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Abstract: Background: The role of elafin in the pathophysiology of inflammatory bowel disease
(IBD) has not been not elucidated. We aimed to evaluate serum elafin in children with IBD and
assess its relationship with disease activity. Methods: We enrolled children with IBD in the study
group and children with functional abdominal pain in the control group. We evaluated serum
elafin using enzyme-linked immunosorbent assay kits. Results: In children with IBD, serum elafin
(mean ± SD: 4.192 ± 1.424 ng/mL) was significantly elevated compared with controls (mean ± SD:
3.029 ± 1.366 ng/mL) (p = 0.0005). Elafin was significantly increased in children in the active phase
of IBD (mean ± SD: 4.424 ± 1.449 ng/mL) compared with the control group (p = 0.0003). In IBD
remission, only children with ulcerative colitis (mean ± SD: 4.054 ± 1.536 ng/mL) had elevated elafin
compared with controls (p = 0.004). ROC analysis revealed that the area under the curve (AUC) of
serum elafin was 0.809 while discriminating patients with ulcerative colitis from the control group,
and the AUC was 0.664 while differentiating patients with Crohn’s disease from the control group.
Conclusions: Serum elafin was found to be elevated in our cohort of children with IBD, depending on
disease activity. Serum elafin was increased in the active phases of both ulcerative colitis and Crohn’s
disease, but only in the remission of ulcerative colitis. Elafin appears to be a potential candidate for a
biomarker of ulcerative colitis.
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1. Introduction

Inflammatory bowel disease (IBD) refers to a group of lifelong inflammatory disorders
of the gastrointestinal tract, including Crohn’s disease and ulcerative colitis, which are
characterized by an unpredictable relapsing and remitting course [1]. Although IBD is
usually diagnosed in young adulthood, it may affect all age groups, from infants to the
elderly [2]. The incidence of IBD has been increasing in pediatric and adult populations
worldwide [1,3]. In general, pediatric-onset IBD appears to be associated with a more
severe course, complicated disease behavior, and more frequent disease extension [2]. In
addition to its significant impact on physical health, IBD may affect psychosocial aspects
of life and decrease health-related quality of life [4,5]. IBD in children and adolescents
may be associated with difficulties in behavioral and emotional functioning, unfavorable
implications in education, and disruption in family and school functioning [4,5]. The
increase in IBD prevalence and myriad of negative health outcomes challenge scientists to
improve the diagnostics and therapy of pediatric IBD [6].

Many research studies have focused on the mechanisms that underlie the develop-
ment of IBD. A thorough understanding of IBD pathophysiology may guide scientists to
identify novel therapeutic target points and establish markers useful in the diagnosis and
monitoring of the IBD course [7]. Although considerable progress has recently been made
in our understanding of the pathogenesis of IBD, little is known about the role of host
defense peptides (HDPs) in chronic gastrointestinal inflammation. Host defense peptides
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exhibit antimicrobial activity and display complex immunomodulatory functions, exerting
both pro- and anti-inflammatory properties depending on their expression level at the site
of inflammation [8–10].

Elafin is one of the HDPs that exhibits antimicrobial and antiprotease activity [11].
Elafin, also called skin-derived antileuko protease or peptidase inhibitor-3, is a cationic, 95-
amino-acid protein of low molecular weight (6 kDa). The protein consists of two domains.
The globular C-terminal end presents folding and four disulphide bonds, and it exhibits
protease inhibition activity. The flexible NH2 domain is a substrate for transglutaminase,
which allows the formation of elafin polymers or the binding of elafin to extracellular
matrix proteins [12–14].

Initially, elafin was isolated from psoriatic skin [15]. However, it is also synthesized
by epithelial cells of the gastrointestinal tract, lungs, or female reproductive system and
inflammatory cells, including neutrophils, mast cells, and macrophages [11,12].

Elafin is an alarm antiproteinase that inhibits the neutrophil-derived serine proteases
elastase and proteinase-3 through a competitive tight-binding mechanism, protecting
tissues against elastolytic destruction [12,13]. In addition to its antiprotease properties, it
was revealed that elafin may exhibit pleiotropic effects including antimicrobial activity,
suppression of inflammation, immunoregulation, involvement in tissue remodeling, and
cell differentiation [13].

Until now, there have been some studies regarding the role of elafin in the pathophys-
iology of different diseases, including psoriasis, pulmonary hypertension, and systemic
sclerosis [16–18]. However, there have been only a few studies focusing on elafin in inflam-
matory bowel disease that delivered conflicting results [19–23]. Thus, this study aimed to
evaluate the serum concentration of elafin in children with IBD in relation to the phenotype
and clinical activity of the disease and inflammatory markers.

2. Materials and Methods
2.1. Study and Control Group

For the study group, we enrolled patients aged ≤ 18 years with IBD who were
hospitalized at the Department of Pediatrics and Gastroenterology, Medical University of
Lublin, Poland, between June 2017 and October 2019 [24,25]. IBD was recognized based on a
combination of clinical manifestations, laboratory and imaging studies, and gastrointestinal
tract endoscopy with histology according to the revised Porto criteria [26]. There are two
main subtypes of IBD, i.e., ulcerative colitis and Crohn’s disease. Typically, ulcerative colitis
is characterized as a continuous inflammation of the mucosa starting from the rectum and
extending for a variable distance of the colon, without small bowel involvement [26]. The
presence of crypt architectural distortion and basal plasmacytosis and the lack of epithelioid
granulomas in the biopsy support the diagnosis of ulcerative colitis [26]. Typical Crohn’s
disease can be described as a noncontinuous, granulomatous, and transmural inflammatory
process that may involve any gastrointestinal tract region [26].

We excluded children with IBD who had any clinical or laboratory signs of acute
infection at the time of enrolment and/or a history of surgery within the 4 weeks prior
to enrolment. Another exclusion criterion was the lack of informed consent of parents
and/or patients aged ≥16 years old [24,25]. In all IBD children, we evaluated the disease
phenotype with the use of the Paris Classification [27]. Patients were divided into two
groups according to the clinical activity of the disease, i.e., with active IBD and in IBD
remission. Disease activity was established based on the Pediatric Crohn’s Disease Activity
Index (PCDAI) [28] and the Pediatric Ulcerative Colitis Activity Index (PUCAI) in patients
with Crohn’s disease and ulcerative colitis, respectively [29]. Clinical remission of Crohn’s
disease was defined as a PCDAI score ≤ 10 points [28], while clinical remission of ulcerative
colitis was defined as a PUCAI score < 10 points [29].

For the control group, we enrolled children with functional abdominal pain recognized
based on the Rome IV Diagnostic Criteria for Functional Gastrointestinal Disorders [30].
We excluded children with a history of any concomitant organic disease, a surgery within
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the 4 weeks prior the enrolment, or any clinical or laboratory signs of acute or chronic
inflammation at the time of recruitment. Another exclusion criterion was the lack of
informed consent of parents and/or patients aged ≥16 years old [24,25].

We enrolled 68 children with IBD in the study group. There were 43 patients with
ulcerative colitis and 25 with Crohn’s disease. The age of patients with ulcerative colitis
ranged from 6.5 to 18 years old (median: 14.5 years old; mean: 13.6 ± 3.4 years old), while
patients with Crohn’s disease ranged from 8.5 to 18 years old (median: 13.5 years old; mean:
13.7 ± 2.6 years old).

Most patients had clinically active IBD (39; 57.4%), including 23 patients with ulcera-
tive colitis and 16 with Crohn’s disease, and received IBD-specific medications (41; 60.3%).
The baseline characteristics of patients with IBD, including disease location, clinical activity,
and medication use, have been published previously [24,25].

The control group consisted of 20 children with functional abdominal pain. There was
a slight girl preponderance (12; 60%) in the control group. The mean age of children was
11.9 ± 3.47 years old (median: 12.25 years old; range: 4.5–17.5 years old) [24,25].

2.2. Methods

Peripheral blood samples were obtained from children with IBD and controls to deter-
mine the complete blood count (CBC), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), and elafin level. The CBC, CRP, and ESR were determined according to standard
laboratory practice. Serum elafin was measured using commercially available enzyme-
linked immunosorbent assay kits (ELISA assay kit for peptidase inhibitor-3, skin-derived
PI3; human) according to the manufacturer’s recommendations (Cloud-Clone Corp., Katy,
TX, USA, Serial No. 723997EFFB). Stool samples were obtained from children with IBD to
evaluate fecal calprotectin using quantitative chemiluminescent sandwich immunoassay
(CLIA) according to the manufacturer’s recommendations (LIAISON Calprotectin assay
Ref. 318960; DiaSorin Inc., Stillwater, MN, USA).

2.3. Statistical Analysis

The statistical analysis was performed using Statistica v. 13.3 software (StatSoft Polska
Sp. z o.o., Kraków, Poland). The data are presented as mean and standard deviation,
or median and range. To test differences between two groups, a Mann–Whitney U-rank
test was applied. To test differences between more than two means for more than two
groups, a H Kruskal–Wallis test was used. Correlations between parameters were analyzed
using the Spearman’s rank correlation coefficient. Values of p < 0.05 were considered
statistically significant.

We performed receiver operating characteristic (ROC) analysis to determine the dis-
criminatory capacity of serum elafin in distinguishing patients with IBD from children in
the control group. The area under the receiver operating curve (AUC), 95% confidence
intervals (CI), and standard error (SE) were established. Diagnostic accuracy measures for
elafin, including sensitivity, specificity, accuracy, positive predictive value, and negative
predictive value, were calculated.

2.4. Ethical Approval and Funding

Written informed consent for participation in this study was obtained from a patient’s
parent and from the patient in the case of a child aged ≥16 years. This study was approved
by the Bioethical Committee of the Medical University of Lublin (KE-0254/289/2016).

This study was funded by the Medical University of Lublin (grant no. MNmb466) to
PK. The article processing charge (APC) was funded by the Medical University of Lublin,
grant no. DS406 to EP-K.
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3. Results

In children with IBD, serum elafin was significantly elevated (mean ± SD:
4.192 ± 1.424 ng/mL) compared with that in the control group (mean ± SD:
3.029 ± 1.366 ng/mL) as presented in Figure 1 (Z = −3.46; p = 0.0005).
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Figure 1. Comparison of serum elafin between children with IBD and children from control group.

Figure 2 shows the comparison of serum elafin between children with Crohn’s dis-
ease and ulcerative colitis and the control group. Detailed analysis demonstrated that the
concentration of serum elafin was significantly increased in ulcerative colitis patients
(mean ± SD: 4.450 ± 1.395 ng/mL) compared with in the control group (Z = −3.92;
p < 0.0001). However, the difference in serum elafin between Crohn’s disease patients
(mean ± SD: 3.749 ± 1.390 ng/mL) and the control group almost attained significance
(Z = 1.86; p = 0.06). Elafin was significantly higher in children with ulcerative colitis com-
pared with those with Crohn’s disease (Z = −2.11; p = 0.03). The concentration of serum
elafin in girls with IBD (4.067 ± 1.311 ng/mL) did not significantly differ from that in boys
in the study group (4.324 ± 1.544 ng/mL) (Z = −0.83; p = 0.40).

There were significant differences in elafin concentration when comparing IBD patients
in terms of clinical disease activity to the control group. Elafin was significantly increased in
children in an active phase of IBD (mean ± SD: 4.424 ± 1.449 ng/mL; median: 4.537 ng/mL;
range: 0.139–7.866 ng/mL) compared with the control group (Z = 3.66; p = 0.0003). We
also found significant differences while comparing elafin in patients with IBD remission
(mean ± SD: 3.881 ± 1.351 ng/mL; median: 3.935 ng/mL; range: 0.096–5.797 ng/mL) and
controls (Z = −2.41; p = 0.02). Moreover, we performed a detailed analysis comparing the
concentration of serum elafin in patients in an active phase and remission of IBD with that
in healthy controls, which is presented in Table 1.

Compared with the control group, elafin was significantly increased in IBD patients,
regardless of whether they were treatment-naïve (mean ± SD: 4.357 ± 1.247 ng/mL; me-
dian: 4.469 ng/mL; range: 0.139–6.601 ng/mL) or received any therapy (mean ± SD:
4.083 ± 1.535 ng/mL; median: 4.263 ng/mL; range: 0.096–7.866 ng/mL) (H = 12.66;
p = 0.002). However, there were no significant differences in the concentration of elafin
between treatment-naïve children and those who received any IBD therapy (Z = 0.75;
p = 0.45).
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Figure 2. Serum elafin in patients with Crohn’s disease and ulcerative colitis in comparison with
control group.

Table 1. Comparison of serum elafin in IBD patients in terms of disease activity to the control group.

Parameter Groups Mean ± SD Median Range Statistical Analysis

Elafin [ng/mL]

Crohn’s disease: active phase 3.890 ± 1.655 4.448 0.139–5.870

*†‡¥§
Crohn’s disease: remission 3.497 ± 0.737 3.479 2.484–5.088

Ulcerative colitis: active phase 4.795 ± 1.188 4.537 2.845–7.866
Ulcerative colitis: remission 4.054 ± 1.536 4.374 0.096–5.795

Control group 3.029 ± 1.366 3.306 0.164–4.790

* Z = 2.18; p = 0.03 comparing active Crohn’s disease with control; † Z = −2.85; p = 0.004 comparing remissive
Crohn’s disease with active ulcerative colitis; ‡ Z = −2.24; p = 0.03 comparing remissive Crohn’s disease with
remissive ulcerative colitis; ¥ Z = −3.88; p = 0.0001 comparing active ulcerative colitis with controls; § Z = −2.85;
p = 0.004 comparing remissive ulcerative colitis with controls.

Subgroup analysis did not reveal any significant differences in elafin concentration
among IBD children depending on the disease location in both ulcerative colitis (H = 5.18;
p = 0.27) and Crohn’s disease (H = 0.84; p = 0.83).

In patients with Crohn’s disease, we found positive correlations between elafin and
CRP (p = 0.01; R = 0.49) and fecal calprotectin (p = 0.03; R = 0.46). However, there was
no significant correlation between serum elafin and PCDAI (p = 0.06; R = 0.38) and ESR
(p = 0.25; R = 0.24). In patients with ulcerative colitis, there were no significant correlations
between serum elafin and inflammatory markers, i.e., ESR (p = 0.41; R = 0.13), CRP (p = 0.38;
R = 0.14), fecal calprotectin (p = 0.78; R = −0.05), and the clinical activity index PUCAI
(p = 0.23; R = 0.19).

We performed receiver operating characteristic (ROC) analysis to determine the dis-
criminatory capacity of serum elafin in distinguishing patients with IBD from the control
group. The results of ROC analysis revealed that the area under the curve (AUC) of serum
elafin was 0.809 (95% CI: 0.699–0.919; SE: 0.056) while discriminating patients with ulcera-
tive colitis from the control group and that the AUC was 0.664 while differentiating patients
with Crohn’s disease from the control group (95% CI: 0.504–0.824; SE: 0.082). Figure 3A,B
illustrate the receiving operating characteristic curves for elafin in the recognition of ulcera-
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tive colitis and Crohn’s disease, respectively. Table 2 presents the diagnostic performance
of elafin for the recognition of ulcerative colitis and Crohn’s disease.
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Table 2. Diagnostic performance of serum elafin to distinguish IBD from controls.

Parameter Cut-off Sensitivity Specificity Accuracy
Positive

Predictive
Value

Negative
Predictive

Value

Elafin to distinguish
ulcerative colitis

from controls
4.041 ng/mL 0.721 0.850 0.762 0.912 0.586

Elafin to distinguish
Crohn’s disease

from controls
3.441 ng/mL 0.760 0.600 0.689 0.704 0.667

4. Discussion

To the best of our knowledge, this is one of the first studies assessing the concentra-
tion of serum elafin in children with IBD. We demonstrated that elafin was significantly
elevated in patients with active ulcerative colitis and Crohn’s disease compared with in the
control group. However, only patients in remission of ulcerative colitis but not Crohn’s
disease had higher concentrations of serum elafin compared with controls. Elafin was also
significantly higher in children with ulcerative colitis compared with those with Crohn’s
disease. Moreover, treatment status did not affect elafin elevation in IBD children compared
with controls.

Our results are in accordance with some previous findings [19,20,23]. In a recent
study by Wang et al., serum elafin was significantly increased in patients with ulcerative
colitis compared with the control group, while in Crohn’s disease patients there was a
trend toward mildly elevated elafin, which was not statistically significant [23]. Moreover,
colonic elafin mRNA expression and elafin protein expression were significantly elevated
in patients with ulcerative colitis compared with in the control group [23]. However, elafin
mRNA and protein expression did not significantly differ between patients with Crohn’s
disease and controls [23]. Interestingly, patients with stricturing Crohn’s disease had
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higher mesenteric fat elafin mRNA expression than patients with nonstricturing Crohn’s
disease [23].

Schmid et al. found that elafin mRNA was expressed predominantly in inflamed
ulcerative colitis colonic biopsies [20]. Moreover, it was reporetd that elafin mRNA was
significantly induced in inflamed versus noninflamed ulcerative colitis colonic biopsies
and in inflamed versus noninflamed Crohn’s disease colonic biopsies [20]. However, there
was a sixteen-fold increase in noninflamed versus inflamed ulcerative colitis biopsies
compared with only a three-fold increase in noninflamed versus inflamed Crohn’s disease
biopsies [20]. The difference between Crohn’s disease and ulcerative colitis was also
statistically significant [20].

Furthermore, whole-genome microarray screenings revealed the upregulation of elafin
gene transcripts in the active rectal mucosa from patients with ulcerative colitis compared
with controls, suggesting that elafin may be a candidate biomarker of ulcerative colitis [19].

During inflammation, including IBD, the equilibrium between serine proteases and
their endogenous inhibitors might be shifted toward proteases [31]. Aggravated activity of
proteases in the gastrointestinal system may be involved in the initiation and propagation
of inflammation through the degradation of extracellular matrix proteins, proteolytic
activation of inflammatory mediators, activation of intracellular pathways of inflammation,
induction of mucosal layer apoptosis, and inhibition of leukocyte apoptosis [12,31]. Thus,
increased elafin in IBD may be considered a defense mechanism attenuating some stages of
the inflammatory cascade [12,20]. It was shown in a trinitrobenzene sulfonic acid (TNBS)
and dextran sodium sulfate (DSS)-induced colitis model that overexpression of elafin led
to restoration of proteolytic balance; downregulation of IL-6, IL-8, IL-17A, and NFκB; and
inhibition of TNF-α–induced increased permeability [32].

On the contrary, Motta et al. showed that mucosal expression of elafin was dimin-
ished in patients with IBD, which could result in increased elastolytic activity in colon
tissue collected from these patients [21]. Furthermore, Zhang et al. found significantly
decreased expression of elafin mRNA in peripheral blood leukocytes in patients with active
ulcerative colitis and increased expression in ulcerative colitis remission. However, there
were no significant differences in elafin mRNA between patients with Crohn’s disease and
controls [22]. It was also demonstrated that the expression of elafin in inflamed colonic
mucosa in IBD patients was significantly decreased compared with in noninflamed mucosa
in IBD patients and in the colonic specimens from controls [22]. Zhang et al. assessed
serum elafin, which was also decreased in both patients in an active phase and IBD remis-
sion [22]. Downregulation of elafin in IBD patients compared with controls may suggest
that disruption of the protease/antiprotease balance may take part in IBD development [22].
Another explanation for decreased elafin expression in IBD is that it may be a consequence
of chronic inflammation leading to the destruction of epithelial cells, which are the main
source of elafin [22].

The differences between the serum level of elafin and its colonic expression inspired
further experiments by Wang et al. to establish the source of elafin. It was observed
that exposure to the serum exosomes from IBD patients decreased elafin expression in
the peripheral blood mononuclear cells from healthy donors [23]. Moreover, Wang et al.
found that the serum exosomes from patients with stricturing Crohn’s disease elevated the
secretion of elafin. Thus, mesenteric fat adipocytes appear to be an important source of
elafin in the circulation of patients with stricturing Crohn’s disease [23].

Inconsistent results for elafin in IBD patients may result from its dual role in inflam-
mation. On the one hand, elafin as an alarm antiprotease may protect tissues against de-
struction by proteases during inflammation and exhibit anti-inflammatory activity through
the inhibition of the recruitment and action of inflammatory cells [13]. It may inhibit the
action of the transcription factor NF-κB and the release of proinflammatory cytokines such
as TNF and IL-8 [33]. Moreover, it may protect against inflammation by promoting the reso-
lution of the inflammatory cascade through inhibiting human neutrophil elastase-mediated
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cleavage of macrophages and restoring the capacity of macrophages to recognize apoptotic
cells [13,34,35].

On the other hand, elafin may promote innate and adaptive immune responses [13]. It
has been shown that elafin significantly augments LPS-mediated neutrophil migration and
enhances TNF-α production in macrophages [36–38]. Moreover, results from Sallenave et al.
suggested that elafin may concomitantly upregulate local (pulmonary) innate immunity
and downregulate systemic inflammatory responses in the circulation [38]. It was also
shown that elafin may exhibit the potential for modulating both humoral and cell-mediated
adaptive immune responses [39]. Elafin elevated the number of dendritic cells and lympho-
cytes; favored the activation status of dendritic cells; and induced increased the expression
of IL-12, IFN-γ, and local and systemic antibodies [13,39]. Although some insight into the
function of elafin has been gained, the mechanism of its action in the regulation of immune
response has not yet been established.

To date, there has been no research evaluating the diagnostic accuracy of elafin in IBD.
Thus, we performed ROC analysis, which revealed a moderate discriminatory capacity
of serum elafin in distinguishing children with ulcerative colitis from controls. However,
further longitudinal studies are needed to fully determine elafin’s usefulness in the recog-
nition and monitoring of IBD activity in children and adolescents. Although there was a
report of some sex-specific differences in the IBD course and phenotype, we did not find
significant differences in the concentration of serum elafin between girls and boys with
IBD [40].

In our study, we found positive correlations between serum elafin and CRP and
fecal calprotectin only in patients with Crohn’s disease. Zhang et al. found that elafin
mRNA was negatively correlated with ESR, CRP, and the modified Mayo score in patients
with ulcerative colitis and with the Best Crohn’s Disease Activity Index in patients with
Crohn’s disease [22]. Wang et al. revealed positive correlations between serum elafin
and the Harvey Bradshaw Index and the Partial Mayo Score [23]. However, there was no
significant association between serum elafin and endoscopic IBD activity indices, i.e., the
Simple Endoscopic Score for Crohn’s disease and the Mayo Endoscopic Score for ulcerative
colitis [23].

We did not find any association between IBD and location. However, Wędrychowicz
et al. found an increased concentration of plasma elafin in children with Crohn’s disease
with colonic involvement compared with patients with other locations of the disease [41].
Interestingly, Wang et al. revealed that an elevated level of elafin in the serum of pa-
tients with Crohn’s disease was significantly associated with an increased risk of intestinal
strictures [23]. On the other hand, colonic elafin mRNA and protein expression were signif-
icantly lower in patients with stricturing Crohn’s disease compared with nonstricturing
patients [23]. Wędrychowicz et al. found that the concentration of elafin in plasma was
higher in children with inflammatory Crohn’s disease than in those with structuring or
penetrating Crohn’s disease [41].

It is also important to note that Motta et al. delivered elafin in food-grade strains of
lactic acid bacteria to the site of inflammation in the colon in a mouse model, which resulted
in decreased elastolytic activity and inflammatory indicators [21]. Although these results
have promising potential outcomes, they need to be interpreted with caution in terms of
safety because elafin is overexpressed in some neoplasms, including colorectal cancer [42],
high-grade serous ovarian carcinoma, and basal-like breast cancer [43].

5. Conclusions

To conclude, we found that serum elafin is elevated in children with IBD. Moreover,
serum elafin is increased in the active phase of both ulcerative colitis and Crohn’s disease
and only in the remission of ulcerative colitis. Elafin appears to be a potential candidate for
a biomarker of ulcerative colitis.
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