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Effects of endoplasmic reticulum stress on the expression of inflammatory cytokines in patients with ulcerative colitis
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Abstract
AIM: To explore the changes of X-box binding protein 1 splicing (XBP1s) and inflammatory cytokine expression in patients with ulcerative colitis (UC) in response to endoplasmic reticulum stress (ERS).
METHODS: Reverse transcription polymerase chain reaction and quantitative polymerase chain reaction were performed to detect the forms of XBP1s and the expression of interleukin (IL)-2, interferon (IFN)-, and IL-17. Differences between patients with UC and normal subjects were then determined.
RESULTS: Mononuclear cells of the peripheral blood of normal subjects and UC patients with were stimulated with no drugs (control), phytohemagglutinin (PHA), thapsigargin (TG), or both PHA and TG. XBP1s in patients with UC exhibited splicing, which was greater with co-stimulation than single stimulation. Co-stimulation increased the expression level of IL-2, IFN-, and IL-17.
CONCLUSION: The T lymphocytes of both normal subjects and patients with UC responded to ERS by activating the XBP1s-mediated signalling pathway, upregulating the expression of inflammatory cytokines, and increasing the occurrence of inflammation. The mononuclear cells in the peripheral blood of patients with UC were more sensitive to ERS than those in the peripheral blood of normal subjects.
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Core tip: Endoplasmic reticulum stress (ERS) can repair stress-induced cell damage and restore normal cell function by the inositol-requiring enzyme 1/X-box binding protein 1 splicing (IRE1/XBP1) signalling pathway. However, the link to ulcerative colitis (UC) remains unclear. In the present study, we report that T lymphocytes respond to ERS by activating the IRE1/XBP1 signalling pathway, upregulating the expression of inflammatory cytokines, and increasing the occurrence of inflammation. In addition, mononuclear cells in the peripheral blood of patients with UC were more sensitive to ERS than normal subjects.

INTRODUCTION
The endoplasmic reticulum regulates protein synthesis and folding and promotes the synthesis of various lipids, such as cholesterol and steroids. Various physiological or pathological states, such as an increase in unfolded proteins, synthesis of misfolded proteins, dysregulation of intracellular calcium ions, and changes in intracellular redox state, can cause the occurrence of endoplasmic reticulum stress (ERS)[1]. ERS can repair stress-induced cell damage and restore normal cell functions through an unfolded protein response. Inositol-requiring enzyme 1(IRE1)/X-box binding protein 1 splicing (XBP1) is an important sig​nalling pathway in ERS; IREI/XBPI can reduce protein synthesis, promote protein degradation, increase chaperone generation, slow down ERS occurrence, and return cellular functions to normal. Under ERS, the IREI/XBPI pathway can activate c-Jun N-terminal kinase (JNK)[2,3] related signalling pathways. As a result, release of cytokines and bio-chemotactic factors is promoted, and the body’s natural immune system is activated. Researchers have investigated changes in Toll-like receptors[4] and cytokines as well as the immune system to explain the pathogenesis of inflammatory bowel disease and ulcerative colitis (UC). The IREI/XBPI signalling pathway can conserve the integrity of the intestinal mucosal barrier, maintain the number of intestinal Paneth cells, and promote the secretion of cytokines inside the intestine. In this manner, the intestinal mucosa is protected, and the occurrence of intestinal inflammation is reduced[5-7]. However, studies have yet to describe the effects of ERS on T lymphocytes and the corresponding changes in patients in response to ERS. Hence, we determined whether XBPI influences the incidence of UC by adjusting the acquired immune response.

MATERIALS AND METHODS
Main equipment and reagents

Main instruments: The following instruments were used in this study: low-temperature high-speed centrifuge (Eppendorf, Hamburg, Germany); dry thermostat (Hangzhou ORSUS biotechnology Co, Hangzhou, China); DNA diffusion meter (PE, United States); real-time polymerase chain reaction (PCR) system (Eppendorf); polyacrylamide gel electrophoresis and electro​transferring instrument (Bio-Rad Co., Hercules, CA, United States); inverted fluorescence microscope (Nikon, Tokyo, Japan); CO2 incubator (Thermo Scientific, Boston, MA, United States); high-speed desktop centrifuge (Eppendorf); low-temperature high-speed desktop centrifuge (Eppendorf); vortex turbulencer (Beijing Tongzheng Biotechnology Co., Ltd., Beijing, China); cryogenic tank (Haier Electric Co., Qingdao, China); chemiluminescence analyser (DLR, USA); temperature controller module (Eppendorf; pure water (Millipore, Billerica, MA, United States); Ultraviolet (UV) spectrometer (Pharmacia, Piscataway, NJ, United States); and agarose gel electrophoresis tank (Beijing Liuyi Instrument plant, Beijing, China).
Reagents: The following reagents were used in this study: chloroform, isopropanol, and ethanol (Beijing Chemical Plant); concanavalin A (ConA) (Sigma, St Louis, MO, Unites States); phytohemagglutinin (PHA) (Sigma); thapsigargin (TG) (Sigma); RPMI-1640 medium (Beijing Neuron biotech Co.); FBS (Gibco, Carlsbad, CA, United States); RNAiso Plus (Takara, Tokyo, Japan); RNA reverse transcription kit (Takara, Japan); real-time kit (Takara, Japan); SYBR (Kangwei Reagent Company, Xinzhuang, China); agarose (GENE Co., Chai Wan, China); Goodview (SBSbBio Genentech, Shanghai, China); and lymphocyte stratification fluid (Sigma).

Experimental methods

Normal control (Ctrl) subjects and patients with UC: The normal Ctrl group comprised 18 healthy volunteers (13 males and five females) aged 25–55 years (with a mean age of 40 years). These volunteers were selected from May 2012 to March 2013 from the Department of Gastroenterology, Hospital of General Staff Headquarters and excluded from the UC diagnostic criteria. All of the normal subjects were screened for high blood pressure, coronary heart disease, cerebrovascular accidents and other cardiovascular diseases, diabetes, thyroid dysfunction, and other endocrine, gastroenterological, and metabolic diseases, liver-kidney-pancreatic diseases, hypoxia-related diseases, inflammation, cancer, and stress response. A total of 21 UC patients aged 23–54 years (with a mean age of 39 years) were selected from May 2012 to March 2013 from the Department of Gastroenterology, Hospital of General Staff Headquarters, Xiyuan Hospital and West division of Chaoyang Hospital. Of the 21 patients, 16 were males and five were females. These patients were diagnosed with moderate to severe UC in accordance with the “consensus of diagnosis and treatment of UC”, enacted in Jinan in 2007. The patient data are shown in Table 1.
Cell isolation and primary culture were performed in accordance with the principles and methods of American Type Culture Collection (ATCC).

Grouping and treatment of human peripheral blood mononuclear cells

Peripheral blood mononuclear cell suspensions were obtained from normal volunteers and patients with UC; these suspensions were then seeded in 12-well plates with 1 mL of the cell suspension in each well. The cell density was adjusted to 5 × 108 cells/L.

 The experiment was divided into two groups, namely, the peripheral blood mononuclear cells from normal volunteers and those from patients with UC. Each group was further divided into four subgroups, namely, the Ctrl group, the PHA stimulation group, the TG stimulation group, and the PHA + TG co-stimulation group. Each group was set in triplicate wells, and the experiment was repeated thrice.

Drugs were not added to the Ctrl group. A 20 L PHA solution was added to the PHA stimulation group at a final concentration of 5 g/mL. Thirty microliters TG solution was added to the TG stimulation group at a final concentration of 300 nmol/L. Twenty microliters PHA solution and 0 L TG solution were added to the PHA + TG co-stimulation group. The groups were cultured at 37 ℃ and 5% CO2 for 12 h; afterwards, the cells were collected to extract RNA for subsequent use.

Real-time polymerase chain reaction

Extraction of total RNA: The total RNA was extracted using the TRIzol method and stored at -70 ℃ for reverse transcription.

Analysis of experimental results: After the reaction, the amplification curve and the melting curve of real-time PCR were confirmed. Meanwhile, the PCR quantitation standard curve was performed. The primer sequences are shown in Table 2.

PCR products were then added onto the agarose gel tank for electrophoresis to observe the splicing of XBP1 among the primer sequences of the groups (Table 3).

Statistical analysis

The experimental data were expressed as mean ± SD, and the statistical software Graphpad Prism 5.0 (La Jolla, CA, United States) was used to plot the data. T tests were performed to determine significant differences between groups; where P < 0.05 was considered statistically different and P < 0.01 was considered significantly and statistically different.

RESULTS
XBP1s and the expression of inflammatory cytokines in peripheral blood mononuclear cells of normal and UC patients under ERS

Human T lymphocytes were stimulated and activated, and, from the perspective of ERS effects, they produced effects towards the endoplasmic reticulum through XBPI. Under the ERS state, T lymphocytes could stimulate the adaptive immune system through XBPI, thus promoting the expression of inflammatory cytokines.

XBP1s in peripheral blood mononuclear cells of activated UC patients under ERS

The peripheral blood mononuclear cells of UC patients were extracted, stimulated, experimentally grouped, and then divided into the Ctrl group and the PHA stimulation group (with a stimulation concentration of 5 g/mL). The cells of the TG group were collected 12 h after the stimulation to detect XBPIs. The results are shown in Figure 1. The expression of XBPIs in the PHA-TG co-stimulation group was significantly increased relative to that in the Ctrl group.
The cells were collected from the four groups after 12 h of stimulation, and the expression of interleukin (IL)-2, interferon (IFN)-, IL-17, IL-4, and other cytokines were detected. The results are shown in Figure 2. After TG-PHA co-stimulation, the expression of IL-2, IFN-, and IL-17 was significantly increased relative to that in the Ctrl group.

To study the changes of XBP1s and the differences in the expression of inflammatory factors in the peripheral blood mononuclear cells of the healthy Ctrl group and the UC group, additional peripheral blood was extracted from normal volunteers. From this blood, mononuclear cells were extracted, and these cells were stimulated PHA, TG, or both. The experiment was divided into four groups, namely, the Control group, the PHA stimulation group (with a concentration of 5 g/mL), the TG stimulation group (with a final concentration of 300 nmol/L) and the PHA + TG co-stimulation group. The cells were harvested after 12 h of stimulation to detect the status of XBPIs. The results are shown in Figure 3. XBPIs showed no significant change after PHA-TG co-stimulation.

To study the difference in the expression of inflammatory cytokines in the peripheral blood mononuclear cells of the healthy Ctrl group and the UC group under ERS, we conducted the following experiment. The subjects were divided into two groups: the normal group and the UC patient group. Each group was then further subdivided into four subgroups, namely, the Ctrl group, the PHA stimulation group (with a final concentration of 5 g/mL), the TG stimulation group (with a final concentration of 300 nmol/L), and the PHA+TG co-stimulation group. The cells were harvested after 12 h of stimulation to detect the expression of 1L-2, IFN-, 1L-17, and other cytokines. The results are shown in Figure 4. The expression levels of IL-2, IFN-, and IL-17 in the PHA-TG co-stimulation group were significantly increased compared with the levels found in normal volunteers.

 PHA stimulation activated T lymphocytes in the peripheral blood mononuclear cells of normal volunteers and UC patients. When TG stimulation was performed under the ERS status, PHA-TG co-stimulation on the peripheral blood mononuclear cells of UC patients caused significant enhancement of XBP1s compared with the Ctrl group, the PHA stimulation group, and the TG stimulation group. No significant difference in XBP1s was found in the normal population. Meanwhile, PHA-TG co-stimulation of peripheral blood mononuclear cells in normal subjects did not significantly change the expression of IL-2, IFN-, and IL-17. However, the expression of the above cytokines in UC patients was increased with co-stimulation, and the differences were statistically significant, indicating that under the same ERS status, the T lymphocytes in UC patients were much more sensitive towards ERS than normal subjects. UC patients may express more pro-inflammatory cytokines, thus increasing the inflammation response.

DISCUSSION
Inflammatory intestinal diseases (including UC and Crohn’s disease) are chronic non-specific diseases that occur inside the intestine[8]. Currently, the causes are still unclear, although one study has shown that some environmental factors and dietary factors can modulate the clinical course of inflammatory bowel disease (IBD)[9]. Most scholars have classified UC and Crohn’ disease as autoimmune diseases[10]. Because the cause of these diseases is unknown, the diagnosis rate is low, and the treatment effects and prognoses are poor. However, the use of biological drugs has opened up new horizons in the management of inflammatory bowel diseases, but the long prognosis remains uncertain[11]. Thus, the problem of diagnosis and treatment continues to be perpetuated. As an organelle of the body, the endoplasmic reticulum plays an important role in the synthesis, maturation, and transport of proteins as well as in the maintenance of calcium homeostasis[12], which affects the folding, quality control, and transport regulation of proteins[13]. Any changes of in vitro and in vivo conditions affect the functions of the endoplasmic reticulum, thus blocking protein processing and causing a large number of folded proteins to accumulate inside the endoplasmic reticulum, leading to endoplasmic reticulum dysfunction[14]. To ease the pressure of the endoplasmic reticulum, the chaperone binding protein (BiP) dissociates from three important signalling molecules PKR-like endoplasmic reticulum kinase (PERK), activating transcription factor 6 (ATF6), and inositol requiring 1 (IRE1) inside the ERS pathway[13,15-17]. Normally, BiP directly acts on the folding protein to promote protein folding and input the synthesised proteins into the endoplasmic reticulum. BiP also releases the pressure of the endoplasmic reticulum, thereby returning endoplasmic reticulum functions back to normal. If the folded proteins of the endoplasmic reticulum were continuously generated at an enormous rate, the pressure would be sustained and the loading would be increased. The PERK, ATF6, and IRE1 pathways would be activated and would reduce the synthesis of proteins, promote the degradation of proteins, and increase the generation of BiP, thus slowing the occurrence of ERS. However, if the pressure load inside the endoplasmic reticulum is not lifted, it would eventually lead to apoptosis[18]. During the occurrence of ERS, the immune system, the channels associated with inflammation and pressure, and the oxidative stress pathways are affected; hence, a number of chronic metabolic diseases and autoimmune diseases, such as type 2 diabetes, fatty liver, neuropathic lesions and various tumours and inflammatory intestinal diseases, would be induced[19]. Recent studies have linked ER stress and the UPR to IBD[20].

Experiments have shown that under ERS, the IRE1/XBP1 pathway could activate the body’s natural immune system through TLR (Toll-like receptors)[4]. On the one hand, the activation of XBP1 within macrophages could promote the induction of NOX2 NADPH oxidase by TLR[21]. On the other hand, it could activate the ROS system[22], thus causing the activation of XBP1. This activation would ultimately activate NF-KB, JNK, and other signalling pathways[2,23,24], promote the secretion of IL-6, TNF, and other cytokines, and act in the early stage of immune response[22]. Under ERS, the expression of XBP1s significantly increased after activation of human T lymphocytes[25]; the expression of IL-2, IFT-, and IL-17 increased, and inflammation increased. Compared with inactivated T lymphocytes, the activated T lymphocytes exhibited a significant enhancement of XBP1s after TG stimulation. XBP1s is the active form of XBP1. When the IRE1/XBP1 signalling pathway was activated, XBP1s was significantly enhanced[26]. In comparison with T lymphocytes activated by single stimuli, the mRNA expression levels of IL-2, IFN-, and IL-17 was significantly increased after the co-stimulation of the activator and TG[27-29]. Collectively activated T lymphocytes affect ERS by XBP1, namely; under ERS, XBP1 could not only activate the innate immune response[30] but also activate the body’s acquired immune response and release cytokines. Acquired immune response is one of the most important parts of the immune system, playing a key role in the body’s processing of the immune response. Acquired immunity participates in and affects the occurrence and development of various autoimmune diseases, and influences their prognosis. Previous studies found that the incidence of inflammatory intestinal diseases was most closely related to the autoimmune system. The TLR family was shown to regulate T cells through 15 natural immunity and CD4+CD25+[31] and to play important regulatory roles in the pathogenesis of IBD by adaptive immunity. Some cytokines, such as TNF, IL-17, IL-23, and TGF-, play important roles in the pathogenesis of inflammatory intestinal diseases, though the inflammatory intestinal diseases are still not clearly understood. In this study, key molecules in the three channels of endoplasmic reticulum were detected. The expressions of IRE1/XBP1 and ATF6 in the intestinal epithelial mucosa of patients with severe UC were much higher than expressions in the normal volunteers, while the expression of PERK was reduced[32]. ERS occurred in patients with inflammatory intestinal disease, while the specific mechanism was still unclear.

 Our experiment was designed and conducted based on ERS activation of the acquired immune system in UC patients, and it role in the occurrence and development of UC. We sampled the peripheral blood of UC patients, separated the mononuclear cells, and then stimulated them with PHA to activate the T lymphocytes. Meanwhile, the TG stimulation was also performed to detect the conditions of XBP1s. Under ERS, UC patients exhibited obvious XBP1s inside the activated T lymphocytes, which was significantly enhanced compared with the unstimulated group and the PHA or TG single-stimulation group. We also detected the cytokines of each group after treatment and found that the mRNA expression of IL-2, IFN-, and IL-17 in the peripheral blood mononuclear cells of UC patients was significantly increased after co-stimulation by PHA and TG. We also isolated the peripheral blood mononuclear cells from healthy subjects and stimulated them with PHA, TG, or a combination of both. The results showed that after co-stimulation, the expression of IL-2, IFN-, and IL-17, as well as XBP1s was increased. However, compared with the UC patients, the expression of cytokines and XBP1s in the other groups was significantly reduced. Thus, we believe that the peripheral blood mononuclear cells of UC patients were much more sensitive to ERS. Under ERS, the expression of XBP1s in the peripheral blood mononuclear cells of activated UC patients was much more obvious and could activate the body to achieve the acquired immune response to promote the expression of cytokines, such as IL-2, IFN- and IL-17, aggravating the occurrence of UC.

 The activation of T lymphocytes and peripheral blood mononuclear cells in UC patients by TG stimulation significantly increased the expression of IL-2, IFN-, and IL-17. The expression of IL-14, however, was not significantly changed. T helper (Th) cells inside the body’s T cells were divided into two subtypes (Th1 and Th2), and IL-2 and IFN- were expressed by Th1-type cells, while IL-4 was expressed by Th2 cells. Under normal circumstances, Th1yu and TH2 exist in dynamic equilibrium. The expression of IL-2, IFN-, and IL-17 increased, while IL-4 was not increased, indicating that under ERS, lymphocytes drifted towards Th1. The Th1 cells mainly mediate the cellular immune response, and are thus involved in inducing the occurrence of organ-specific autoimmune diseases. This observation further indicated that the body was more likely to develop autoimmune diseases under ERS, which might be an important mechanism for the occurrence of UC. Under ERS, the expression of IL-2, IFN-, and IL-17 in the lymphocytes of UC patients were increased, while the expression of IL-4 showed no significant change, indicating that the lymphocytes in UC patients drifted towards TH1; no such phenomenon occurred in healthy people, which is consistent with literature[33].

IL-17 is a cytokine secreted and released by the TH17 subgroup. As a pro-inflammation cytokine, IL-17 often plays roles in autoimmune and infectious diseases[34]. The expression of IL-17 was significantly increased during the process of UC[35]. We used CT to stimulate the peripheral blood mononuclear cells of normal subjects and activated UC patients and found that compared with normal people, the expression of IL-17 was increased in the lymphocytes of UC patients. In addition, the expression of IL-17 increased by the PHA–CG co-stimulation was significantly higher than PHA stimulation alone. We used TG to stimulate the activated human T lymphocytes, and the expression of IL-17 was significantly increased, indicating that ERS could activate T lymphocytes to express IL-17, thus aggravating inflammation. We used TG to stimulate the activated lymphocytes in UC patients, and the expression level was significantly higher than that in PHA or TG stimulation alone, indicating that UC patients were much more sensitive to ERS.

In summary, under ERS, activated human T lymphocytes could affect the endoplasmic reticulum and promote the expression of inflammatory cytokines through XBP1s, and the lymphocytes drifted towards Th1. Therefore, we considered that under ERS, the acquired immune response could be activated, thus promoting the expressions of inflammatory cytokines and aggravating the occurrence of autoimmune diseases. UC is considered an autoimmune disease. Compared with normal healthy individuals, the peripheral blood lymphocytes of UC patients were much more sensitive to ERS. The lymphocytes could respond to ERS through XBP1s, thus activating the body to achieve the acquired immune response, promoting the expressions of IL-2, IL-17, and IFN-. This response might contribute to the pathogenesis of UC; blocking this pathway might be one way to treat UC, although it still needs to be confirmed by further experiments.

In conclusion, this study found that human T lymphocytes responded to ERS through XBP1s and promoted the secretions of IFN-, IL-17, and IL-2. In addition, we also found that the peripheral blood mononuclear cells of UC patients were much more sensitive to ERS. The T lymphocytes of the patient could respond to ERS through the IRE1/XBP1 pathway, activate the body to obtain the acquired immune response, and promote the expression of inflammatory cytokines. Hence, T lymphocytes play important roles towards the occurrence and development of inflammation.

COMMENTS
Background

Various physiological or pathological states can cause the occurrence of endoplasmic reticulum stress (ERS); ERS can repair stress-induced cell damage and restore normal cell functions through an unfolded protein response. Inositol-requiring enzyme 1(IRE1)/X-box binding protein 1 splicing (XBP1) is an important signalling pathway in ERS. Although the IREI/XBPI signalling pathway can conserve the integrity of the intestinal mucosal barrier, maintain the number of intestinal Paneth cells, and promote the secretion of cytokines inside the intestine, no studies have yet described the effects of ERS on T lymphocytes and the corresponding changes in patients in response to ERS. Hence, the authors determined whether XBPI influences the incidence of UC by adjusting the acquired immune response.

Research frontiers

Experiments showed that under ERS, the expression of XBP1s is significantly increased after human T lymphocytes were activated and that the IRE1/XBP1 pathway could activate the body’s natural immune system through TLR. This activation would ultimately activate NF-B, JNK, and other signalling pathways, promote the secretion of IL-6, TNF, and other cytokines, and act in the early stage of immune response.

Innovations and breakthroughs

This study provided direct evidence that T lymphocytes of patients with UC respond similarly to those of normal subjects. The response was through the XBP1s-mediated signalling pathway and was associated with activation of the expression of inflammatory cytokines and increased occurrence of inflammation. In contrast, the mononuclear cells of peripheral blood of UC patients were more sensitive to ERS than the normal subjects.

Applications

Mononuclear cells of peripheral blood may be a possible target in the treatment of UC.

Terminology

ERS, the stress status of the endoplasmic reticulum, repairs stress-induced cell damage and restores normal cell function. IRE1/XBP1 are two kinds of proteins that promote the pathway of ERS repair.

Peer-review

In this interesting study, Nan et al explored changes in XBP1s forms and the expression of inflammatory cytokines in patients with UC towards ERS. The results of this study are good.
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Figure Legends
[image: image2.png]PHA+TG

500 bp

300 bp.





Figure 1  Expression detection of X-box binding protein 1 splicings in the phytohemagglutinin-thapsigargin co-stimulation group. After PHA-TG co-stimulation, the expression of XBPIs in the co-stimulation group was significantly greater than the Ctrl group. PHA: Phytohemagglutinin; TG: Thapsigargin; XBP1: X-box binding protein 1 splicing.
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Figure 2  Expression of IL-2, IFN-, and IL-17 in the phytohemagglutinin-thapsigargin co-stimulation group. After PHA-TG co-stimulation, the mRNA expression of IL-2, IFN-, and IL-17 in the co-stimulation group were significantly increased, while that of IL-4 did not change. PHA: Phytohemagglutinin; TG: Thapsigargin.
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Figure 3  XBPIs detection after phytohemagglutinin-thapsigargin co-stimulation in the peripheral blood mononuclear cells of normal participants. XBPIs showed no significant change after the PHA-TG co-stimulation among the groups. PHA: Phytohemagglutinin; TG: Thapsigargin.
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Figure 4  Comparison of the expression of IL-2, IFN-, and IL-17 in the peripheral blood mononuclear cells of normal healthy people and ulcerative colitis patients after phytohemagglutinin and thapsigargin stimulation. The mRNA expression levels in the normal healthy people and ulcerative colitis (UC) patients all exhibited changes after TG and PHA + TG stimulation, while the expression of IL-2, IFN-, and IL-17 in the peripheral blood mononuclear cells of UC patients was higher than that in normal volunteers. PHA: Phytohemagglutinin; TG: Thapsigargin.
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Table 1  Clinical data of patients with ulcerative colitis


No.


�
Gender


�
Age (yr)


�
Enteroscopic diagnosis


�
Pathological appearance


�
�
1


�
M


�
25


�
Severe, in acute period


�
Acute and chronic inflammation


�
�
2


�
M


�
52


�
Severe, in acute period


�
Acute and chronic inflammation


�
�
3


�
F


�
48


�
Moderate-severe, in acute period


�
Chronic and chronic inflammation


�
�
4


�
M


�
43


�
Moderate-severe, in remission period


�
Chronic inflammation


�
�
5


�
F


�
57


�
Moderate, in acute period


�
Chronic inflammation


�
�
6


�
M


�
50


�
Moderate, in acute period


�
Chronic inflammation


�
�
7


�
M


�
42


�
Moderate, in remission period


�
Chronic inflammation


�
�
8


�
M


�
23


�
Moderate, in acute period


�
Acute and chronic inflammation


�
�
9


�
M


�
41


�
Moderate -severe, in acute period


�
Acute and chronic inflammation


�
�
10


�
M


�
23


�
Moderate, in acute period


�
Acute inflammation


�
�
11


�
M


�
45


�
Moderate-severe, in acute period


�
Acute and chronic inflammation


�
�
12


�
M


�
35


�
Severe, in remission period


�
Acute and chronic inflammation


�
�
13


�
M


�
47


�
Severe, in acute period


�
Acute and chronic inflammation


�
�
14


�
M


�
33


�
Moderate -severe, in remission period


�
Chronic inflammation


�
�
15


�
F


�
56


�
Moderate, in remission period


�
Chronic inflammation


�
�
16


�
M


�
51


�
Moderate, in acute period


�
Chronic inflammation


�
�
17


�
M


�
40


�
Moderate, in remission period


�
Acute inflammation


�
�
18


�
M


�
22


�
Moderate, in acute period


�
Acute and chronic inflammation


�
�
19


�
M


�
39


�
Moderate-severe, in remission period


�
Chronic inflammation


�
�
20


�
M


�
27


�
Moderate, in acute period


�
Acute inflammation


�
�
21


�
M


�
43


�
Moderate-severe, in remission period


�
Acute inflammation


�
�






Table 2  Primer sequences of human cytokines


Human cytokines


�
Primer name


�
Sequence


�
�
IL-2


�
Forward


�
5’-AAGTTTTACATGCCCAAGAAGG-3’


�
�
�
Reverse


�
5’-AAGTGAAAGTTTTTGCTTTGAGCTA-3’


�
�
IFN-


�
Forward


�
5’-AGGGAAGCGAAAAAGGAGTCA-3’


�
�
�
Reverse


�
5’-GGACAACCATTACTGGGATGCT-3’


�
�
IL-17


�
Forward


�
5’-GAGCCCCAAAAGCAAGAGGAA-3’


�
�
�
Reverse


�
5’-TGCGGGCATACGGTTTCATC-3’


�
�
IL-4


�
Forward


�
5’-GCCAAGACCCCTTCGAGAAAT-3’


�
�
�
Reverse


�
5’-CCGTCCCTGTTATCTGCCTCC-3’


�
�
GAPDH


�
Forward


�
5’-TGTGGGCATCAATGGATTTGG-3’


�
�
�
Reverse


�
5’-ACACCATGTTATTCCGGGTCAAT-3’


�
�
IL: Interleukin; IFN: Interferon.





Table 3  Primer sequences of X-box binding protein 1 splicing


XBP1


�
Primer name


�
Sequence


�
�
Human XBP1


�
Forward


�
5’-A AAC AG A GTA GCA GCT CAG ACT GC-3’


�
�
�
Reverse


�
5’-TC CTT CTG GGT AGA CCT CTG GGA G-3’


�
�
Mouse XBP1


�
Forward


�
5’-A AAC AG A GTA GCA GCG CAG ACT GC-3’


�
�
�
Reverse


�
5’-TC CTT CTG GGT AGA CCT CTG GG


�
�
XBP1: X-box binding protein 1 splicing.








