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Abstract
BACKGROUND
It has been suggested that serum leucine-rich α-2 glycoprotein (LRG) could be a novel monitoring biomarker for the assessment of disease activity in inflammatory bowel disease. In particular, the relationship between LRG levels and the endoscopically assessed activity of ulcerative colitis (UC) has become a matter of interest.

AIM
To clarify appropriate LRG cut-off values for the prediction of endoscopic and histologic remission in Japanese patients with UC.

METHODS
This was a cross-sectional, single-center, observational study of Japanese patients with UC. Among 213 patients with UC, in whom LRG was measured from September 2020 to February 2022, we recruited 30 patients for whom a total colonoscopy and measurements of LRG and C-reactive protein (CRP) were performed on the same day. We retrospectively analyzed correlations between the LRG and CRP levels and endoscopic indices, including the Mayo endoscopic subscore and UC endoscopic index of severity.

RESULTS
Correlations between the LRG values and the Mayo endoscopic subscore or UC endoscopic index of severity were significant (r = 0.754, P < 0.0001; r = 0.778, P < 0.0001, respectively). There were also significant correlations between CRP levels and Mayo endoscopic subscore or UC endoscopic index of severity (r = 0.599, P = 0.0005; r = 0.563, P = 0.0012, respectively), although the correlation coefficients were higher for LRG. The LRG cut-off value for predicting endoscopic remission was 13.4 μg/mL for a Mayo endoscopic subscore of 0 [area under the curve (AUC): 0.871; 95% confidence interval (CI): 0.744–0.998], and 13.4 μg/mL for an UC endoscopic index of severity of 0 or 1 (AUC: 0.904; 95%CI: 0.792–1.000).

CONCLUSION
LRG may be a surrogate marker for endoscopic activity in UC, with a cut-off value of around 13.4 μg/mL for endoscopically inactive disease.
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Core Tip: Leucine-rich α-2 glycoprotein (LRG) has recently been proposed as a reliable surrogate marker for clinical, endoscopic and histologic activity in ulcerative colitis (UC). Our aim was to determine appropriate LRG cut-off values for predicting clinical and endoscopic remission in Japanese patients with UC. LRG was found to be correlated with endoscopic indices, and the LRG cut-off value for predicting endoscopic remission was determined to be 13.4 μg/mL. LRG < 13.4 μg/mL may be predictive of endoscopically inactive disease in UC.

INTRODUCTION
Mucosal healing (MH) has recently become an important treatment goal in ulcerative colitis (UC). The achievement of MH has been reported to decrease the recurrence, malignant transformation, hospitalization rates, and surgical requirements of various gastrointestinal disorders[1-5]. In addition, histological remission is superior to endoscopic healing in predicting long-term remission and cancer prevention[6-10]. The Selecting Therapeutic Targets in Inflammatory Bowel Diseases (IBD) IBD (STRIDE)-II initiative encompasses recommendations for treat-to-target strategies for adults and children with IBD[11]. STRIDE-II has recommended the use of clinical remission, C-reactive protein (CRP) normalization, and decreased fecal calprotectin levels as intermediate targets, with endoscopic remission and histological healing as long-term targets.
Serum leucine-rich α-2 glycoprotein (LRG) is a novel monitoring biomarker for the assessment of disease activity in IBD. LRG levels have been shown to reflect gastrointestinal inflammation[12-18]. However, appropriate LRG cut-off values have not been established in patients with UC. We thus aimed to investigate reasonable LRG cut-off values for predicting endoscopic and histologic activity in Japanese patients with UC.

MATERIALS AND METHODS
Patients
This was a cross-sectional, single-center, observational study of Japanese patients with UC. All patients were recruited at the Division of Gastroenterology and Hepatology, Iwate Medical University Hospital, Iwate, Japan. The diagnosis of UC was based on established clinical, endoscopic, radiological, and histological criteria. UC was classified into the following types: total colitis, left-sided colitis, proctitis, and segmental colitis. Exclusion criteria were as follows: presence of infectious enterocolitis, colorectal cancer, Crohn’s disease (CD), or indeterminate colitis; inability to collect fecal samples; pregnancy; history of colorectal resection; or regular intake of aspirin/nonsteroidal anti-inflammatory drugs, defined as ≥ 2 tablets/wk. Blood samples were collected for the measurement of white blood cell counts, platelet counts, hemoglobin levels, and serum levels of albumin, LRG, and CRP.
We recruited 213 patients with UC for the measurement of LRG during the period from September 2020 to February 2022. Among those patients, 30 underwent total colonoscopy, and LRG and CRP measurements were made on the same day. These 30 patients were the subjects of the present study. The study protocol was approved by the Ethics Committee at Iwate Medical University Hospital (MH2020-193), and the study was conducted in accordance with the Declaration of Helsinki.

Clinical, endoscopic and histological assessment
The association between clinical activity and biomarkers was examined in all patients. The clinical activity of UC was assessed according to the partial Mayo score (PMS)[19]; clinical remission was defined as a PMS of 0 without rectal bleeding and no requirement for steroid therapy during the previous 3 mo.
Endoscopic activity was assessed according to the Mayo Endoscopic Subscore (MES) and the UC Endoscopic Index of Severity (UCEIS)[20]. The MES is a 4-point scale (0-3). The three items included in the UCEIS were vascular pattern, bleeding, and erosion/ulceration. The sum of the scores for each endoscopic item ranged from 0 to 8. The UCEIS and MES were scored retrospectively by experienced endoscopists (MY and SY), who were blinded to patient LRG and CRP levels. The histological grade of inflammation was assessed on biopsy specimens obtained endoscopically from the most severely inflamed sites according to the Matts score[21], Riley score[22], and Geboes histopathology score (GHS)[23] by a pathologist (TS) who was blinded to endoscopic findings and LRG and CRP levels. Histologic remission for each biopsy specimen was defined as Matts grade 1, Riley’s score 0 or 1, and GHS 0 or 1.

Statistical analysis
Statistical analysis was performed with JMP 13 (SAS Institute Inc., Cary, NC, United States) and SPSS version 22 software for MAC OS (SPSS Inc., Chicago, IL, United States). Numerical variables are presented as medians and interquartile ranges (IQRs), while categorical variables are presented as frequencies. Associations between LRG levels and blood test results, clinical disease activity, endoscopically assessed activity, or histological activity were evaluated with Spearman’s rank sum correlation test. Receiver operating characteristic (ROC) curves were drawn to estimate the area under the curve (AUC) and the best cut-off levels of LRG that predicted clinical, endoscopically assessed, and histologic remission. Based on the cut-off levels, test characteristics, including sensitivity, specificity, positive predictive value, and positive likelihood ratio were calculated. Patient age and laboratory data were compared with the Wilcoxon test. Gender and frequency of medical treatment were compared with the 2 test. Relapse rates were compared between any two groups with the Cox proportional hazards model. For each analysis, P < 0.05 was considered statistically significant.

RESULTS
Associations between clinical or endoscopic activity and biomarkers
Table 1 summarizes the baseline characteristics of the 30 patients in whom endoscopic and histological activity were examined and LRG and CRP were measured on the same day. There were significant correlations between LRG level and MES (r = 0.754, P < 0.0001) and between LRG level and UCEIS (r = 0.778, P < 0.0001). There were also significant correlations between CRP level and MES (r = 0.599, P = 0.0005) and between CRP level and UCEIS (r = 0.563, P = 0.0012). The correlation coefficients were higher for LRG level (Figure 1).
The LRG cut-off value for predicting clinical remission was 12.9 μg/mL for PMS = 0 [AUC: 0.951, 95% confidence interval (CI): 0.873–1.000], with sensitivity of 89% and specificity of 91%. The LRG cut-off value for predicting endoscopically assessed remission was 13.4 μg/mL for MES = 0 (AUC: 0.871, 95%CI: 0.744–0.998), with sensitivity of 100% and specificity of 64%; and 13.4 µg/mL for UCEIS = 0 or 1 (AUC: 0.904; 95%CI: 0.792–1.000), with sensitivity of 100% and specificity of 69% (Table 2).

Associations between histological activity and biomarkers
There were significant correlations between LRG level and Matts grade (r = 0.432, P = 0.017) and between LRG level and Riley’s score (r = 0.380, P = 0.038). In contrast, no significant correlations were found between LRG level and GHS (r = 0.285, P = 0.126), CRP level and Matts grade (r = 0.306, P = 0.099), CRP level and Riley score (r = 0.198, P = 0.293), or CRP level and GHS (r = 0.115, P = 0.544) (Figure 2).
As to histological remission, the appropriate LRG cut-off value was 9.7 μg/mL for Matts grade (AUC: 0.889, 95%CI: 0.755–1.000), with sensitivity of 100% and specificity of 81%; 13.4 μg/mL for Riley score (AUC: 0.739, 95%CI: 0.550–0.929), with sensitivity of 100% and specificity of 46%; and 13.4 μg/mL for GHS (AUC: 0.679, 95%CI: 0.477–0.880), with sensitivity of 92% and specificity of 59% (Table 2).

DISCUSSION
LRG is a 50-kDa glycoprotein containing eight leucine-rich repeat domains. It has been reported to be a novel serum biomarker for the detection of rheumatoid arthritis and IBD[24]. The primary sites of LRG production are thought to be intestinal epithelial cells, neutrophils, and hepatocytes that are stimulated by interleukin (IL)-6, tumor necrosis factor-, and IL-22, among other cytokines[25,26]. CRP is a protein that is representative of acute phase reactants. The liver, under the stimulation of circulating IL-6, is the primary organ for CRP production[27]. Thus, it has been presumed that LRG is more sensitive than CRP for assessing the severity of inflammation in systemic diseases.
Several papers have reported that serum levels of LRG are correlated with endoscopic activity in patients with UC[12-18]. Shinzaki et al[14] recently published results of a prospective, observational study that evaluated serum LRG as a biomarker for disease activity in IBD (PLANET study). Their study found that serum LRG was a useful biomarker of endoscopic activity in patients with UC receiving adalimumab treatment[14]. A subanalysis of the PLANET study revealed that LRG, rather than CRP, may be a more accurate marker for predicting the trough level of adalimumab in patients with CD or UC[28].
Our study included 30 patients for whom total colonoscopy and measurements of LRG and CRP were performed on the same day. There were significant correlations between LRG levels and MES and LRG levels and UCEIS. There were also significant correlations between CRP levels and MES, and CRP levels and UCEIS, although the correlation coefficients were higher for LRG level. Thus, it seems possible that LRG is a candidate that is equal or, possibly, superior to CRP for the assessment of disease activity in UC.
The recommended cut-off value of LRG for the detection of active disease in patients with UC is regarded as 16 μg/mL. Subsequently, the cut-off value of the serum level of LRG for the detection of active disease in patients with UC was reported by other investigators. Horiuchi et al[15] reported that a serum LRG cut-off value of 10.8 g/mL could be a novel biomarker for identifying patients with active total or left-sided colitis[15]. Shimoyama et al[16] reported that the optimal LRG cut-off value for the detection of endoscopically active disease defined as MES ≥ 1 was 12.7 μg/mL[16]. Yoshida et al[17] reported that the cut-off value of LRG for MH with the identical definition was 16.3 μg/mL[17]. Another study by Yasutomi et al[18] showed that the LRG cut-off for complete MH defined as an MES of 0 was 13 μg/mL[18]. The cut-off value varies according to the definition of MH and to the study population, whereas our study revealed that the LRG cut-off value for the prediction of MH defined as an MES of 0 was 13.4 μg/mL and it was 12.9 μg/mL for the prediction of UCEIS of 0 or 1. These observations suggest that a cut-off value of LRG at around 13 μg/mL is appropriate for the prediction of MH in patients with UC.
We also showed that there were significant correlations between LRG level and two of the three widely accepted histological activity systems for UC, namely, the Matts grade and Riley score. This observation seems reasonable, because neutrophil infiltration is the main item for the assessment of activity. In contrast, we could not find a significant correlation between GHS and LRG. This may be explained by the fact that mucosal damage, rather than inflammatory infiltration, is the key histological finding. Thus, LRG may be representative of grade of inflammation in patients with UC. Also, it should be noted that the practical cut-off values of LRG for endoscopic remission and histological remission were similar, indicating the significance of LRG in clinical practice.
This study had several limitations. First, it was performed at a single center and involved a limited number of patients. Second, since it was a retrospective study, there were some variations in patient comorbidities, such as infectious colitis and rheumatoid arthritis, and in applied medications. Third, we could not compare LRG with fecal calprotectin, a reliable fecal biomarker for UC. The comparison of LRG with fecal calprotectin remains to be examined in future prospective studies.

CONCLUSION
Our analysis revealed that LRG is a biomarker for patients with UC with respect to clinical, endoscopic and histological prediction of remission, and that the cut-off value of LRG for each may be around 13 μg/mL. With the use of the appropriate cut-off value, LRG seems to be a biomarker that is more specific and more sensitive than CRP.

ARTICLE HIGHLIGHTS
Research background
Serum leucine-rich α-2 glycoprotein (LRG) can be used for the assessment of disease activity in ulcerative colitis (UC). However, practical cut-off values of LRG for remission have not been established in patients with UC.

Research motivation
LRG cut-off value for remission will lessen the need for colonoscopy.

Research objectives
To establish cut-off values of LRG for endoscopic and histological remission in UC.

Research methods
We retrospectively analyzed the relationship between LRG and clinical, endoscopic and histologic activities in patients with UC.

Research results
In 30 patients, the correlations between LRG value and Mayo Endoscopic Subscore (MES) or UC Endoscopic Index of Severity (UCEIS) were significant (r = 0.754, P < 0.0001; r = 0.778, P < 0.0001, respectively). Significant correlations were also found between CRP level and MES or UCEIS (r = 0.599, P = 0.0005; r = 0.563, P = 0.0012, respectively); however, the correlation coefficients were higher for LRG value. The LRG cut-off value for predicting endoscopic remission was 13.4 μg/mL for an MES of 0 [area under the curve (AUC): 0.871, 95% confidence interval (CI): 0.744–0.998], and 13.4 μg/mL for a UCEIS of 0 or 1 (AUC: 0.904; 95%CI: 0.792–1.000).

Research conclusions
LRG can be applied to the prediction of endoscopic and histological remission in UC.

Research perspectives
Further prospective studies are deemed to validate our findings.
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Figure Legends
[image: ]
Figure 1 Relationship between endoscopic findings and biomarkers (n = 30). A and B: Mayo Endoscopic Subscore; C and D: Ulcerative Colitis Endoscopic Index of Severity. CRP: C-reactive protein; LRG: Leucine-rich -glycoprotein; MES: Mayo Endoscopic Subscore; UCEIS: Ulcerative Colitis Endoscopic Index of Severity.
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Figure 2 Relationship between histological findings and biomarkers (n = 30). A and B: Matts Grade; C and D: Riley’s Score; E and F: Geboes Histopathology Score. CRP: C-reactive protein; LRG: Leucine-rich -glycoprotein.

Table 1 Baseline characteristics of the 30 patients
	Parameter
	Patients (n = 30)

	Age, year, median (IQR)
	37 (28-47)

	Male/Females, n/n
	21/ 9

	Disease duration, year, median (IQR)
	1 (0-1)

	Actual disease extent, n (%)
	

	Proctitis
	3 (10)

	Left-sided colitis
	7 (23.3)

	Total colitis
	20 (66.7)

	Segmental colitis
	0

	Laboratory data
	

	LRG, μg/mL, median (IQR)
	11.9 (9.8-20.1)

	CRP, mg/dL, median (IQR)
	0.10 (0.10-0.33)

	Medication, n (%)
	

	5-aminosalicylic acid
	30 (100)

	Immunomodulators
	3 (10)

	Anti-TNF
	2 (6.7)

	Ustekinumab
	1 (3.3)

	Tofacitinib
	3 (10)


IQR: Interquartile range; LRG: Leucine-rich α-2 glycoprotein; CRP: C-reactive protein; TNF: Tumor necrosis factor.

Table 2 Associations of variables with leucine-rich α-2 glycoprotein to predict remission
	Variable
	Cut-off value (μg/mL)
	AUC
	95%CI
	SENS (%)
	SPEC (%)
	PPV (%)
	PLR

	PMS 0
	12.9
	0.951
	0.873-1.000
	89
	91
	94
	10.6

	MES 0
	13.4
	0.871
	0.744-0.998
	100
	64
	68
	2.8

	UCEIS 0,1
	13.4
	0.904
	0.792-1.000
	100
	69
	73
	3.2

	Matts grade 1
	9.7
	0.889
	0.755-1.000
	100
	81
	37
	5.4

	Riley’s score 0,1
	13.4
	0.739
	0.550-0.929
	100
	46
	32
	1.8

	GHS 0,1
	13.4
	0.679
	0.477-0.880
	92
	59
	63
	2.2


LRG: Leucine-rich α-2 glycoprotein; AUC: Area under the curve; CI: Confidence interval; SENS: Sensitivity; SPEC: Specificity; PPV: Positive predictive value; PLR: Positive likelihood ratio; MS: Mayo Score; MES: Mayo Endoscopic Subscore; UCEIS: Ulcerative Colitis Endoscopic Index of Severity; GHS: Geboes Histopathology Score.
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