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 Background: The aim of this study was to investigate the clinical significance of NLRP3 and HMGB1 in patients with active 
ulcerative colitis.

 Material/Methods: This was a prospective observational study which included a total of 62 cases with active ulcerative colitis dur-
ing January 2017 to December 2018. The patients were divided into a mild/moderate group or a severe group 
according to Sutherland Disease Activity Index (DAI) score. Clinical activity index and endoscopic index were 
used to determine the severity of UC. Serum levels of NLRP3, HMGB1, endothelin-1, IL-1b, and TNF-a were de-
termined by enzyme-linked immunosorbent assay (ELISA).

 Results: Sutherland DAI score, clinical activity index, and endoscopic index were all significantly higher in severe patients 
than in the mild/moderate group. NLRP3, HMGB1, endothelin-1, IL-1b, and TNF-a were significantly higher in se-
vere UC patients. NLRP3 level was positively correlated with HMGB1, ET-1, IL-1b, and TNF-a levels. Both NLRP3 
and HMGB1 were positively correlated with Sutherland DAI score, clinical activity index, and endoscopic index.

 Conclusions: Both serum NLRP3 and HMGB1 were elevated in UC patients, and the serum levels of NLRP3 were positively 
correlated with serum levels of HMGB1, ET-1, IL-1b, and TNF-a, as well as severity of UC patients.
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Background

Ulcerative colitis (UC) a chronic intestinal tract inflamma-
tory disorder that is a type of inflammatory bowel disease 
(IBD) [1,2]. UC usually causes bloody diarrhea, abdominal pain, 
and extraintestinal manifestations [3,4]. According to data of 
the Fifth International Meeting on inflammatory bowel diseases, 
about 0.4% of people in the United States and 0.5% of people 
in Canada have IBD [5]. Moreover, the incidence of UC has in-
creased during the past 20 years [6]. However, despite numer-
ous studies on UC, the underlying mechanisms are still unclear.

Nod-like receptor protein 3 (NLRP3) is a newly-found inflam-
mation-related factor, which is involved in inflammatory re-
sponse of many diseases [7]. It was reported that NLRP3 pro-
moted angiogenesis in early stages of wound healing [8]. 
A recent study also showed the inhibition of NLRP3 could 
protect against peritonitis [9]. Studies showed high-mobility 
group box 1 protein (HMGB1) could promote the activation 
of severe NLRP3 bioprocesses [10]. Several studies also found 
NLRP3 and HMGB1 were abnormally expressed in IBD, and it 
was found that fecal HMGB1 was elevated in patients with 
UC and Crohn’s disease [11]. NLRP3 was also found to be in-
creased in a mouse UC model [12].

However, despite these studies, clinical evidence for NLRP3 
and HMGB1 is still inadequate and few studies have reported 
on the relationship between NLRP3 and HMGB1 in UC pa-
tients. In the present study, we demonstrated that both se-
rum NLRP3 and HMGB1 were elevated in UC patients. The se-
rum levels of NLRP3 were positively correlated with serum 
levels of HMGB1, ET-1, IL-1b, and TNF-a, as well as severity of 
UC patients. This research might give more clinical evidence 
for NLRP3 and HMGB1 in UC and might provide potential new 
biomarkers for UC diagnosis.

Material and Methods

Patients

This prospective observational study included a total of 62 
cases with active ulcerative colitis who came to our hospi-
tal during January 2017 to December 2018. All patients who 
met the inclusion criteria were consecutively enrolled into the 
research. The diagnosis of ulcerative colitis was confirmed 
by colonoscopy according to the standards of the Digestive 
Society of the Chinese Medical Association and British Society 
of Gastroenterology [13,14]. None of the patients had received 
any related treatment before the study. The patients were di-
vided into a mild/moderate group or a severe group accord-
ing to Sutherland Disease Activity Index (DAI) score, in which 
3~5 represents mild, 6~10 represents moderate, and 11~12 

represents severe UC DAI [15]. The following patients were ex-
cluded: patients <18 years or >70 years; patients with other se-
vere intestinal disease such as Crohn’s disease, local stenosis, 
intestinal obstruction, intestinal perforation, rectal polyps, toxic 
colonic dilatation, and colorectal cancer; patients with other 
severe liver, renal, cardiovascular, or inflammatory diseases; 
and patient who were pregnant. All patients received standard 
treatment according to the Chinese Medical Association after 
diagnosis. Written informed consent was obtained from all pa-
tients. The present study was approved by HwaMei Hospital, 
University of the Chinese Academy of Sciences.

Clinical activity index and endoscopic index

The clinical activity index and endoscopic index were measured 
to determine the severity of patients [16]. The clinical activity 
index was recorded for the first week after admission, and the 
endoscopic index was recorded at colonoscopy.

Measurement of serum inflammatory factors

Serum levels of inflammatory factors NLRP3 (kit: NLRP3 ELISA 
kit, LifeSpan Biosciences, LS-F31954), HMGB1 (kit: HMGB1 ELISA 
kit, LifeSpan Biosciences, LS-F26519), endothelin-1 (ET-1, kit: 
ET-1 ELISA kit, R&D Systems, QET00B), IL-1b (kit: IL-1b ELISA 
kit, Abcam, ab46052), and TNF-a (kit: IL-1b ELISA kit, Abcam, 
ab181421) were determined by enzyme-linked immunosorbent 
assay (ELISA) using commercial kits according to the manu-
facturer’s instructions.

Statistical analysis

Measurement data are expressed as mean±SD. Comparison 
between 2 groups was performed using the t test. Correlations 
were analyzed using Pearson’s analysis. P<0.05 was consid-
ered as statistically significant. All calculations were made us-
ing SPSS 20.0.

Results

Basic characteristics for mild/moderate and severe UC 
patients

In all patients, 41 cases were diagnosed as mild/moderate UC 
and 21 cases were diagnosed as severe UC. The mean age of 
all patients was 40.68±13.72, with a male: female sex ratio of 
37: 25. The Sutherland DAI score, clinical activity index, and 
endoscopic index were all significantly higher in severe pa-
tients than in the mild/moderate group (Table 1, P<0.05). No 
significant difference was found in age of sex.
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Variables Mild/moderate, n=41 Severe, n=21 P

Age, year  39.07±14.11  43.81±12.66 0.201

Gender, Female (%) 24: 17 13: 8 0.623

Sutherland DAI score  7.05±2.12  11.48±0.51 0.000

Clinical activity index  8.24±1.79  13.57±3.61 0.000

Endoscopic index  6.41±1.77  9.38±1.91 0.000

Table 1. Basic clinical information for all patients.
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Figure 1.  (A) Serum levels of NLRP3, HMGB1, endothelin-1, IL-1b, and TNF-a in different groups of patients. (B) Correlation analysis 
among different factors was conducted by Pearson’s analysis.
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Relationship between serum NLRP3, HMGB1, and other 
inflammatory factors

Serum levels of NLRP3, HMGB1, endothelin-1, IL-1b, and TNF-a 
were determined by ELISA. Results showed all factors were 
significantly higher in severe UC patients (P<0.05, Figure 1). 
Pearson’s analysis was used to determine the correlation 
among factors. It was found NLRP3 level was positively corre-
lated with HMGB1, ET-1, IL-1b, and TNF-a levels (all P<0.05). 
Similar results were also found for HMGB1.

Relationship between serum NLRP3, HMGB1, and clinical 
outcomes

We used Pearson’s analysis to assess whether serum levels 
of NLRP3 and HMGB1 were correlated with Sutherland DAI 
score, clinical activity index, and endoscopic index. As shown 
in Figure 2, both NLRP3 and HMGB1 were positively corre-
lated with Sutherland DAI score, clinical activity index, and 
endoscopic index, indicating both factors were positively cor-
related with UC severity.

Discussion

Although there have been numerous studies on ulcerative coli-
tis, the diagnosis of UC still needs more effective biomarkers, 
and the molecular mechanisms of UC remain unclear. In recent 

years, the NLRP3/HMGB1 axis was shown to be involved in 
inflammatory response in many diseases. Some studies also 
found NLRP3 and HMGB1 might be associated with UC [11,12]. 
However, the relationship between NLRP3 and HMGB1 in UC pa-
tients has seldom been reported, and the clinical significance of 
NLRP3 and HMGB1 is unclear. In the present study, we further 
confirmed that serum levels of BLRP3 and HMGB1 were upreg-
ulated in UC patients. We found a positive correlation between 
NLRP3 and HMGB1, as well as between NLRP3/HMGB1 and 
other inflammatory factors of ET-1, IL-1b, and TNF-a. We also 
found NLRP3 and HMGB1 were associated with severity of UC.

NLRP3 was reported to be associated with inflammatory re-
sponse in many studies. Coll et al. found a kind of NLRP3 in-
hibitor, MCC950, and demonstrated that inhibition of NLRP3 
by MCC950 could significantly improve autoinflammatory and 
autoimmune diseases and reduced IL-1b level [17]. Wu et al. 
demonstrated that NLRP3 was elevated in a lung inflammation 
model and that activation of NLRP3 contributed to lung inflam-
mation-induced injury [18]. A relationship has also been reported 
between NLRP3 and ulcerative colitis. Itani et al. demonstrated 
that NLRP3 level in colon tissues of IBD patients was correlat-
ed with histological scores [12]. It was also found the NLRP3 
inflammasome was activated in UC patients with long-stand-
ing disease [19]. However, the clinical evidence for NLRP3 in UC 
is still inadequate. In the present research, we demonstrated 
that the elevated NLRP3 level was positively correlated with 
levels of HMGB1, ET-1, IL-1b, and TNF-a, as well as UC severity.
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Figure 2.  Correlation analysis among NLRP3, HMGB1, Sutherland DAI score, clinical activity index, and endoscopic index was 
conducted by Pearson’s analysis.
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The role of HMGB1 and its relationship with NLRP3 in inflam-
mation have also been demonstrated. Ana et al. showed that 
HMGB1-NLRP3 signaling was activated in Ab-mediated microglial 
inflammation [20]. It was also found that HMGB1 can activate 
the NLRP3 inflammasome and further increased IL-1b produc-
tion in vascular smooth muscle cells [21]. It was also found that 
HMGB1 was upregulated in stools of UC patients and could 
be considered as a novel biomarker for intestinal inflamma-
tion [11]. In a recent study, Palone confirmed that fecal HMGB1 
was remarkably increased in pediatric and adult patients with 
Crohn’s disease and UC [22]. However, up to now, no study 
has focused on the relationship between NLRP3 and HMGB1 
in UC patients. In this research, we showed that HMGB1 lev-
el was positively correlated with NLRP3, as well as ET-1, IL-1b, 
and TNF-a, and could be used as a biomarker for UC severity.
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