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Introduction: Ankylosing spondylitis (AS) is a common form of chronic inflammatory rheumatic disease. Metallothionein-1 (MT-1)
has been known to play an immunosuppressive role in various noninfectious inflammatory diseases, especially osteoarthritis and
rheumatoid arthritis, thus inhibiting inflammation and pathogenesis in various diseases. However, whether MT-1 is related to AS is
unclear. Here, we examined the levels of MT-1 in patients with AS and its correlation with the disease activity, complication, clinical
indexes, and inflammatory cytokines and attempted to explain the effect of MT-1 on inflammation in AS.

Methods: The messenger RNA (mRNA) and protein expression of MT-1 in patients with AS were detected through real-time
polymerase chain reaction and enzyme-linked immunosorbent assay. The associations between serum MT-1 protein level and clinical
indexes or proinflammatory cytokines in AS were analyzed using the Spearman correlation test.

Results: The mRNAs and serum protein levels of MT-1 were significantly higher in patients with AS, especially in patients with
active AS and patients with osteoporosis (OP) than in healthy controls (HCs), and no difference was observed between patients with
inactive AS and HCs. Serum MT-1 levels positively correlated with disease activity, proinflammatory cytokines, and clinical indexes
Ankylosing Spondylitis Disease Activity Score with C-Reactive Protein, C-reactive protein level, and erythrocyte sedimentation rate in
patients with AS.

Conclusion: MT-1 expression was upregulated in patients with active AS but not in those with inactive AS and positively correlated
with clinical indexes, especially in OP, as well as with proinflammatory cytokines tumor necrosis factor—alpha, interleukin (IL)-1p, and
IL-6 in patients with AS.

Keywords: metallothionein-1, ankylosing spondylitis, noninfectious inflammatory diseases, inflammation cytokines, regulatory
cytokines

Introduction

Ankylosing spondylitis (AS), a type of spondyloarthritis, is chronic inflammatory arthritis characterized by peri-
fibrocartilaginous osteitis in the sacroiliac joint and enthesis bone, which manifests as back pain, limited spinal mobility,
enthesitis, and peripheral articular and extra-articular manifestation."” The disease typically begins in early adulthood
(2040 years),® with a prevalence ranging from 0.1% to 0.8% in the adult population,* and is more common in men than
in women.>** Studies have shown that >90% of the patients with AS have a specific human leukocyte antigen known as
HLA-B27.° Although the cause of AS is unknown, accumulating evidence highlights that its underlying mechanism is

autoimmune inflammation.” Proinflammatory cytokines (tumor necrosis factor—alpha [TNF-a], interleukin [IL]-6, IL-17,
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and IL-23) were considerably elevated in the peripheral blood of patients with AS.*!! The organs commonly affected by
AS include the heart, lungs, eyes, colon, kidneys, and Achilles tendinitis. Osteoporosis (OP) is a complication of AS, and
the prevalence of OP in patients with AS is between 13% (lumbar spine) and 16% (femoral neck).'? The patients with AS
having OP implicates increased disease severity and a high risk of fractures.'*'*

Metallothionein (MT) is a family of cysteine-rich, low molecular weight proteins and is divided into four subfamilies
in humans and designated as MT-1, MT-2, MT-3, and MT-4."> The main function of MTs is to scavenge free radicals,
such as reactive oxygen species (ROS) and reactive nitrogen species (RNS), and combine both physiological (such as
zinc, copper, and selenium) and xenobiotic (such as cadmium, mercury, silver, and arsenic) heavy metals through their
thiol group of cysteine residues (represent nearly 30% of its constituent amino acid residue) to reduce oxidative stress

and maintain the stability of intracellular heavy metal concentrations'®'”

through which it participates in the regulation
of metabolism and immunity.

Our previous study found that synovial inflammation and pathological symptoms in rheumatic mice were drastically
suppressed by the intracellular expression of MT-1 and that in cell cultures favorable for T helper 17 (Th17) cell
differentiation, MT-1 inhibits rheumatoid arthritis (RA) development by shifting the differentiation of CD4" T cells
toward regulatory T (Treg) cells and reducing the frequency of Th17 cells.'"® A study showed that isolated peripheral
blood mononuclear cells (PBMCs) and synovial cells from erosive inflammatory osteoarthritis (OA) treated with human
recombinant MT-1 significantly reduced the expression of proinflammatory cytokines TNF-a, IL-6, and IL-17 in the
cells.'” The studies indicate that MT-1 has an immunoregulatory function in inflammatory and autoimmune diseases.

The relationship between MT-1 and AS is unclear. In the present study, we investigated the expression of MT-1
messenger RNA (mRNA) in PBMCs and MT-1 protein in the serum of patients with AS and the correlation of serum
MT-1 protein levels with the disease activity, complication, clinical indexes, as well as proinflammatory cytokines to
elucidate the possible effects of MT-1 on patients with AS.

Materials and Methods

Patient Recruitment

In total, 67 adult patients with an AS diagnosis based on modified New York Criteria®® and 38 age- and sex-matched
healthy volunteers were recruited from Shenzhen Futian Hospital for Rheumatic Diseases, China. Informed consent was
obtained from the recruited participants. Patients with malignant tumors, infections, and other rheumatic diseases were
excluded from this study. The demographic and clinical data of all the participants are listed in Table 1. All clinical
manifestations and laboratory findings were recorded on the day of blood withdrawal. The AS disease activity was
identified based on the Ankylosing Spondylitis Disease Activity Score with C-Reactive Protein (ASDAS-CRP).?!*
Active AS was defined as ASDAS-CRP >1.3. Kidney dysfunction was defined as urinary albumin excretion >18.6 pg/
min for >3 months and glomerular filtration rate <60 mL/min/1.73 m? for >3 months. Hepatic dysfunction was defined as
total serum protein <64 g/L, serum albumin <35 g/L, and glutamic pyruvic transaminase >40 U/L. Hyperlipidemia was
defined as low-density lipoprotein cholesterol >3.4 mmol/L, total cholesterol >5.2 mmol/L, and triglyceride >1.7 mmol/
L. Polycythemia was defined as adult male red blood cell count >6.0 x 10'?/L and hemoglobin >170 g/L and adult female
red blood cell count >5.5 x 10'*/L and hemoglobin>160 g/L.

Blood Sample Collection and PBMC Isolation

Blood samples were collected in the morning. PBMCs were isolated using standard Ficoll-Paque Plus (TBD science,
China) following the manufacturer’s instructions. The collected cells were used for RNA extractions. Serum samples
were stored at —80 °C until the cytokines were determined.

RNA Extraction and Real-Time Polymerase Chain Reaction

Total RNAs were extracted with TRIzol reagent (Takara, Dalian, China) according to the manufacturer’s instructions.
The RNA purity and quality were validated by absorbance on a microvolume spectrometer (NanoPhotometer N50,
Implen, Germany) at 260 and 280 nm. Only samples with ratios from 1.8 to 2.0 were accepted for the next reverse
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Table 1 The Demographic and Clinical Characteristics of Gout Patients, Hyperuricemia and HCs
Characteristics Active AS (n = 33) Inactive AS (n = 34) AS (n = 67) HC (n = 38)
Age (years) 40.45+9.98 36.91+9.92 38.66+10.1 42.19+10.24
Sex, no. male /no. female) 22/11 24/10 46/21 2711
Disease duration, (years) 7.23+6.8I 4.35%£3.94 5.77+5.73 -
HLA-B27 positive n (%) 30 (91) 13 (34) 17 (67) -
Anti-Inflammatory And Analgesic drugs (%) 23 (70) 20 (59) 43 (64) -
Bioinhibitor drugs 13 (39) 16 (47) 29 (43) -
Glucocorticoids 4 (12) 4 (12) 8 (12) -
Osteoporosis n (%) 19 (58) 12 (35) 31 (46) -
Kidney dysfunction n (%) 9 (27) 11 (32) 20 (30) -
Liver dysfunction n (%) 13 (39) 12 (35) 25 (37) -
Hypertension n (%) I (33) 10 (29) 21 (31) -
Hyperlipidemia n (%) 6 (18) 2 (6) 8 (12) -
Leukocytosis n (%) 309 4 (12) 7 (10) -
Polycythemia n (%) 6 (18) 4 (12) 10 (15) -
ALT 27.06+17.68 24.74427.61 24.4+16.2 -
PLT 252.76+64.58 263.82+79.87 258+73 -
ESR (mm/h) 27.47+16.9 18.72+11.39 23.03+15.02 -
CRP (mg/L) 10.7+7.99 2.95+1.29 6.77+6.88 -
ASDAS-CRP 2.05+0.56 0.76+0.19 1.59+0.62 -

Notes: Values are expressed as number (%), mean * standard deviation (SD) unless otherwise indicated. There was no significant difference in age and sex between AS
patients and healthy controls.

Abbreviations: HLA-B27, Human leukocyte antigens-B27; ALT, alanine aminotransferase; PLT, Platelet; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
ASDAS-CRP, ankylosing spondylitis disease activity-CRP.

transcription reaction. Complementary DNAs (cDNAs) were prepared with the RevertAid First Strand cDNA Synthesis
kit (Thermo Scientific, USA). The primers were synthesized by Sangon Biotech (Shanghai, China): B-actin forward
primer 5-TCCTCTCCCAAGTCCACACAGG-3', reverse primer 5-GGGCACGAAGGCTCATCATTC-3’; MT-1 for-
ward primer 5'-AGAGTGCAAATGCACCTCCTGC-3', reverse primer 5'-CGGACATCAGGCACAGCAGCT-3'". Real-
time polymerase chain reaction (RT-PCR) amplification reactions were prepared with the SYBR Green PCR kit
(Transgen Biotech, China) and performed using the CFX96 RT-PCR system (Bio-Rad, USA). PCR products were
verified using the melting curve analysis. The relative mRNA level of MT-1 was calculated with normalization to control
the housekeeping gene B-actin and was reported using the 2—AAct method.

Enzyme-Linked Immunosorbent Assay
Serum levels of MT-1 (EIAab Science Inc, Wuhan), TNF-a, IL-1B, and IL-6 were quantified using enzyme-linked
immunosorbent assay (ELISA) kits (eBioscience, USA) according to the manufacturer’s instructions.

Statistical Analysis

All data were expressed as the mean +standard error of the mean and were analyzed using GraphPad Prism software.
Differences between the two groups were determined using a two-tailed Student’s #-test. The Spearman correlation test was
used to investigate the correlations between serum MT-1 levels and laboratory values, as well as serum cytokine levels.
A one-way analysis of variance was used for multiple comparisons. Here, p < 0.05 was considered statistically significant.

Results
Increased MT-1 mRNA and Serum Protein Levels in Patients with AS, Especially Those
with Active AS

The level of MT-1 is increased in patients with OA and inflammatory bowel disease (IBD), both of which are
complications of AS, and positively correlated with the disease activity, and MT-1 alleviates the symptoms and
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Figure | Comparison of MT| mRNAs and protein levels between AS and HC. (A) Expressions of MT1 in PBMCs from AS patients (n = 67) and healthy controls (HC, n=38)
were measured by RT-PCR, results are showed as meant SEM. (B) Serum MT 1 protein levels in AS patients (n= 67) and HC (n= 38) were measured by ELISA. Each symbol
represents an individual patient and HC. Horizontal lines indicate median values. Differences between two groups were performed with unpaired Student’s t-test. *P<0.05;

**P<0.01.

inflammation of diseases.'***** To investigate the association between MT-1 and AS, the expressions of MT-1 mRNA in
PBMC:s and serum MT-1 protein levels from 67 patients with AS and 38 healthy controls (HCs) were detected using RT-
PCR and ELISA, respectively. As shown in Figure 1A and B, the mRNA and protein levels of MT-1 were significantly
higher in patients with AS than in HCs. Furthermore, we found that MT-1 expression was increased remarkably in
patients with active AS compared with those with inactive AS and HCs, whereas the level of MT-1 was not different
between patients with inactive AS and HCs (Figure 2A and B). Thus, we speculated that MT-1 is closely related to the

AS disease activity and may be involved in AS pathogenesis.

Correlation Between Serum MT-1 Levels in Patients with AS and ASDAS-CRP as Well

as Other AS Laboratory Indexes
To further study the relevancy of the association between AS and MT-1, the correlation between the level of serum MT-1

protein and the values of ASDAS-CRP, C-reactive protein (CRP) level, and erythrocyte sedimentation rate (ESR) were
examined. The results showed that serum MT-1 protein levels were positively correlated with ASDAS-CRP (r = 0.4785,
p = 0.0001), CRP levels (r = 0.4105, p = 0.0006), and ESRs (r = 0.3220, p = 0.0079; Figure 3A—C), confirming that the

level of MT-1 is positively correlated with AS activity and inflammation.
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Figure 2 Comparison of MT| mRNAs and protein levels among AS patients with active disease and inactive disease as well as HC with tophi. (A) The mRNA expressions of
MT 1 in PBMCs from active AS patients (n=33) and inactive AS patients (n = 34) and healthy control (HC) (n = 38) were measured by RT-PCR; (B) Serum MT-1 protein levels
in active AS patients (n= 33) and inactive AS patients (n = 34) and HC (n = 38) were measured by ELISA; Differences between two groups were performed with one-way
ANOVA multiple comparisons. *P<0.05; ****P<0.0001.

Abbreviation: NS, no significant.
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Figure 3 Correlation of serum MT1 levels and AS clinical indexes. Serum MT]1 levels in AS patients (n = 67) were positively correlated with ASDAS (A), CRP (B) and ESR
(C). ASDAS, Ankylosing Spondylitis Disease Activity Score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate. Each symbol represents an individual Gout patient.
Spearman correlation analysis was used to calculate significance. P < 0.05 represents a significant difference.

Correlations Between Serum MT-1 Levels and as Clinical Features

To assess the relationships between serum MT-1 protein levels and the clinical features of AS, the levels of MT-1 proteins
in patients with and without AS definite clinical features were analyzed. The results showed that the serum MT-1 protein
level was not significantly different among patients with hypertension, hyperlipidemia, liver dysfunction, kidney
dysfunction, leukocytosis, and polycythemia (Table 2). Interestingly, the expressions of MT-1 were significantly higher
in patients with osteoporosis (OP) than in patients without OP and HCs (Figure 4A and B). However, the levels of MT-1
in patients with AS without OP were not significantly higher than those in HCs (Figure 4A and B). Patients with AS were
recruited in our study, and among 31 patients with OP, 22 (70.9%) had active AS, whereas among 36 patients without OP,
11 (30.6%) had active AS. These are consistent with the finding that the level of MT-1 is high in patients with active AS
(Figure 2A and B) and positively correlated with the AS activity (Figure 3A—C), explaining why the expression of MT-1
in patients with AS without OP was not significantly higher than that in HCs. These results indicate that the expressions
of MT-1 are closely related to AS with OP, AS activity, and AS severity.

Elevated Serum Levels of Proinflammatory Cytokines in Patients with AS and They

Correlated with the Serum MT-1 Level

Studies have reported that proinflammatory cytokines play an important role in AS pathogenesis. The serum levels of
TNF-a, IL-6, and IL-17 in patients with AS and HCs were detected using ELISA. Consistent with previous reports''*
the results showed that TNF-q, IL-6, and IL-17 were remarkably higher in patients with AS than in HCs (Figure SA—C).
To investigate the correlation between MT-1 and inflammation cytokines in AS, we performed a correlation analysis of
MT-1 with TNF-a, IL-6, and IL-17 by using the Spearman correlation test. MT-1 levels were positively correlated with
the expression of TNF-a, IL-6, and IL-17 (Figure 6).

Table 2 Serum MT-1 Protein Levels in the Presence or Absence of as Clinical Characteristics

Clinical n Present n Absent P- value
Characteristics Median (Interquartile Range) Median (Interquartile Range)
Osteoporosis 31 514.35(400.12 to 643.39) 36 374.26(214.15 to 456.21) <0.0001
Hypertension 21 441.16(287.12 to 525.37) 46 413.78(314.29 to 564.13) ns
Hyperlipidemia 8 454.81(248.19 to 500.99) 59 417.36(314.29 to 549.25) ns
Liver dysfunction 25 415.19(345.13 to 528.36) 42 440.42(287.12 to 549.25) ns
Kidney dysfunction 20 428.18(345.49 to 549.14) 47 417.36(264.13 to 538.64) ns
Leukocytosis 7 467.46(168.55 to 528.36) 60 416.27(314.29 to 549.14) ns
Polycythemia 10 448.69(394.26 to 527.46) 57 415.19(295.72 to 549.14) ns

Notes: Differences between two groups were performed with unpaired Student’s t-test for nonparametric data. P< 0.05 represents a significant
difference.
Abbreviation: NS, not significant.
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Figure 4 MT-I mRNA and protein levels in AS patients with or without osteoporosis. The expression of MTI mRNA (A) and MT| protein levels in serum (B) were
measured in AS patients with OP (n= 31) and without OP (osteoporosis, n= 36) as well as HC (n= 38). Results are showed as mean+ SEM. Each symbol represents an
individual patient and HC. Horizontal lines indicate median values. Differences between two groups were performed with one-way ANOVA multiple comparisons. **P<0.01;
*¥P<0.0001.

Abbreviation: NS, no significant.
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Figure 5 Serum cytokines TNF-o, IL-6 and IL-17 levels in AS patients and HCs. The protein levels of TNF-a (A), IL-1B (B) and IL-6 (C) in serums from AS patients (n= 67)
and HC (n= 38) were measured by ELISA. Results are showed as meant SEM. Each symbol represents an individual gout patient and HC. Horizontal lines indicate median
values. Differences between two groups were performed with unpaired Student’s t-test. **P<0.01; ***P<0.001.
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Figure 6 Correlation of serum MT-1 and pro-inflammatory cytokines in AS patients. Serum MT-1 levels were positively associated with TNF-a (A), IL-1p (B) and IL-6 (C).
Each symbol represents an individual gout patient. Spearman correlation analysis was used to calculate significance. P < 0.05 represents a significant difference.

Discussion
The immunoregulatory activity of MT-1 has been elucidated by accumulated evidence. MT-1 producing dendritic cells

preferentially drive naive CD4" T cell differentiating into Treg cells through inhibiting the phosphorylation of signal

3.26

transducer and activator of transcription 1 (STAT)1/ Our previous study showed that MT-1 can negatively regulate
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Th17 cell differentiation under Th17-skewing cell culture conditions by abolishing STAT3 phosphorylation.'® MT-1 has
been proven to suppress the Wnt/B-catenin pathway by reducing the nuclear translocation of B-catenin and to inhibit
phosphatidylinositol 3-kinase/protein kinase B (Akt) signaling by limiting Akt phosphorylation. The immunoregulatory
function of MT-1 in the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) pathway is contradictory,
and the overexpression of the MT-1 gene in MT-knockout cells reduced TNF-a-induced NF-kB-dependent gene
production through dampening IkBa degradation;>’ on the other hand, MT-1 increases the migration and invasion of
glioma cells by enhancing the activation of matrix metallopeptidase 9 through raising the p50 activity of NF-kB.*®

The level of MT-1 has shown to increase the number of noninfectious inflammatory diseases, including multiple
sclerosis,?’° Parkinson disease,’! Alzheimer disease,>” amyotrophic lateral sclerosis,> atopic dermatitis,”* IBD,** OA,"
and RA.'® Furthermore, studies have demonstrated that MT-1 acts as an immune mediator to suppress inflammatory
responses in these diseases by downregulating disease-related proinflammatory cytokines.'®!?*2°* Here, our results
indicated that the levels of MT-1 mRNA in PBMCs and proteins in serum were significantly elevated in patients with AS
(Figure 1), especially in patients with active AS (Figure 2) and in patients with OP (Figure 4) compared with HCs.
Furthermore, results showed that the level of serum MT-1 was positively correlated with the disease activity and clinical
indexes ASDAS-CRP, CRP level, and ESR (Figure 3). On the basis of the fact that MT-1 is upregulated in active
inflammatory diseases and that they attenuate the activity of noninfectious inflammatory diseases'®'***2°3 it is
reasonable to infer that MT-1 may play an immunoregulatory role in AS.

The mechanism by which MT-1 is upregulated in patients with active AS is still unclear. Studies have shown that MT-
1 can be induced by proinflammatory cytokines TNF-o and IL-6, which have been demonstrated by intracellular
overexpression of the TNF-a or IL-6 gene and injection of exogenous recombinant TNF-a or IL-6 proteins. These
results were further confirmed by knockout TNF-a type 1 receptor and IL-6 with diminished levels of MT-1 in mice.*>*
Our published data showed that intracellular overexpression of MT-1 suppressed TNF-o, IL-6, and IL-17 in collagen-
induced arthritis, and under Th17 cells—skewing culture conditions, recombinant MT-1 restrained the differentiation of
naive CD4" T cells into Th17 cells but increased Treg-cell production.'® The present study indicated that the serum levels
of TNF-a, IL-6, and IL-17 were significantly upregulated in patients with AS compared with HCs (Figure 5).
Importantly, the results also showed that the serum level of MT-1 was positively correlated with the levels of
proinflammatory cytokines TNF-a, IL-6, and IL-17 in patients with AS (Figure 6). Taken together, MT-1 can be induced
by proinflammatory cytokines TNF-o and IL-6, whereas AS-related proinflammatory cytokines TNF-a, IL-6, and 1L-17
are inhibited by MT-1 in immunoinflammatory diseases. Therefore, the elevated MT-1 in patients with active AS may
influence the regulation of inflammation in AS.

During the active stage of AS, inflammation provokes a respiratory outburst to generate a large amount of superoxide;
the oxidative stress exacerbates the inflammatory reaction and releases Zn>" from the pool of MT-bound zinc in the cells.
The levels of MT-1 can be drastically increased by hydrogen peroxide (H,O,) direct binding to an antioxidant-responsive
element of the MT-1 gene promoter, whereas Zn>" upregulates MT-1 production through the activation of a metal-
responsive transcription factor, a transcriptional factor for metal-responsive elements in the promoter of the MT-1
gene.*' ™ Thus, the high level of MT-1 is the result of orchestrating the intricate interplay among proinflammatory
cytokines, ROS, and zinc ions, in which the inflammation, ROS, and Zn>" form a positive feedforward and feedback loop
to efficiently upregulate the level of MT-1. MT-1 has been shown to possess a strong antioxidant ability by scavenging
a wide range of ROS and RNS, including H,0,, and serving as heavy metal acceptor and donor to maintain the stability
of heavy metals in cells.** The elevated MT-1 induced by ROS and heavy metals, in turn, suppresses the inflammation
and restores the immune homeostasis, thereby avoiding tissue damaged by an excessive immune response and attenuat-
ing apoptosis by inhibiting caspase cascade activity in noninfectious inflammatory diseases®'**** Therefore, the
expression of MT-1 was upregulated in patients with active AS (Figure 2) and positively correlated with the AS disease
activity (Figure 3), which demonstrates the potential of MT-1 to contribute to the host defense system and act as an
immune suppressor to mediate AS inflammation and pathogenic development through antioxidative stress.

Journal of Inflammation Research 2022:15 hetps: 5941

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ma et al Dove

Conclusions

Our study showed that the MT-1 level is significantly increased in patients with AS, and it is positively associated with
proinflammatory cytokines, disease activity, complication, and clinical indexes. Furthermore, studies are needed to directly
demonstrate the immunoregulatory function of MT-1 in AS and elucidate the immunoregulatory mechanism of MT-1 in AS.
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