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New Diagnostic Possibilities 
for Determining the Activity 
of U lcerative Colitis: 
The Role of Neutrophils
Резюме

Заболеваемость язвенным колитом в последние годы растет, и его развитие в молодом возрасте стало тенденцией, которая прогностиче-

ски неблагоприятна. Клиническая картина язвенного колита часто расплывчата, что приводит к изначально ошибочному диагнозу. Оценка 

эффективности лечения и риска рецидива язвенного колита, требующая инвазивного вмешательства — одна из основных диагностиче-

ских проблем. Целью исследования был анализ данных современной научной литературы о неинвазивных биомаркерах язвенного колита. 

Проанализированы данные зарубежных и отечественных статей по теме исследования, опубликованных в Pubmed и eLibrary за последние 

5-10 лет. Биомаркеры нейтрофильного происхождения являются перспективным направлением в первичной диагностике и оценке актив-

ности язвенного колита.
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Abstract

The incidence of ulcerative colitis has been increasing in recent years, and its manifestation at a young age has become a trend that is prognostically 

unfavorable. The clinical picture of ulcerative colitis is often vague, which leads to an initially erroneous diagnosis. One of the main problems is to 

assess the effectiveness of treatment and the risk of recurrence of ulcerative colitis, which requires invasive intervention. The aim of the study was 

to analyze the data of modern scientific literature on noninvasive biomarkers of ulcerative colitis. The data of foreign and domestic articles on the 

research topic published in Pubmed and eLibrary over the past 5-10 years are analyzed. Biomarkers of neutrophil origin are a promising direction in 

the primary diagnosis and assessment of ulcerative colitis activity.
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ANCA — anti-neutrophil cytoplasmic antibodies, CD — Crohn’s disease, CRP — C-reactive protein, FC — faecal calprotectin, HNE — human neutrophil 

elastase, IBD — infl ammatory bowel disease, IBS — irritable bowel syndrome, IL-6 — interleuki n 6, LF — lactoferrin, MMP — matrix metalloproteinases, 

NGAL — neutrophil gelatinase-associated lipocalin, TIMPS 1–4 — tissue inhibitor of metalloproteinase 1–4, UC — ulcerative colitis

Introduction

Ulcerative colitis (UC) is one of the two primary sub-

types of inflammatory bowel disease (IBD). The aver-

age prevalence of UC is 50–230 cases per 100,000 indi-

viduals, and its annual increase amounts to 5–20  per 

100,000, with an upward tendency in all age groups [1]. 

The pathogenesis of UC is not completely studies; new 

studies on the development of new diagnostic tech-

niques are performed which is especially important in 

view of the chronic and unpredictable course of UC. 

Spontaneous healing and persistent remission of UC 

with no drug treatment is rare; repeated ulceration and 

constant renewal of the epithelium increase the risk 

of colorectal neoplasia and cancer [2]. The healing of 

mucosa is a key therapeutic target in cases of inflam-

matory bowel disease (IBD), including UC, with endos-

copy being the gold standard for diagnosis and treat-

ment. [3]. However, this examination is invasive and 

stressful for patients, with monitoring of the mucous 

membrane condition required at different stages of the 

disease. In view of this fact, the search and implementa-

tion of new effective and minimally invasive UC activ-

ity markers remain relevant. Therefore, the objective of 

our review was to analyze the current literature data on 

potential biomarkers and their possible prognostic sig-

nificance associated with UC.

Risk factors 
for the development 
and progression of UC
The etiology of this disease is currently not com-

pletely investigated. UC has historically been a disease 

of the population of European countries, however, in 

recent years there has been an increased incidence 

among non-European population groups, including 

African American and Asian, so, it was the reason for 

investigating the genetic determinants of IBD devel-

opment [1, 4]. Results of studies have revealed about 

200 susceptibility loci for IBD in the European popula-

tion and at least 35 loci in the Asian population; some 

of the latter were identified as Asian-specific ones [4]. 

Many genetic tests resulted in the identification of 

IBD gene polymorphisms, including NOD2/CARD15, 

IL-10, IL23R [4]. Impaired intestinal homeostasis is 

currently considered as the main factor contributing to 

the pathogenesis and progression of intestinal inflam-

mation associated with IBD [5]. Recent studies dem-

onstrated that special genetic features contribute to the 

impairment of intestinal microbiome. So, prostaglan-

din EP4 receptor encoded by PTGER4 gene is necessary 

to maintain the integrity of epithelial barrier, and its 

impaired structure is associated with the development 

of IBD [5]. 

Interaction of genetic and environmental risk fac-

tors is certainly important for the development of IBD. 

Thus, Min Zhao et al. in their review (2022) analyzed 

255  studies and defined 25  risk factors of IBD devel-

opment; seven of these factors were relevant to both 

eastern and western populations: family history of CD 

or UC, history of smoking, appendectomy, tonsillec-

tomy, diet that includes meat and meat products, vita-

min D deficiency [6]. Other factors, that is, living in 

an urban area, current smoking, use of antibiotics and 

oral contraceptives, caesarean section, use of isotreti-

noin, obesity, diet that includes fat, eggs, and non-

alcoholic products, were associated with an increased 

risk of IBD in only one of these populations. Risk fac-

tors for IBD development in the eastern population 

were the following: diet that includes eggs, increased 
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consumption of fat and fatty acids (both monounsatu-

rated and polyunsaturated) [6]. At the same time, the 

authors identified more than 20  protective factors in 

relation to IBD; eight of them became common for the 

eastern and western populations: contact with domes-

tic and farm animals, many births, physical activity, 

history of breastfeeding, H. pylori infection, current 

smoking status, and coffee consumption [6]. It should 

be mentioned that the protective role of H. pylori was 

also previously demonstrated in a meta-analysis by 

Y. Zhong (2021): negative correlations were obtained 

between H. pylori and the prevalence of IBD, H. pylori 

had a protective effect against IBD, and according to 

the results of meta-analysis, eradication of H. pylori 

contributed IBD relapse [7]. 

A recent meta-analysis of 19 studies demonstrated 

the important role of nutrition in the development of 

IBD [8]. The objective of this paper was to summa-

rize data on the daily diet of adults with IBD com-

pared with healthy individuals of the same age and 

sex. It was discovered that adults with IBD do not get 

enough energy, fiber, fat-soluble vitamins, as well as 

important nutrients such as folic acid, vitamins B1, B2, 

B3, B6, potassium, magnesium and phosphorus. The 

adults with UC have been found to consume signifi-

cantly more fat and copper, and CD patients consume 

significantly less protein, iron, and fiber compared 

to healthy controls. Another important result of this 

review was that the consumption of basic products 

that are considered to form the basis of a healthy diet, 

such as cereals, legumes, fruits, vegetables and dairy 

products, was found to be insufficient for people with 

IBD [8]. Based on the above, it is possible to define 

the groups of individuals with high risk of UC in order 

to provide earlier diagnosis of this disease, including 

non-invasive methods.

Instrumental 
examinations in UC
The preferred method for UC confirmation is 

endoscopic examination that allows to directly observe 

its macroscopic signs, as well as to obtain material for 

histological examination [9]. Endoscopic findings in 

UC include mucosal edema, loss/decrease of vascu-

lar pattern, pseudopolyps, loss of haustration, diffuse 

hyperemia, and mucosal granularity [2]. It  should be 

mentioned that the aforementioned endoscopic signs 

can be observed in other colitis; therefore, differential 

diagnosis essentially depends on the type of endoscopic 

findings and the nature of their generalization in the 

intestine rather than on their range [3]. The histologi-

cal findings typical for this disease include basal plas-

macytosis and the altered structure of mucosa and/or 

crypts. The altered structure of mucosa and crypts 

includes several signs: crypt branching, changed size of 

crypts, atrophy and irregularity of mucous membrane. 

The abovementioned signs indicate the chronicity 

of the inflammatory process in colon mucosa; they 

appear when the underlying inflammation lasts more 

than 4  weeks and remain during remissions [3, 10]. 

The  other signs of inflammation in the patients with 

UC exacerbation are: the groups of neutrophils are 

found in the lamina propria of the mucosa; neutro-

phils invade the superficial epithelium and the crypt 

epithelium with the development of “crypt abscesses”; 

erosions and granulation tissue are visualized. These 

signs indicate the active process; they are observed in 

the exacerbation phase with underlying signs of chro-

nicity and resolve in inactive UC [11]. 

The ongoing clinical trials routinely include endo-

scopic evaluation of healing as an endpoint, and expert 

consensus recommends it as an important treatment 

goal in clinical practice. [11]. Despite progress in the 

drug treatment of UC, a significant part of patients 

have disease relapse [3, 11]. This is due to the fact that 

patients who have achieved mucosal healing according 

to endoscopy usually have active microscopic inflam-

mation of colonic mucosa [12]. Many studies demon-

strated persistent microscopic inflammation in most 

patients with the endoscopic diagnosis of remission 

what allows suggesting that the level of inflamma-

tion with underlying UC can not be fully character-

ized using just endoscopic evaluation [13, 14]. Thus, it 

is reasonable to assume that histological remission is 

associated with improved clinical outcome, and it is the 

parameter that may be the ultimate therapeutic goal in 

the management of UC. 

The role of neutrophils 
in the pathogenesis of UC
Patients with UC have massive neutrophil infiltra-

tion of the intestinal wall followed by the production 

of reactive oxygen species and release of serine prote-

ases, matrix metalloproteinases, and myeloperoxidase 

[15]. It  has been established that neutrophils express 

more than 1,200 cellular proteins; 400 of these proteins 

are located in secretory vesicles, and almost 300 — in 

granules [16]. Disease activity corresponds to progres-

sive neutrophil infiltration, crypt involvement, and 

neutrophil exudation, ranging from minimal inflam-

matory activity to severe ulceration [15, 16]. Thus, 

neutrophil infiltration is a special histopathologic fea-

ture of UC that indicates the central role of neutrophils 

as effector cells in mucosal damage [17]. Neutrophil 

infiltration into epithelium and lamina propria is the 

essential component in assessing the severity of UC, 

in particular, in its histological assessment using Riley 

and Geboes scores, as well as in the recently proposed 

Nancy histological index [17]. Neutrophil infiltration 

of mucosa correlates with the endoscopic severity of 

UC and such systemic indicators of inflammation as 

C-reactive protein (CRP) level in blood serum [16, 

17]. Patients with UC also have altered neutrophil 

apoptosis that may be associated with the release of 
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anti-apoptotic cytokines, such as granulocyte-macro-

phage colony-stimulating factor (GM-CSF) that pro-

longs the life span of granulocytes during mucosal 

inflammation [14]. Uncontrolled accumulation of neu-

trophils and their persistence in the intestinal mucosa 

in cases of active UC may delay timely improvement 

of intestinal inflammation [14–17]. Therefore, neu-

trophils are important in the pathogenesis of UC; they 

are also a valuable marker in defining disease activ-

ity/severity, as well as a potentially attractive drug 

target for therapeutic intervention.

Non-invasive biomarkers 
of neutrophilic origin 
in cases of UC
At present, the following faecal markers of neutro-

philic origin are the most widely studied as potential 

non-invasive markers of UC activity: faecal calprotec-

tin (FC) and lactoferrin (LF) [18]. 

Faecal calprotectin (FC) is a 36 kDa zinc- and cal-

cium-binding protein. It  is located mainly in neutro-

phils and, to a lesser extent, in monocytes and mac-

rophages. Calprotectin makes up 60 % of the soluble 

cytosolic proteins of neutrophils and is used as a marker 

of neutrophil turnover. It can be found in different bio-

logical fluids, such as blood serum, saliva and urine, 

feces [18]. FC concentration in feces is proportional 

to the neutrophil migration into gastrointestinal tract; 

thus, calprotectin is the most widely used faecal marker 

[18, 19]. FC measurement is used in clinical practice for 

the differentiation between functional bowel disorders, 

mainly, irritable bowel syndrome and inflammatory 

bowel diseases [18]. It is used as a valuable non-invasive 

method for monitoring disease activity in patients with 

IBD [20]. 

Lactoferrin is an 80  kDa iron-binding protein that 

was first found in milk and is present in many other 

secretions of human body. Lactoferrin is released from 

secondary granules in neutrophils upon activation 

and has many functions. In  addition to its antibacte-

rial properties, it is involved in immune response, cell 

growth, and cell differentiation [14]. 

Several clinical trials were conducted concerning 

the usefulness of FC and LF in the differential diagno-

sis of IBD and irritable bowel syndrome (IBS), as well 

as for predicting relapse, and as a biomarker of dis-

ease activity in patients with UC [21, 22]. The recent 

ACERTIVE multicentre cross-sectional study that 

included 371 patients demonstrated that FC levels were 

statistically higher in patients with endoscopic and his-

tological activity, and cut-off level of 150–250 μg/g was 

proposed [23]. The results of a large study conducted 

in 2013–2017 that involved 185 patients revealed that 

FC levels ≥170 μg/g were a predictive factors of endo-

scopic activity, and FC levels ≥135 μg/g predicted his-

tological activity [24]. Therefore, lower threshold FC 

values may be chosen to optimize the identification 

of patients with persistent endoscopic and histologi-

cal disease activity in clinical practice. A  systematic 

review of FC and LF as surrogate markers for endo-

scopic monitoring in patients with UC performed 

by M.N.  Mosli et al. (2017) demonstrated their high 

sensitivity and specificity (0.88  and 0.73  for FC and 

0.82 and 0.79 for LF, respectively) [16]. In other publi-

cations, FC and LF sensitivity and specificity vary from 

70 % to 90 % [25].

FC value in the patients with UC correlated with 

endoscopic disease activity with higher accuracy, 

reaching 89 %, in comparison to clinical activity index, 

increased CRP, and leukocytosis (overall accuracy: 

73 %, 62 % и 60 %, respectively) [26]. Moreover, FC is 

used to differentiate the severity of colitis (sensitivity: 

84 %, specificity: 88 %, AUC: 0.92) [27]. FC is a prog-

nostic factor for assessing the management and the 

progress of disease (relapse and postsurgical relapse), 

remission (sensitivity: 92.3 %, specificity: 82.4 %, 

AUC=0.924) and exacerbation of UC (sensitivity 76 %, 

specificity 85 %) [28]. Decreased FC level in patients 

with UC treated with infliximab was a prognostic factor 

for disease remission [29, 30]. FC is used for the com-

prehensive evaluation of patients in clinical trials con-

ducted to test new drugs [23–26]. 

LF was also used to predict UC relapse. LF cut-

off value of 140  μg/g of feces predicted relapse with 

a sensitivity of 67 % and a specificity of 68 % [29, 30]. 

W.A.  Faubion et al. (2018) performed a comparative 

assessment of biomarkers in patients with UC and 

CD compared with endoscopic parameters [31]. The 

markers that feature with the closet association with 

the endoscopic pattern included FC, LF, and lipocalin 

[31]. A systematic review conducted by Y. Wang et al. 

(2015) demonstrated that LF in feces is a sensitive and 

specific marker that can help to differentiate IBD from 

IBS, at least, at the cohort level [32]. The highest levels 

of LF were observed in patients with UC. At the same 

time, the informative value of LF as a biomarker of UC 

was questioned by D. Turner et al. (2010) due to the 

fact that LF has demonstrated limited value in predict-

ing sensitivity to corticosteroids in severe pediatric 

UC [30]. 

Considering the strong association with IBD, FC 

is currently a common secondary endpoint in clini-

cal interventional trials. M.T. Ostermann et al. (2014) 

found that increased doses of mesalazine resulted in a 

consistent decrease in FC levels what correlated with 

a lower relapse rate [33]. Several studies by R. Molan-

der et al. (2013) demonstrated that normalization of FC 

levels after infliximab induction therapy predicts sus-

tained clinical remission [34].

It is important to realize that both LF and FC are 

derived from activated neutrophils (as well as macro-

phages), and their levels correlate well with the amount 

of neutrophils in the intestine [35]. Both markers 

have antimicrobial properties including iron binding 

that is essential for bacterial replication and binding 



О Б З О Р Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 4 • 2022

289 

of lipopolysaccharides [19, 21]. These proteins can be 

used as biomarkers is due to their resistance to proteo-

lytic cleavage and stability in feces [23].

Other biomarkers of 
neutrophilic origin 
in the diagnosis of UC
Neutrophils are multifunctional cells that coordi-

nate and initiate host immune response to an infectious 

agent or tissue damage. During the degranulation of 

activated neutrophils, leukocyte proteases are released 

on the cell surface and into extracellular space; they 

regulate the interaction of innate and adaptive immune 

systems by modulating the expression and activity of 

cell receptors produced by different cytokines [35]. 

Sensors for leukocyte and bacterial proteinases are pro-

teolytically activated receptors expressed on the surface 

of platelets, blood leukocytes and macrophages, as well 

as of epithelial, endothelial, mast, dendritic and other 

cells involved in the development of inflammation and 

immune response [36]. Evaluation of the intensity of 

neutrophil degranulation can be important with regard 

to the pathogenesis of many diseases, as well as the 

assessment of the properties of immunostimulating 

agents.

The family of matrix metalloproteinases (MMPs) 

includes 24  zinc-dependent endopeptidases that are 

involved in the destruction of extracellular matrix in 

normal physiological processes [37]. Their activity is 

regulated by a tissue inhibitor of MMPs (TIMPS1-4) 

[38]. One of the most well-studied MMP enzymes is 

MMP-9 (matrix metalloproteinase-9, gelatinase B, or 

92-kDa gelatinase) that is increased in serum and intes-

tinal mucosa in patients with active UC [38]. In a study 

that involved 85 patients with UC, 64 patients with CD, 

and 27  control individuals, serum MMP-9  levels were 

positively correlated with disease activity and were sig-

nificantly higher in patients with active IBD compared 

with inactive IBD, as well as in patients with active UC 

compared with those with active CD [39]. MMP-9 level 

demonstrated positive correlation with serum IL-6 level, 

platelet and WBC count in cases of UC. It  was found 

that MMP-9  levels in feces significantly correlate with 

total Mayo score and serum levels of CRP and FCP [39]. 

Reported results of a phase I clinical trial concerning 

GS-574 (anti-MMP-9  antibody) demonstrated a clini-

cal response rate of 43 % for patients with UC vs 13 % 

in placebo group [40].

In patients with active UC and CD, serum levels 

of neutrophil gelatinase-associated lipocalin (NGAL) 

are increased compared with controls what indicates 

its potential as a biomarker of UC activity [38]. M. 

de Bruin et al. in their two recent trials investigated 

MMP-9/NGAL complex as a surrogate marker of 

mucosal healing in both UC and CD [41]. They mea-

sured serum MMP9/NGAL levels in two independent 

infliximab-treated UC cohorts and observed that the 

decrease in MMP-9/NGAL levels found in the subjects 

could predict mucosal healing with specificity as high 

as 91 % [41]. 

Elafin (a peptidase-3  inhibitor, or antileukopro-

tease) is a neutrophil elastase inhibitor with broad 

spectrum antimicrobial activity. J. Wang et al. dem-

onstrated that elafin levels in colon bioptates were 

increased in the presence of strictures in patients with 

IBD; this fact, according to the authors, demonstrated 

the altered balance of proteases and antiproteases 

[42]. However, W. Zhang et al. in a recently published 

paper demonstrated a statistically significant decrease 

in elafin mRNA in active UC and its increase during 

remission [43]. The relative expression of elafin mRNA 

in peripheral blood leukocytes in UC negatively cor-

related with erythrocyte sedimentation rate, C-reactive 

protein level, and modified Mayo score, and in patients 

with CD it negatively correlated with clinical activity 

index [43].

Human neutrophil elastase (HNE) of serine prote-

ases family, stored in azurophilic granules of neutro-

phils has broad substrate specificity and can degrade 

structural proteins, including elastin, collagens, and 

proteoglycans [44]. Alongside with elafin, HNE extra-

cellular activity is controlled by many other endog-

enous protease inhibitors, such as α1-antitrypsin (α1-

AT), secretory leukoprotease inhibitor (SLPI), and 

α2-macroglobulin [45]. According to some authors, 

human neutrophil elastase level is increased in the 

mucosa of patients with UC, so it can be used as the 

disease activity biomarker [46]. 

The presence of autoantibodies against neutrophil 

cell proteins is a specific feature of many autoimmune 

diseases. A  number of published papers include the 

description of different anti-neutrophil cytoplasmic 

antibodies (ANCA) that are biomarkers for the diag-

nosis and prognosis of UC [47, 48]. In particular, anti-

proteinase-3  ANCA is significantly more common in 

UC than in CD patients [48]. This allows suggesting a 

possible role of anti-proteinase-3 ANCA as a serologi-

cal biomarker not only for diagnosis but also for differ-

entiating UC and CD. 

Cat-G is another serine protease associated with 

UC. Cat-G expression was found to be higher in colon 

and stool samples of UC patients compared to healthy 

individuals in control group [48]. In  these samples, 

PAR4  expression is not only higher but is also local-

ized mainly in crypts. On  the contrary, in samples of 

healthy volunteers, PAR4 expression is observed in the 

cytoplasm of non-epithelial cells [48]. 

Neutrophil surface markers 
CD16, CD177, CD64
The outer surface of neutrophils expresses mol-

ecules that can be biomarkers or drug targets. Thus, the 

potential significance of these molecules as biomark-

ers is extremely important [35, 36]. These molecules 
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are not just markers on the surface of neutrophils, they 

are also involved in the regulation of cellular functions. 

For example, CD16, or Fc gamma receptor IIIb that was 

found on the surface of neutrophils, as well as on the 

natural killer cells and monocytes/macrophages, is a 

Fc receptor with low affinity to IgG [36, 49]. In  vitro 

studies demonstrated that CD16  was involved in the 

activation of neutrophils by immune complexes, how-

ever, takes no part in other neutrophil functions such 

as phagocytosis or bacterial killing. This makes CD16 a 

particularly attractive potential therapeutic target in 

inflammatory diseases, since its inhibition would not 

compromise host defense against infection [50]. Neu-

trophilic CD16 is also involved in therapeutic response 

in IBD [36, 49]. There is information in literature 

sources on infliximab-induced neutrophil-specific 

CD16-related autoantibodies [50]. 

CD177 is another surface marker that is selectively 

expressed by a distinct subset of neutrophils. It is inter-

esting that CD177 expression on neutrophils was asso-

ciated with clinical response to treatment with cortico-

steroids in severe UC [50]. CD177  transcript doubled 

in patients with UC with no response to systemic cor-

ticosteroid therapy; it became one of the top 10  indi-

cators of steroid resistance in these patients during 

the test for prognostic value [50]. CD64  expression is 

relevant for the management of UC, as CD64 upregu-

lation correlates with loss of infliximab efficacy, and 

CD64 mRNA expression in colon is increased in inflix-

imab non-responders. 

Conclusion
Neutrophil infiltration is central in the pathogenesis 

of UC. Currently available information on the role of 

biomarkers of neutrophilic origin in the diagnosis of 

UC is extremely vast and is of potential research and 

practical interest. The main challenges for their use at 

present are the variety of cut-off values, methods and 

timing of feces sampling, high cost of diagnostic tests. 

Further improvement in the understanding of patho-

physiology and increased validation of biomarkers of 

neutrophilic origin are likely to help in the develop-

ment of an optimal procedure that includes a number of 

clinical and laboratory markers and will help to reduce 

the need for invasive diagnostic procedures in routine 

practice.
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