Koelsch KA, Stone DU, Rasmussen A, Radfar L, Sco�eld RH, Sivils KL,
Farris AD, Sawalha AH. Genome-wide DNA methylation patterns in naive CD4 + T cells from patients
with primary Sjogren's syndrome. Arthritis Rheumatol. 2014;66(3):731–9.

�. Imgenberg-Kreuz J, Sandling JK, Almlof JC, Nordlund J, Signer L, Norheim KB, Omdal R, Ronnblom L,
Eloranta ML, Syvanen AC, Nordmark G. Genome-wide DNA methylation analysis in multiple tissues in
primary Sjogren's syndrome reveals regulatory effects at interferon-induced genes. Ann Rheum Dis.
2016;75(11):2029–36.

9. Konsta OD, Le Dantec C, Charras A, Cornec D, Kapsogeorgou EK, Tzioufas AG, Pers JO, Renaudineau
Y. Defective DNA methylation in salivary gland epithelial acini from patients with Sjogren's syndrome
is associated with SSB gene expression, anti-SSB/LA detection, and lymphocyte in�ltration. J
Autoimmun. 2016;68:30–8.

10. Konsta OD, Charras A, Le Dantec C, Kapsogeorgeou E, Bordron A, Brooks WH, Tzioufas AG, Pers JO,
Renaudineau Y. Epigenetic modi�cations in salivary glands from patients with Sjogren's syndrome
affect cytokeratin 19 expression. Bull Group Int Rech Sci Stomatol Odontol. 2016;53(1):e01.

11. Pauley KM, Stewart CM, Gauna AE, Dupre LC, Kuklani R, Chan AL, Pauley BA, Reeves WH, Chan EK,
Cha S. Altered miR-146a expression in Sjogren's syndrome and its functional role in innate immunity.
Eur J Immunol. 2011;41(7):2029–39.

12. Peng L, Ma W, Yi F, Yang YJ, Lin W, Chen H, Zhang X, Zhang LH, Zhang F, Du Q. MicroRNA pro�ling in
Chinese patients with primary Sjogren syndrome reveals elevated miRNA-181a in peripheral blood
mononuclear cells. J Rheumatol. 2014;41(11):2208–13.

13. Shi H, Zheng LY, Zhang P, Yu CQ. miR-146a and miR-155 expression in PBMCs from patients with
Sjogren's syndrome. J Oral Pathol Med. 2014;43(10):792–7.

14. Williams AE, Choi K, Chan AL, Lee YJ, Reeves WH, Bubb MR, Stewart CM, Cha S. Sjogren's syndrome-
associated microRNAs in CD14(+) monocytes unveils targeted TGFbeta signaling. Arthritis Res Ther.
2016;18(1):95.

15. Yang Y, Peng L, Ma W, Yi F, Zhang Z, Chen H, Guo Y, Wang L, Zhao LD, Zheng W, Li J, Zhang F, Du Q.
Autoantigen-targeting microRNAs in Sjogren's syndrome. Clin Rheumatol. 2016;35(4):911–7.

1�. Wang-Renault SF, Boudaoud S, Nocturne G, Roche E, Sigrist N, Daviaud C, Bugge Tinggaard A,
Renault V, Deleuze JF, Mariette X, Tost J. Deregulation of microRNA expression in puri�ed T and B
lymphocytes from patients with primary Sjogren's syndrome. Ann Rheum Dis. 2018;77(1):133–40.

17. Yamamura Y, Motegi K, Kani K, Takano H, Momota Y, Aota K, Yamanoi T, Azuma M. TNF-alpha
inhibits aquaporin 5 expression in human salivary gland acinar cells via suppression of histone H4
acetylation. J Cell Mol Med. 2012;16(8):1766–75.

1�. Benson LJ, Gu Y, Yakovleva T, Tong K, Barrows C, Strack CL, Cook RG, Mizzen CA, Annunziato AT.
Modi�cations of H3 and H4 during chromatin replication, nucleosome assembly, and histone



Page 12/16

exchange. J Biol Chem. 2006;281(14):9287–96.

19. Karagiannis TC, El-Osta A. Chromatin modi�cations and DNA double-strand breaks: the current state
of play. Leukemia. 2007;21(2):195–200.

20. Yuan LW, Gambee JE. Histone acetylation by p300 is involved in CREB-mediated transcription on
chromatin. Biochim Biophys Acta. 2001;1541(3):161–9.

21. Gelato KA, Fischle W. Role of histone modi�cations in de�ning chromatin structure and function. Biol
Chem. 2008;389(4):353–63.

22. Vissink A, Bootsma H. Connective tissue diseases: Re�ning the classi�cation criteria for primary
Sjogren syndrome. Nat Rev Rheumatol. 2016;13(1):10–2.

23. Ozdag H, Teschendorff AE, Ahmed AA, Hyland SJ, Blenkiron C, Bobrow L, Veerakumarasivam A, Burtt
G, Subkhankulova T, Arends MJ, Collins VP, Bowtell D, Kouzarides T, Brenton JD, Caldas C.
Differential expression of selected histone modi�er genes in human solid cancers. BMC Genom.
2006;7:90.

24. Toussirot E, Abbas W, Khan KA, Tissot M, Jeudy A, Baud L, Bertolini E, Wendling D, Herbein G.
Imbalance between HAT and HDAC activities in the PBMCs of patients with ankylosing spondylitis or
rheumatoid arthritis and in�uence of HDAC inhibitors on TNF alpha production. PLoS One.
2013;8(8):e70939.

25. Gillespie J, Savic S, Wong C, Hempshall A, Inman M, Emery P, Grigg R, McDermott MF. Histone
deacetylases are dysregulated in rheumatoid arthritis and a novel histone deacetylase 3-selective
inhibitor reduces interleukin-6 production by peripheral blood mononuclear cells from rheumatoid
arthritis patients. Arthritis Rheum. 2012;64(2):418–22.

2�. Hu N, Qiu X, Luo Y, Yuan J, Li Y, Lei W, Zhang G, Zhou Y, Su Y, Lu Q. Abnormal histone modi�cation
patterns in lupus CD4 + T cells. J Rheumatol. 2008;35(5):804–10.

27. Lillico R, Zhou T, Khorshid Ahmad T, Stesco N, Gozda K, Truong J, Kong J, Lakowski TM, Namaka M.
Increased Post-Translational Lysine Acetylation of Myelin Basic Protein Is Associated with Peak
Neurological Disability in a Mouse Experimental Autoimmune Encephalomyelitis Model of Multiple
Sclerosis. J Proteome Res. 2018;17(1):55–62.

2�. Garcia BA, Busby SA, Shabanowitz J, Hunt DF, Mishra N. Resetting the epigenetic histone code in the
MRL-lpr/lpr mouse model of lupus by histone deacetylase inhibition. J Proteome Res.
2005;4(6):2032–42.

29. Miyagi S, Mishima Y, Iwama A. [Structure and function of MYST family histone acetyltransferases].
Rinsho Ketsueki. 2011;52(7):490–6.

30. Janknecht R. The versatile functions of the transcriptional coactivators p300 and CBP and their roles
in disease. Histol Histopathol. 2002;17(2):657–68.

31. Kalkhoven E. CBP and p300: HATs for different occasions. Biochem Pharmacol. 2004;68(6):1145–
55.

32. Chen H, Lin RJ, Schiltz RL, Chakravarti D, Nash A, Nagy L, Privalsky ML, Nakatani Y, Evans RM.
Nuclear receptor coactivator ACTR is a novel histone acetyltransferase and forms a multimeric



Page 13/16

activation complex with P/CAF and CBP/p300. Cell. 1997;90(3):569–80.

33. Koyama Y, Adachi M, Sekiya M, Takekawa M, Imai K. Histone deacetylase inhibitors suppress IL-2-
mediated gene expression prior to induction of apoptosis. Blood. 2000;96(4):1490–5.

34. Matsuoka H, Fujimura T, Mori H, Aramori I, Mutoh S. Mechanism of HDAC inhibitor FR235222-
mediated IL-2 transcriptional repression in Jurkat cells. Int Immunopharmacol. 2007;7(11):1422–32.

35. Ratay ML, Balmert SC, Bassin EJ, Little SR. Controlled release of an HDAC inhibitor for reduction of
in�ammation in dry eye disease. Acta Biomater. 2018;71:261–70.

Figures

Figure 1

The mRNA expression of P300, PCAF and CREEBP were signi�cantly decreased in pSS patients
compared to those of the HCs (p < 0.0001). A. The mRNA expression of P300 in the human pSS (n = 29)
and HCs (n = 27). B. The mRNA expression of PCAF in the human pSS (n = 29) and HCs (n = 27). C. The
mRNA expression of CREBBP in the human pSS (n = 27) and HCs (n = 28).
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Figure 2

HAT activity in PBMCs of pSS patients and HCs. HAT activity was decreased in pSS patients (n=11)
compared to HCs (n=10, P=0.0037).



Page 15/16

Figure 3

Total histone H3 and H4 acetylation activities were reduced in PBMC of pSS patients compared to HCs.
A. Expression of acetylation histone H3 and H4 was studied by WB. B. Relative expression of acetylation
histone H3 and H4 protein in PBMCs normalized to β-actin (p = 0.0068 for H3, p = 0.0089 for H4). C. Total
histone H3 and H4 acetylation activities were reduced in pSS patients compared to HCs (p = 0.0005 for
H3, p = 0.0033 for H4).
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Figure 4

The correlations about HAT activity and pSS disease characters. A. HAT activity has a negative
correlation with CRP (Fig.4A, p=0.040). B. HAT activity has a negative correlation with TNF-α (Fig.4B,
p=0.012).C. Correlation between the HAT activity and C3 (Fig.4C, p=0.118). D. HAT activity has a positive
correlation with C4 (Fig.4D, p=0.041).


