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RESUMO 

 

 

Introdução 
 

    A doença inflamatória intestinal (DII) é uma doença crónica que compreende dois 

subtipos: colite ulcerosa (CU) e doença de Crohn (DC). Enquanto a primeira está restrita 

ao cólon, caraterizando-se por inflamação superficial da mucosa, a DC pode afetar 

qualquer parte do trato digestivo, sendo caracterizada por inflamação transmural. 

Embora tenham sido tradicionalmente estudadas em conjunto, porque partilham 

características comuns, sabemos atualmente que representam duas entidades 

fisiopatológicas distintas. Estas doenças estão associadas a múltiplos fatores 

patogénicos, incluindo uma série de variantes genéticas de suscetibilidade, uma 

resposta imunitária largamente desregulada, uma microbiota intestinal anormal e 

causas ambientais. 

    A progressão da DII e a resposta ao tratamento são extremamente variáveis, com 

alguns doentes a apresentarem doença ligeira, enquanto outros evoluem com doença 

grave ou complicada. Desta forma, os biomarcadores minimamente invasivos surgiram 

como importantes indicadores de atividade da doença, risco de recidiva, necessidade de 

escalada terapêutica e/ou resposta ao tratamento. No entanto, apesar dos grandes 

avanços nesta área, ainda escasseiam biomarcadores capazes de uma gestão 

personalizada e eficaz. 

    A dipeptidil peptidase-4 (DPP-4) é uma glicoproteína ligada à membrana que atua 

como recetor, mas também existe na forma solúvel, atuando através da inativação de 

vários peptídeos que participam da cascata inflamatória. Esta protease da serina atraiu 

particular interesse devido às observações de perfis de expressão alterados em doentes 

com DII, emergindo assim como um potencial biomarcador. 

 

Objetivos 
 

    Este trabalho teve como objetivo explorar a patogénese da DII, possibilitando a 

identificação de potenciais biomarcadores de atividade e prognóstico de doença. Os 

objetivos específicos foram: (a) avaliar o papel da DPP-4 sérica (sDPP-4) como preditora 



 8 

da atividade de doença e prognóstico na DII; (b) avaliar o potencial da DPP-4 fecal (fDPP-

4) como biomarcador de atividade de doença na DII; (c) analisar os níveis de expressão 

de DPP-4 em amostras de tecido intestinal de indivíduos com DII; (d) analisar a evidência 

disponível através de uma revisão sistemática sobre DPP-4 e outras ectopeptidases. 

 

População e Métodos 
 

    Para avaliar a capacidade preditora da sDPP-4, relativamente à atividade de doença e 

prognóstico na DII, procedemos a um estudo de coorte prospetivo multicêntrico, 

envolvendo 4 centros terciários, que incluiu 195 doentes com DII (94 com CU e 101 com 

DC). Para a sua avaliação recorreu-se a índices clínicos, sendo que 68 foram submetidos 

a avaliação endoscópica no início do estudo. Os doentes foram acompanhados durante 

o período de seguimento para avaliar a necessidade de escalada terapêutica. Um 

subgrupo de 46 doentes com DII, da coorte previamente referida, recrutados nas fases 

de indução e manutenção da terapêutica biológica, foi avaliado em vários momentos ao 

longo do tempo de seguimento, tendo como objetivo determinar a resposta ao 

tratamento nesta segunda coorte. Os níveis de sDPP-4, proteína C reativa (PCR) e 

calprotectina fecal (CF) foram quantificados no início do estudo e durante o seguimento. 

    Para esclarecer o potencial papel da fDPP-4 como biomarcador de atividade na DII, 

avaliamos uma coorte recrutada prospetivamente, composta por 101 doentes (51 com 

CU e 50 com DC), do estudo acima mencionado. Estes foram avaliados através de índices 

clínicos validados, biomarcadores sanguíneos e fecais (sDPP-4, PCR, CF e fDPP-4), sendo 

que 22 doentes com CU também apresentaram avaliação endoscópica. Para analisar os 

níveis de expressão de DPP-4 em amostras intestinais de indivíduos com DII foi também 

realizado estudo imunohistoquímico. 

    Por fim, com o objetivo de se analisar a evidência científica disponível, realizamos uma 

revisão sistemática sobre DPP-4 e DII, estabelecendo uma ligação entre dados pré-

clínicos e clínicos, através do uso de modelos animais de inflamação intestinal e estudos 

em doentes com esta patologia. Foram avaliados no total 45 estudos, permitindo 

compreender o papel da DPP-4 na patogénese desta doença, assim como potencial alvo 

terapêutico. 
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Principais resultados 
 

    No primeiro artigo incluído nesta tese, mostramos que os níveis de sDPP-4 eram 

significativamente mais baixos em indivíduos com DII ativa em comparação com aqueles 

em remissão e controlos saudáveis, sendo capazes de discriminar a atividade clínica e 

endoscópica da remissão, assim como a necessidade de escalada terapêutica. Aliás, o 

uso simultâneo de três biomarcadores – sDPP-4, CF e PCR – aumentou 

significativamente o poder preditivo, denotando uma abordagem “multibiomarcador” 

promissora, tendo em conta a natureza complexa e heterogénea desta doença. Além 

disso, a utilidade da sDPP-4 na monitorização da resposta ao tratamento de doentes sob 

terapêutica biológica foi também investigada, ajudando potencialmente na adaptação 

de estratégias de tratamento. Os nossos resultados revelaram níveis mais baixos de 

sDPP-4 em “não respondedores”, particularmente em doentes com CU. 

    No segundo artigo, evidenciamos que os níveis de fDPP-4 foram significativamente 

mais elevados em doentes com CU em remissão comparativamente com aqueles em 

atividade. Pelo contrário, no grupo de doentes com DC ileal, aqueles que apresentaram 

doença ativa exibiram níveis mais elevados de fDPP-4. Demonstramos igualmente que 

a fDPP-4 discrimina atividade versus remissão clínica em ambos os grupos de doença, 

bem como atividade endoscópica em doentes com CU, com elevada precisão 

diagnóstica. A análise imunohistoquímica revelou padrões de expressão distintos no 

tecido intestinal de indivíduos com DII, com expressão aberrante de DPP-4 apical em 

doentes com CU em remissão, enquanto aqueles com doença ativa não apresentaram 

tal expressão. Pelo contrário, indivíduos com DC ileal em remissão apresentaram 

elevada expressão apical de DPP-4, com tendência à redução nos casos de doença ativa, 

embora não tenham sido encontradas diferenças estatisticamente significativas. 

   Por fim, a revisão sistemática (terceiro artigo), incluiu 45 estudos, 36 dos quais foram 

realizados em modelos animais e 12 em humanos (3 incluíram ambos). Em modelos 

animais, o uso de inibidores de DPP-4 melhorou significativamente a inflamação 

intestinal, ao reduzir a atividade catalítica desta protease da serina sobre os seus 

substratos. Os análogos do peptídeo semelhante ao glucagon (GLP) - 2 mostraram 

benefícios consideráveis na recuperação do dano inflamatório, reportando melhorias 

significativas nos índices histológicos e clínicos, bem como redução dos níveis de 
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citocinas pró-inflamatórias e uma resposta intestinotrófica. O único estudo de 

intervenção em humanos, com análogo do GLP-2 (teduglutida) mostrou uma tendência 

para a remissão. 

 

Conclusões 
 

    Neste trabalho propomos uma perspetiva atualizada sobre biomarcadores na DII, com 

foco particular na DPP-4. Os resultados desta investigação sugerem que a sDPP-4 pode 

ser usada nesta patologia como um biomarcador não invasivo de atividade clínica e 

endoscópica, um preditor de escalada terapêutica (particularmente no contexto de uma 

estratégia de vários biomarcadores) e também como um marcador de resposta à 

terapêutica biológica. Além disso, os nossos resultados indicam que a fDPP-4 pode ser 

usada como um biomarcador não invasivo de atividade na DII, particularmente em 

pacientes com CU. Pela primeira vez, comprovamos que doentes com CU em remissão 

apresentam expressão imunohistoquímica aberrante de DPP-4, sugerindo que esta 

poderá ser importante para alcançar e manter a remissão. Estes estudos tornaram 

evidente que os doentes com CU e DC têm perfis distintos de expressão de DPP-4, o que 

pode representar uma compartimentação funcional. 

    O uso de inibidores de DPP-4 e análogos de GLP-2 mostrou claros benefícios no 

tratamento da inflamação intestinal induzida experimentalmente. No entanto, a 

extrapolação destes resultados para seres humanos constitui um desafio e será 

necessária investigação adicional para validar as suas potenciais aplicações diagnósticas 

e terapêuticas na DII. 

 

 

 

Palavras-chave:  

Dipeptidil Peptidase-4; Doença Inflamatória Intestinal; Doença de Crohn; Colite Ulcerosa; Biomarcadores. 
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ABSTRACT 

 

 

Background 
 

   Inflammatory bowel disease (IBD) is a chronic inflammatory disorder encompassing 

two subtypes: ulcerative colitis (UC) and Crohn's disease (CD). While UC is limited to the 

colon, involving superficial mucosal inflammation, CD can affect any part of the digestive 

tract, being characterized by transmural inflammation. Although they have traditionally 

been studied together because they share common characteristics, it is now evident 

that they represent two different pathophysiological entities. These diseases are 

associated with multiple pathogenic features, including several susceptibility gene 

variants, a largely dysregulated immune response, an abnormal intestinal microbiota, 

and environmental triggers. 

   IBD progression and treatment response are highly variable, with some patients 

experiencing mild disease course, whereas others have severe or complicated disease. 

Therefore, minimally invasive biomarkers have emerged as important indicators of 

disease activity, risk of relapse, need for treatment escalation, and/or response to 

therapy. Nevertheless, despite great advances in this area, biomarkers capable of 

personalized and effective management are still lacking. 

   Dipeptidyl peptidase-4 (DPP-4) is a membrane-bound glycoprotein that acts as a 

receptor but also exists in a soluble form, operating by inactivating peptides that 

participate in the inflammatory cascade. This serine protease has attracted particular 

interest due to observations of altered expression profiles in IBD patients, emerging as 

a potential biomarker. 

 

Purpose 
 

   This research project aimed to explore the pathogenesis of IBD, enabling the 

identification of potential biomarkers of disease activity and prognosis. The specific aims 

were: (a) to assess the role of serum DPP-4 (sDPP-4) as a predictor of disease activity 

and prognosis in IBD; (b) to address the potential use of fecal DPP-4 (fDPP-4) as a 

biomarker of disease activity in IBD; (c) to analyze the DPP-4 expression levels in 
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intestinal tissue samples of IBD patients; (d) to evaluate the evidence available in this 

field through a systematic review about DPP-4 and other ectopeptidases. 

 

Populations and Methods 
 

   For the assessment of serum DPP-4 as a predictor of disease activity and prognosis in 

IBD, we conducted a multicentric, prospective cohort, involving 4 tertiary care centers, 

that included 195 IBD patients (94 had UC and 101 had CD). These were evaluated using 

clinical indexes, and 68 underwent endoscopic evaluation at baseline. Patients were 

followed up to assess treatment escalation. A subgroup of 46 biologically treated IBD 

patients of the above-described cohort, were enrolled in the induction and maintenance 

phases of biological treatment and evaluated at several time points. Treatment 

response was assessed in this second cohort. Serum DPP-4, C-reactive protein (CRP), 

and fecal calprotectin (FC) levels were quantified at baseline and during follow-up. 

   To clarify the potential role of fDPP-4 as a biomarker of IBD activity, we evaluated a 

prospectively recruited cohort, consisting of 101 patients with IBD (51 had UC and 50 

had CD), from the above-mentioned study. These were evaluated using validated clinical 

indexes, blood and fecal biomarkers (sDPP-4, CRP, FC, and fDPP-4), and 22 UC patients 

also had endoscopic evaluation. In order to analyze the DPP-4 expression levels in 

intestinal samples of IBD patients, immunohistochemical staining was also performed. 

   Finally, to evaluate the available evidence, we conducted a systematic review of DPP-

4 and IBD, establishing a link between preclinical and clinical data, using validated animal 

models of intestinal inflammation and studies on IBD patients. We analyzed 45 studies, 

allowing us to better understand the specific role of DPP-4 in IBD pathogenesis and also 

as a therapeutic target. 

 

Main results 
 

   In the first paper included in this thesis, we showed that sDPP-4 levels were 

significantly lower in active IBD patients compared to those in remission and healthy 

controls, being able to distinguish clinical and endoscopic activity from remission, along 

with the need for treatment escalation. The simultaneous use of three biomarkers — 

sDPP-4, FC, and CRP — significantly enhanced the predictive power, suggesting a 
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promising multibiomarker approach for the complex and heterogeneous nature of IBD. 

Furthermore, the utility of sDPP-4 in monitoring treatment response among biologically 

treated patients was also investigated, helping potentially in tailoring treatment 

strategies. Our results revealed lower sDPP-4 levels in nonresponders, particularly in UC 

patients.  

   In the second paper, we evidenced that fDPP-4 levels were significantly higher in UC 

patients in remission compared to those with active disease. On the contrary, in the 

group of CD patients with ileal involvement, those with active disease exhibited higher 

levels of fDPP-4. Fecal DPP-4 discriminated with high diagnostic accuracy, remitters from 

patients with active disease, in both disease groups; it was also able to differentiate 

endoscopic activity in UC patients. Immunohistochemical analysis revealed distinct 

expression patterns in the intestinal tissue of IBD patients, with aberrant expression of 

apical DPP-4 in UC patients in remission, while those with active disease did not show 

such expression. In contrast, ileal CD patients in remission exhibited high expression of 

apical DPP-4, with a trend toward reduced expression in cases of active disease, 

although no statistically significant differences were found. 

   Finally, the systematic review (third paper), included 45 studies, 36 of which were 

carried out in animal models and 12 in humans (3 included both). In animal models, the 

use of DPP-4 inhibitors significantly improved intestinal inflammation, by reducing the 

catalytic activity of this serine protease over its substrates. Glucagon-like peptide (GLP) 

- 2 analogs showed substantial benefits in recovery from inflammatory damage, 

reporting significative improvements in histological and clinical scores, as well as a 

reduction in pro-inflammatory cytokine levels and an intestinotrophic response. The 

sole interventional human study with a GLP-2 analog (teduglutide) demonstrated a 

tendency to remission. 

 

Conclusions 
 

   In this project, we propose an updated perspective on biomarkers in IBD, with a 

particular focus on DPP-4. The results from this investigation suggest that sDPP-4 can be 

used in IBD as a noninvasive biomarker of clinical and endoscopic activity, a predictor of 

treatment escalation (especially in the context of a multi-biomarker strategy), and also 
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as a marker of biological treatment response. In addition, our results suggest that fDPP-

4 can be used as a noninvasive biomarker of IBD activity, particularly in UC patients. For 

the first time, we showed that UC patients in remission present aberrant 

immunohistochemical expression of DPP-4, suggesting it can be important to achieve 

and maintain remission in UC. It is now clear that UC and CD patients have distinct DPP-

4 expression profiles, which might represent functional compartmentalization. 

   The use of DPP-4 inhibitors and GLP-2 analogs showed clear benefits in the treatment 

of experimentally induced intestinal inflammation. However, extrapolating these results 

to humans is challenging and more research is needed to validate their potential 

diagnostic and therapeutic applications in IBD. 
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INTRODUCTION 

 

1. INFLAMMATORY BOWEL DISEASE 

 

1.1. Definition 

   Inflammatory bowel disease (IBD) is a chronic disorder, typically classified as one of 

two subtypes: ulcerative colitis (UC) and Crohn’s disease (CD). These are separate 

conditions with several clinical, endoscopic, and histologic features that are critical for 

their diagnosis, some of which are overlapping. 

   UC is restricted to the colon, usually starting in the rectum and extending proximally 

continuously. It is characterized by superficial mucosal inflammation, leading ultimately 

to ulcerations, severe hemorrhage, toxic megacolon, and fulminant colitis. In contrast, 

in CD, any part of the digestive tract can be affected, although the distal ileum and 

proximal colon are more commonly afflicted, frequently in a noncontinuous way. It is 

characterized by transmural inflammation, leading eventually to complications such as 

fibrotic strictures, fistulas, and abscesses (Figure 1). Nearly 10% of IBD patients have 

indeterminate colitis, which is when Crohn´s colitis cannot be distinguished from UC.1 

 

 

 

 

 

 

 

 
 

Figure 1. Differences between ulcerative colitis and Crohn’s disease. Adapted with permission from 

the American Gastroenterological Association.2 
 

 

   Between 25-40% of IBD patients experience various extra-intestinal manifestations, 

such as: anemia, arthritis, osteopenia/osteoporosis, erythema nodosum, pyoderma 
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Ocular 
- Uveitis 
- Episcleritis / scleritis 

Cardiovascular 
- Venous thromboembolism 
- Pericarditis / myocarditis 

Respiratory 
- Interstitial lung disease 
- Vasculitis 
- Sarcoidosis 

Renal and genitourinary tract 
- Urolithiasis 
- Kidney amyloidosis 
- Granulomatous inflammation 
of the genitalia Hepatobiliary 

- Primary sclerosing cholangitis 
- Cholelithiasis 
- Acute pancreatitis 
- Autoimmune hepatitis 
- Portal fibrosis and cirrhosis 
 

Neurologic 
- Peripheral neuropathy 
- Myelopathy 
- Vestibular dysfunction 
- Myasthenia gravis 
- Cerebrovascular disorders 

Bone and joints 
- Arthritis 
- Ankylosing spondylitis 
- Sacroiliitis 
- Metabolic bone disease 
 

Hematologic 
- Anemia due to iron, folate, or 
vitamin B12 deficiency 
- Autoimmune hemolytic anemia 
- Anemia of chronic disease 
- Thrombocytopenic purpura 

Dermatological 
- Aphthous stomatitis 
- Erythema nodosum 
- Pyoderma gangrenosum 
- Sweet’s syndrome 
- Metastatic Crohn’s disease 

 

gangrenosum, aphthous stomatitis, uveitis/episcleritis, urolithiasis, kidney amyloidosis, 

hepatitis, primary sclerosing cholangitis, and others (Figure 2).3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Extraintestinal manifestations of inflammatory bowel disease. Adapted from Das, 1999.3 

Image created in BioRender. 

 
 

1.2. Epidemiology 

   IBD occurs worldwide, although North America and Northern Europe have the highest 

incidence, suggesting a north-south gradient. There is evidence of an increasing 

incidence and prevalence over time and in different regions around the world, with UC 

remaining slightly more prevalent than CD.4  

   The prevalence of IBD has been increasing in Portugal, and the last national available 

data from 2007 estimates a prevalence of 71/100 000 inhabitants and 73/100 000 

inhabitants for UC and CD, respectively. In terms of IBD prevalence in Europe, Portugal 

is ranked average, but its incidence is increasing toward the highest-ranked group.5 

   These diseases occur in all socioeconomic groups, but their incidence is particularly 

high in Caucasians and Ashkenazi Jewish descendants.1 
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   IBD has traditionally been considered a disease of the West, nevertheless, incidences 

in the Eastern hemisphere are growing and follow geographical patterns of 

Westernization (Figure 3).6 Research on migrant populations moving from low- to high-

prevalence areas of IBD and the subsequent increase of the disease prevalence in future 

generations, highlight the influence of new environmental and lifestyle factors, 

suggesting that their impact is most pronounced during the initial phases of life when 

the immune system is still developing and the microbiota is becoming established.7 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Inflammatory bowel disease global prevalence, in 2015. Adapted with permission from 

Springer Nature. Kaplan, 2015.8  

 
   Although both of these diseases can manifest at any stage of life, their incidence is 

highest between the second and fourth decade, with a subsequent peak observed in the 

seventh decade.7 

 

 

1.3. Etiopathogenesis 

   Although the trigger for IBD is unknown, four major pathways might initiate the 

disease: genetic susceptibility, environmental trigger, gut microbiota, and immune 

response (Figure 4).9  

Lowest prevalence                        Highest prevalence   
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Figure 4. Interaction of different factors contributing to the onset of IBD. Reproduced with 

permission from Springer Nature. Sartor, 2006.10 

 

   Host and microbial factors have been implicated in the pathogenesis of IBD, which 

ultimately results in inappropriate immune responses against microorganisms residing 

in the intestinal lumen.11 Therefore, immune events must be integrated and interpreted 

in the context of a larger scenario in which genetics, the environment, and the 

microbiota have significant roles in IBD pathogenesis.9 

 

 

1.3.1. Genetics 

   Multiple studies have demonstrated that first-degree relatives of IBD patients have a 

higher incidence of the disease compared to the general population, as well as a greater 

genetic risk, that is particularly higher for those with CD.12-14 In fact, research conducted 

on monozygotic twins with IBD revealed that the concordance rate for CD was 

significantly greater than that of UC (50% versus 19%), and continued to rise over time.14 

CD patients also demonstrate a genetic clinical pattern, with concordance in disease 

location (e.g., ileal versus colonic) and behavior (e.g., stricturing versus penetrating).15 

Furthermore, another factor suggesting a genetic cause is the presence of genetic 

anticipation, when the subsequent generations develop earlier onset and more severe 

disease.16 

   The first susceptibility gene for CD, NOD2 (nucleotide-binding oligomerization domain 

containing 2), also known as CARD15 (caspase-activating recruitment domain family, 
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member 15), was identified in 2001 and drove further research for additional genes.17 

Genome-wide association studies have been notably successful at implicating IBD risk 

loci and more than 240 risk variants have been identified. These can affect pathways 

responsible for regulating adaptive immunity (e.g., IL23R); genes controlling epithelial 

barrier function (e.g., ECM1); intracellular pathways recognizing microbial products 

(e.g., NOD2); and the autophagy pathway, which regulates the recycling of intracellular 

organelles and elimination of intracellular microorganisms (e.g., ATG16L1, IRGM, and 

NOD2).6,18 These loci account for only a small fraction of total variance in disease risk (8-

13% in CD and 4-7% in UC), demonstrating that no single susceptibility gene is sufficient 

to cause IBD.19 

 

 

1.3.2. Environmental factors 

   It is possible that dietary factors influence the risk of developing IBD. Food antigens 

are thought to induce an immunologic response, leading ultimately to the development 

of IBD, but no particular pathogenic antigens have yet been identified.20 Individuals who 

consumed excessive amounts of meat, total fats, and polyunsaturated/omega-6 fatty 

acids were associated with an increased risk of CD and UC. Conversely, a decreased CD 

risk was reported in people with substantial intake of dietary fiber, specifically from 

fruits and cruciferous vegetables.20,21 

   Cigarette smoking is correlated with an increased risk of CD and its complications (e.g., 

strictures, fistulae), as well as the need for surgery.22,23 In patients with ulcerative colitis, 

quitting smoking is linked to an increase in disease activity and a higher probability of 

requiring hospitalization.24 While the underlying cause of this paradox remains 

unknown, it is possible that nicotine and smoking metabolites have direct effects on 

blood flow, microbiota composition, as well as immune and barrier function.25 

   Some medications can act as risk factors for IBD, in particular nonsteroidal anti-

inflammatory drugs (NSAIDs), oral contraceptives, and hormone replacement therapy. 

These appear to be associated with an increased incidence of IBD, although the risk is 

small.26,27 While IBD has been linked to antibiotic exposure, the causality of this 

association remains unknown.28 
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1.3.3. Microbiota  

   A substantial microbial community, consisting of millions of bacteria, viruses, fungi, 

and eukaryotic microorganisms, colonizes the gastrointestinal tract, especially the colon 

and distal ileum. This collection of organisms is known collectively as the 

microbiome.19,29 

   The intestinal microbiota is acquired at birth and undergoes significant 

transformations during the first year of life. Several environmental exposures (e.g., food, 

hygiene, antibiotics) exert a major influence on the intestinal microbiota in childhood. 

On the contrary, in adults, it is moderately stable over time, although variations can 

occur due to environmental factors and diseases.30 

   The intestinal microbial colonization is essential to the development and maturation 

of the immune system. These commensal bacteria are usually innocuous and exist in a 

mutually beneficial relationship with the host, interfering with the ability of pathogens 

to colonize and invade, due to competition for space and nutrients. When the integrity 

of the mucosal barrier is compromised, they can become pathogenic by crossing the 

epithelium, stimulating an immune response, leading ultimately to intestinal 

inflammation.18,31 The disruption of the normal balance between the intestinal 

microbiota and host, known as dysbiosis, has been associated with IBD.32,33  

   In conclusion, the microbiota is protective for most individuals, may be a permissive 

bystander in some IBD patients, or may have a more significant role in others, depending 

on the interactions with genes and environment, especially in childhood.7 

 

 

1.3.4. Immune dysregulation 

   A dysregulated response with excessive and inadequate immune reactivity to the 

microbiota of the intestinal lumen is implicated in the pathogenesis of IBD, highlighting 

the importance of a balanced immune response.  

   In the healthy state, macrophages engulf and destroy pathogens and infected cells. 

The dendritic cells initiate immune responses in mucosal tissues by acquiring antigens 

and interacting with naive B and T lymphocytes. Naive B cells become activated and 

differentiate into plasma cells, which undergo IgM-to-IgA isotype switching. IgA is 

secreted and transported across the epithelium and neutralizes toxins and pathogens 
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without causing inflammation, due to its incapacity to fix complement. Therefore, the 

mucosal immune system promotes an anti-inflammatory environment due to active 

downregulation of immune responses.18 However, in IBD patients, activated 

macrophages produce increased levels of interleukin (IL)-6, IL-12, IL-23, and tumor 

necrosis factor (TNF), which are proinflammatory cytokines. After the presentation of 

antigens by dendritic cells, CD4+ T lymphocytes proliferate and differentiate into type 1 

T helper (Th) and type 17 Th cells, upregulating chemokine receptors and integrins, 

enabling them to enter the systemic circulation and redistribute to mucosal surfaces, 

where they carry out inflammatory functions.7,18 Therefore, these patients present 

increased levels of mucosal and circulating B lymphocytes, plasma cells, autoantibodies, 

and increased antibodies to microbial antigens, pointing to an abnormal B-cell 

regulation. In fact, IgG-secreting plasma cells are increased in IBD patients, leading to 

inflammation through recruitment of immune cells and activation of complement, in 

contrast to the IgA predominance in the healthy state.34,35 Other inflammatory cells, 

such as neutrophils, found within the mucosa in IBD patients, must be recruited from 

the blood vessels through an enhanced expression of adhesion molecules on leukocytes 

and endothelial cells and increased chemokines, a process called "mucosal homing".36 

Therapeutic approaches aimed at inhibiting mucosal homing of leukocytes are already 

in use in clinical practice. 

   In conclusion, mucosal immunity must maintain a delicate balance between regulating 

tolerance to benign antigens (e.g., food and commensal microorganisms) and 

conducting surveillance for pathogens, in order to elicit an appropriate immune 

response to benefit the host, without causing damage.37 

 

 

1.4. Therapy 

   There are several drugs used in the treatment of IBD, including untargeted therapies 

(corticosteroids, aminosalicylates, and immunomodulators), and targeted biological 

therapies (anti-TNF-α antibodies, anti-α4β7 integrin antibodies, anti-interleukin-12/23 

antibodies, and Janus kinase - JAK - inhibitors).1,7 



 24 

   Corticosteroids are the most important treatment to induce remission in IBD patients 

with active disease. However, they must be used in conjunction with other treatments, 

as long-term steroid use is not recommended for the management of IBD.7,38,39 

   Mesalazine and sulfasalazine, which are 5-aminosalicylic acid-based medications, are 

the cornerstone of treatment in mild to moderate UC, due to their efficacy in inducing 

and maintaining remission. On the contrary, these therapies have limited value for the 

treatment of CD.7,38,39 

   Thiopurines (azathioprine and 6-mercaptopurine) are immunomodulators recognized 

as steroid-sparing agents in IBD patients and are indicated for maintenance therapy of 

moderate to severe CD and also for UC that remains active despite optimally dosed 5-

aminosalicylic acid therapy. Methotrexate, another immunomodulator, is usually 

reserved for CD patients who fail to respond or are intolerant to thiopurines.7,38,39 

   When an immunomodulator therapy alone has failed to achieve satisfactory control 

over a patient's disease, biological therapy is indicated for the induction and 

maintenance of remission. Despite the good response to these drugs, almost 30% of IBD 

patients do not achieve a satisfactory clinical response and those who do, will suffer a 

loss of response of 5-10%, each year, commonly related to immunogenicity.38 The anti-

TNF-α monoclonal antibodies are efficacious and have revolutionized the treatment of 

IBD. They are used in moderate to severe luminal CD (infliximab and adalimumab) and 

UC (infliximab, adalimumab and golimumab). Vedolizumab is a monoclonal antibody 

that inhibits leukocyte trafficking in the intestinal mucosa, by blocking the α4β7 integrin, 

resulting in intestinal selective anti-inflammatory activity, and is approved for induction 

and maintenance therapy for CD and UC. Ustekinumab is an anti-IL-12/23 monoclonal 

antibody with efficacy in the treatment of moderately to severely active CD.39 

Tofacitinib, an oral small molecule JAK inhibitor, is used for treating patients with 

moderate to severe UC, who have failed or are intolerant to anti-TNF agent-based 

therapy.40  

   The main target of IBD treatment is to induce and maintain disease remission, which 

means control of intestinal inflammation, improvement of symptoms, and the 

prevention of long-term damage.1,7 
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2. BIOMARKERS IN INFLAMMATORY BOWEL DISEASE 

 

   A biomarker has been previously defined as “a characteristic that is measured as an 

indicator of normal biological or pathogenic processes, and biological responses to an 

exposure or intervention, including therapeutic interventions”.41,42 Biomarkers comprise 

a wide variety of molecular, physiologic, histologic, endoscopic, and radiographic 

indicators, being the basis of precision medicine.42 

   Over the past few decades, researchers have focused on identifying reliable 

biomarkers of disease burden that can be easily tested in biological samples, without 

affecting the quality of patients’ life. Yet, in the IBD field, we lack minimally invasive 

validated biomarkers to accurately diagnose and prognosticate disease course, as well 

as to predict and monitor response to treatment.43 

   The ideal biomarker should fulfill three distinct domains: (a) reliability for the disease; 

(b) patient compliance; (c) kinetic stability. First, the ideal biomarker should have the 

capability to accurately measure the true concentration of a marker, being able to 

distinguish between different levels of severity, with high specificity and reproducibility. 

Second, it should be harmless for the patient (i.e., have reduced invasiveness), rapid 

(with quick results and no need to follow a preparation), and also cost-effective. Finally, 

it should be stable with long-term storage or shipment and also invariable (not 

influenced by systemic inflammation, for instance).44,45  

   So far, the ideal biomarker that possesses all the above-mentioned qualities does not 

exist and the discovery of an ideal biomarker seems unattainable. Therefore, the 

combination of distinct biomarkers can prove to be advantageous.45 

   Serum inflammatory markers are useful for identifying active inflammation, although 

they are not specific and may be elevated in conditions other than gastrointestinal 

disorders. In contrast, fecal biomarkers are typically more accurate due to their direct 

contact with the intestinal mucosa.46 Next, we will address several biomarkers in use in 

clinical practice. 

   Orosomucoid is an acute-phase protein, predominantly produced in the liver as a 

result of tissue damage, inflammation, or infection. There is a correlation between 

circulating orosomucoid levels and the disease activity of IBD, as assessed by standard 
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disease activity indices. However, its extended half-life of 5 days limits its utility as an 

indicator of disease activity improvement.47 

   Serum C-reactive protein (CRP) is generally recognized as an inflammatory marker in 

the IBD field. Produced by hepatocytes in response to stimulation from inflammatory 

cytokines (IL-1, IL-1β, and TNF-α), this acute-phase reactant has a relatively short half-

life of about 19h.48 Increased levels of CRP help differentiate mucosal active disease 

from quiescent IBD. However, due to its non-specific nature as a biomarker, CRP levels 

may rise in the presence of infections and extraintestinal inflammation, among other 

conditions besides IBD.49 On the other hand, normal CRP levels can be seen in IBD 

patients with active disease, in particular those who are asymptomatic and have mild 

mucosal lesions, namely with ileal disease.49 The contexts in which CRP has been shown 

to be most reliable are the distinction between IBD and irritable bowel syndrome (IBS)50, 

CD patients with transmural inflammation, UC patients with extensive colitis51, and the 

monitoring of disease relapse and therapy failure52,53.  

   The erythrocyte sedimentation rate (ESR) is an indirect measure of inflammation, 

largely through an increase in plasma viscosity, due to the production of acute phase 

response proteins.54 However, ESR rises slowly compared with CRP during inflammation 

and declines even more slowly after the improvement of this state.55 It is also affected 

by the hematocrit, both in anemia and polycythemia, as well as in other diseases and 

physiologic states such as aging and pregnancy, reducing its accuracy and specificity in 

IBD.54  

   Calprotectin is one of the most important biomarkers in IBD, currently used to evaluate 

diagnosis and monitor response to treatment.56 It is a zinc and calcium-binding protein, 

primarily existing in neutrophil granules, presenting an important antimicrobial 

function. When compared to the blood levels of healthy people, the concentration in 

feces is six times higher.57 Patients with active IBD have increased levels of fecal 

calprotectin (FC) and this is due to neutrophil margination in the bowel mucosa.58 FC 

lacks specificity and elevated levels have been found in a range of other conditions such 

as celiac disease, colon cancer, intestinal infections, and with the use of NSAIDs.59 

However, elevations of FC levels in these situations are typically much lower than those 

found in active IBD, so they are still helpful, particularly when considering their absolute 

levels.60 FC showed to be an important tool for differentiating between IBD and IBS50, as 



PEDRO PINTO LOPES 

 27 

well as a biomarker of endoscopic activity in IBD (mainly UC)61, a predictor of clinical and 

endoscopic relapse62-64, and also a predictor of response to treatment65-68. 

   Fecal lactoferrin (FL) is a fecal biomarker with similar results compared with FC. It is an 

iron-binding glycoprotein that is primarily released by neutrophils after margination in 

the bowel mucosa. Data do not differ from the results already observed for FC, as a 

consequence, FL does not provide any additional clinical utility when considered 

independently.69 

   In the future, advanced biomarkers such as microRNAs, metabolomics, and genetic 

testing could enable precise screening of susceptible individuals before disease onset, 

as well as the diagnosis of symptomatic patients.70 

   Biomarkers testing significantly assist in the management of IBD patients and gained 

particular importance as less invasive and cost-effective modalities for a curative 

approach in IBD.44,71 

 

 

3. DIPEPTIDYL PEPTIDASE-4 

 

   Dipeptidyl peptidase (DPP)-4, also known as cluster of differentiation 26 (CD26), is a 

110-kDa glycoprotein and was first reported by Hopsu-Havu and Glenner in 1966.72 It is 

a multifunctional protein, with several biological actions: (a) acts as a surface antigen to 

interact with other molecules, to mediate the interaction between cells-cells and cells-

matrix; (b) acts as a cell surface coreceptor mediating viral entry (e.g., severe acute 

respiratory syndrome coronavirus-2 [SARS-CoV-2]); (c) plays several regulatory roles in 

immune activation/inflammatory response, and tumorigenesis; (d) regulates the 

activities of hormones, cytokines, growth factors, and neuropeptides.73 

   DPP-4 is a member of the serine peptidase/prolyl oligopeptidase gene family, 

subclassified partly by structure and function, which includes: (a) the membrane-bound 

peptidases DPP-4 and fibroblast activation protein a (FAP-a); (b) the resident 

cytoplasmic enzymes DPP-8 and DPP-9; (c) the nonenzymatic members DPP-6 and DPP-

10.74 

   Human DPP-4 is composed of 766 amino acids (a.a.), including a short cytoplasmic N-

terminal tail (a.a. 1-6), a hydrophobic transmembrane segment (a.a. 7-28), a flexible 
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stalk (a.a. 29-48), and a large extracellular part (a.a. 49-766) that can be further divided 

by a heavily glycosylated region (a.a. 49-289), a cysteine-rich region (a.a. 290-510), and 

a catalytic region (a.a. 511-766), which selectively removes the N-terminal dipeptide 

from peptides with proline or alanine at the penultimate position (Figure 5).75,76   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Schematic representation of the DPP-4 dimer on the cell surface. The vertical bar at the left 

represents the primary structure with the delineation of the different regions (not to scale). Sites 

within the glycosylated and cysteine-rich regions serve as a receptor or ligand for different 

molecules, including adenosine deaminase (ADA) and fibronectin, in order to mediate its non-

enzymatic functions. The enzymatic activity resides in the catalytic pocket, formed by residues 

located in the C-terminal portion of the protein. Adapted with permission from Springer Nature. 

Razavi, 2022.77 Image created in Adobe Photoshop CS6. 
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   DPP-4 is present on the cell surface in various forms (monomer, dimer, tetramer), and 

this process is initiated upon interaction at the cysteine-rich region level, with DPP-4 

itself or with other binding partners.78,79 Apparently, DPP-4 needs dimerization for 

enzymatic activity, however, Chien et al. demonstrated that the monomers of DPP-4 are 

not completely devoid of activity, as previously speculated, having much lower activities 

than the dimeric DPP-4.78 Although dimerization is not entirely required to complete the 

active site architecture of DPP-4, it may affect the efficiency of cleavage of substrates by 

the catalytic active site or allow intercellular communication.76 

DPP-4 is ubiquitously expressed on the surface of many cell types, among which are 

epithelial cells, fibroblasts, and lymphocytes. The expression level of this protein varies 

considerably across tissues and has a widespread organ distribution. It can be found in 

the intestinal and renal brush border membranes, glandular epithelial cells, liver and 

pancreas, vascular endothelium, and cells of the immune system.80 

   Particularly abundant on the brush-border membranes of the small intestine, DPP-4 

expression increases distally, being high in the jejunum and ileum, and low in the 

duodenum.79,81 On the contrary, DPP-4 is not expressed on normal colon epithelium, 

although aberrantly present in colon tumors.81 The surface-expressed DPP-4/CD26 is 

also considered a general marker of cellular activation in the immune system and its 

expression levels increase on T, NK, and B cells, after stimulation.82 

   The precise mechanisms controlling DPP-4 gene transcription and its enzymatic 

activity remain unclear and may be potentially cell type-dependent. So far, it is well 

known that interferons (α, β, and γ) and IL-12 are capable of upregulating the DPP-4 

expression, supporting its role in immune cells activation.83,84 

   Additionally, DPP-4 can be found in a soluble form, which is devoid of the 

transmembrane region and the intracellular segment, retaining its enzymatic properties 

due to the intact catalytic center. Accordingly, serum DPP-4 (sDPP-4) is responsible for 

95% of all dipeptidyl peptidase activity in human serum.85 It is believed to result from 

specific proteolytic cleavage of the membrane-anchored form, through a process called 

shedding, by a group of enzymes collectively referred to as “sheddases”. Several studies 

reported that matrix metalloproteinases (MMPs) are involved in this process: MMP1, 

MMP2, and MMP14 have been implicated in the release of DPP-4 from smooth muscle 

cells, MMP14 from adipocytes, and kallikrein 5 from Th17 cells.86,87  
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   The shedding process occurs due to a complex interplay between different proteases 

(in a cell type-specific manner), and an anomalous shedding could be a potential reason 

for the altered sDPP-4 concentrations, in some diseases.86,87 Since DPP-4 is shedded with 

intact enzymatic function, it can exert biological functions in a paracrine or endocrine 

fashion and participate in intracellular signaling events in targeted cells. Nonetheless, 

the precise mechanisms by which sDPP-4 induces signal transduction remain obscure 

and no specific receptors have been identified so far.86  

   Besides shedding, DPP-4 might also be processed within intracellular storage granules 

to allow for its rapid release, as Lettau et al. demonstrated in a previous study. The 

authors showed that DPP-4 can be stored in secretory granules of human cytotoxic 

lymphocyte populations, and upon stimulation, vesicular DPP-4 is rapidly translocated 

to the cell surface, leading to a substantial discharge of proteolytically active DPP-4. 

Consequently, the observed changes in serum DPP-4 concentrations in several diseases 

might be explained by the fact that activated effector lymphocytes are a significant 

source of this peptidase.88 

   DPP-4 transmits signals across cell membranes through interactions with adenosine 

deaminase (ADA), collagen, fibronectin, caveolin-1, T-cell antigen CD45, and 

components of the extracellular matrix (ECM) (Figure 5).89-91 A study by Tanaka et al. 

assessed whether the enzymatic activity of DPP-4 is necessary or not for its co-

stimulatory action, suggesting that while enzymatic activity might contribute to signal 

transduction, it is not essential for this process.92  

   Many bioactive or inactive precursor peptides have been identified as potential 

substrates of DPP-4 action, such as: peptide hormones (glucagon-like peptide [GLP] -

1/2), neuropeptides (substance P, neuropeptide Y), chemokines, and growth factors. 

Nevertheless, it is important to highlight that, even if they are good substrates in vitro, 

additional clearance pathways may be more significant in humans or simply have no 

effect on their biological activity.93,94 

   The relative importance of an enzymatic versus non-enzymatic role of DPP-4 for 

normal physiological regulation, as well as for the pathogenesis of various diseases, is 

still largely unknown. Due to its implication in immunoregulation and fibrotic response, 

increasing studies are focusing on the potential role of DPP-4 in inflammatory disorders, 

such as IBD.   
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3.1. DPP-4 and inflammatory bowel disease 

 

   The expression and activity of DPP-4 have been the focus of research as a possible 

biomarker for many diseases, including IBD. It is extensively glycosylated, which protects 

it from proteolytic attack and contributes to its increased stability, making it an 

interesting biomarker in IBD patients. 

   Xiao et al. reported decreased sDPP-4 enzymatic activity (by 3.5-fold) in IBD patients 

compared to healthy individuals.95 Hildebrandt et al. and Varljen et al. found that sDPP-

4 activity correlates negatively with disease activity scores (Crohn's Disease Activity 

Index [CDAI], Rachmilewitz index, and Truelove and Witts´ classification) and with 

inflammatory markers (orosomucoid and CRP), in IBD patients.96,97 Additionally, these 

patients presented a higher surface expression of DPP-4/CD26 as well as a proliferation 

of CD26-positive T cells co-expressing CD25 (IL-2 receptor α chain), potentially 

promoting a systemic T cell activation toward a Th1 immune response.96 Moran et al. 

also reported lower sDPP-4 levels in CD patients (1.5 times lower) than in healthy 

controls, as well as a 2.7-fold reduction in DPP-4 protein expression in intestinal tissue 

from CD patients, when compared to healthy tissue controls (assessed by western 

blotting). The sDPP-4 levels described had a significant inverse correlation to disease 

activity as measured by the CRP, but not the CDAI.98 

   The pathophysiological mechanisms underlying the association between decreased 

sDPP-4 levels and active inflammation in IBD remain largely unknown.  

 

 

3.2. DPP-4 as a regulator of extracellular matrix and fibrosis 

 

   All tissues contain a highly dynamic ECM, consisting of fibrillar macromolecules 

(collagens, elastin, fibronectin), and non-fibrillar components (glycoproteins, 

proteoglycans, hyaluronan), forming a complex network, that undergoes controlled 

remodeling.99 In addition to serving as a framework for cells, within tissues, the ECM 

also participates in several molecular pathways and activities, including cellular 

proliferation, migration, and adhesion.100 
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   ECM remodeling is a continuous process involving deposition, degradation, and 

modification of its structure, generated by several enzymes such as MMPs, neutrophil 

elastases, and meprins.101 In normal circumstances, the ECM continuously remodels 

itself, and throughout this process, the synthesis of new matrix elements coexists with 

matrix degradation, being determinant in the preservation of tissue homeostasis. 

Consequently, aberrant ECM remodeling can accelerate disease progression by 

modulating cell-ECM interactions and intracellular signaling pathways.102  

   The increased remodeling of the ECM is one of the defining characteristics of IBD, as 

the structure and function of the intestinal tissue matrix undergo progressive 

modifications, as a result of an excessive and protracted inflammatory response.100 The 

continuous cycle of fibroblast activation and ECM deposition ultimately leads to tissue 

fibrosis and functional damage.103 

   DPP-4/CD26 is expressed in fibroblasts and increases the production of matrix 

components and profibrotic mediators, by enhancing intracellular transforming growth 

factor-beta (TGF-β) signaling. It has been shown to bind to collagen and fibronectin, 

facilitating cell migration, and contributing to the formation of the fibrotic 

microenvironment. DPP-4/CD26 also forms a complex with Seprase/fibroblast 

activation protein-α (FAP-α), assisting in the degradation of matrix proteins, which 

further facilitates cell migration (Figure 6).104,105  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Impact of DPP-4/CD26 on fibroblasts. Adapted with permission from John Wiley & Sons, 

Inc. Ohm, 2023.106 Image created in BioRender. 
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    As a consequence, in addition to its enzymatic and costimulatory functions, DPP-

4/CD26 may play a role in the pathogenesis of several chronic fibrotic diseases. 

   Growing evidence suggests that DPP-4/CD26 inhibition may be able to prevent 

excessive matrix deposition while promoting physiological tissue repair. Therefore, it 

could be a potential target for antifibrotic therapy. 106  
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PURPOSE 

 

   The general aim of this investigation presented hereby in this thesis was to contribute 

to the comprehension of IBD pathogenesis and identify potential biomarkers of disease 

activity and prognosis.  

 

 

   For this purpose, three main objectives were defined, as follows: 

 

1 – Evaluation of the role of serum DPP-4 (sDPP-4) as a predictor of disease activity 

and prognosis in IBD (Paper I) 

• Clarify the role of sDPP-4 as a biomarker of IBD activity. 

• Address its potential in predicting the need for treatment escalation and 

monitoring response to biological therapy. 

 

2 – Address the potential use of fecal DPP-4 (fDPP-4) as an emergent biomarker and 

analyze the DPP-4 expression levels in intestinal samples of IBD patients (Paper II) 

• Evaluate the potential use of fDPP-4 as a biomarker of IBD activity. 

• Assess the mechanisms underlying the variations of DPP-4 

immunohistochemical expression profiles, in intestinal tissue samples of IBD 

patients. 

 

3 – Systematic review on the importance of sDPP-4 and other ectopeptidases in IBD 

(Paper III) 

• Evaluate the evidence available in this field through a systematic review 

about sDPP-4 and other ectopeptidases. 

• Understand their specific role in IBD pathogenesis. 

• Provide a link between preclinical and clinical data on their role in IBD, 

through the use of validated animal models of intestinal inflammation and 

studies on IBD patients. 

• Discuss the potential role of DPP-4 as a therapeutic target. 



 38 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This page was intentionally left blank. 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

  



PEDRO PINTO LOPES 

 39 

 

 

 

 

 
 

 

  

    

MATERIAL AND METHODS 



 40 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page was intentionally left blank. 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  



PEDRO PINTO LOPES 

 41 

MATERIAL AND METHODS 

 

 

   The approaches followed for each study and detailed methodologies are indicated in 

the articles belonging to the thesis. 
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RESULTS & PUBLICATIONS 

 

 

Paper I  

 

“Serum Dipeptidyl Peptidase 4: A Predictor of Disease Activity and Prognosis in 

Inflammatory Bowel Disease” 

 

 

Inflamm Bowel Dis. 2020;26(11):1707-1719. 
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Paper II 

 

“Fecal Dipeptidyl Peptidase-4: An Emergent Biomarker in Inflammatory Bowel Disease” 

 

 

Clin Transl Gastroenterol. 2021;12(3):e00320. 
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Paper III 
 

 

“The Role of Dipeptidyl Peptidase 4 as a Therapeutic Target and Serum Biomarker in 

Inflammatory Bowel Disease: A Systematic Review.” 

 

 

Inflamm Bowel Dis. 2020;27(7):1153-1165. 
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DISCUSSION 

 

   IBD is a chronic and debilitating condition, characterized by quiescent phases followed 

by (seemingly unprovoked) disease flares.107 The goals of treatment are to improve 

quality of life, reduce rates of hospitalization and surgery, and achieve mucosal 

healing.108  

   Although patients are commonly followed clinically, there is a limited correlation 

between symptomatology and the severity of mucosal damage, particularly in CD.109 

Currently, accurate monitoring of intestinal inflammation relies upon subjective clinical 

indices, in association with imaging techniques, endoscopy, and histological 

investigation. Nevertheless, these diagnostic tests can be time-consuming, expensive, 

or even invasive. Therefore, these may not be considered acceptable in situations where 

the patient is feeling well.71 

   Several biomarkers have been developed and have emerged as important indicators 

of disease activity, risk of relapse, need for treatment escalation, and response to 

therapy.110 Some of these are blood tests (e.g., CRP, ESR) and are already in use in clinical 

practice, yet they lack specificity for intestinal inflammation and may increase in 

systemic inflammatory states.111 Fecal biomarkers (e.g., FC, FL) generally have better 

diagnostic accuracy, but are somewhat difficult in everyday practice, particularly from 

the patient’s perspective. Individuals with smoldering disease may be reticent to 

comply, in the absence of clinical symptoms. Moreover, sample delivery and processing 

delays can hinder its clinical utility.112  

   In general, fecal markers are more likely than blood markers to reflect the degree of 

intestinal inflammation, due to direct contact with the mucosal environment, whereas 

blood markers often increase for different reasons (e.g., infection), and local 

inflammation does not always correspond to a detectable systemic inflammatory 

response.45 

   There is an unmet need for simple, cost-effective, noninvasive, and robust biomarkers 

to monitor IBD patients. DPP-4 has drawn particular interest as a potential biomarker 

after observations of altered expression profiles in IBD. Previous studies have reported 
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lower sDPP-4 levels and activity in IBD patients compared to healthy controls, as well as 

negative correlations with disease activity scores and other biomarkers.95-98 

 

   Our first study (Paper I) included a prospective and multicentric cohort involving four 

tertiary centers nationwide (Centro Hospitalar Universitário de São João, EPE; Centro 

Hospitalar Universitário de Santo António, EPE; Hospital de Braga, EPE; Centro 

Hospitalar Universitário do Algarve, EPE), and is, to the best of our knowledge, the first 

to explore the potential of sDPP-4 as a biomarker of disease activity and prognosis in 

IBD.  

   There were two different cohorts: the first included 195 patients (94 had UC and 101 

had CD), followed up to evaluate the endpoint “treatment escalation”; the second 

cohort was a subgroup of the first one, comprising 46 biologically treated IBD patients 

attending outpatient consultations, being enrolled in the induction and maintenance 

phases of biological treatment with infliximab, adalimumab, or vedolizumab. Blood and 

fecal samples were collected at baseline, in both cohorts and at evaluation visits, in the 

second cohort. Endoscopic evaluation (ileocolonoscopy, full colonoscopy, or flexible 

rectosigmoidoscopy) was performed, at baseline, for 68 patients of the first cohort. In 

symptomatic patients, infectious enteritis and colitis were ruled out with stool studies 

to evaluate for enteric pathogens (cultures and immunoassay for C. difficile), and also 

testing for cytomegalovirus on colon biopsies.  A control group of 52 healthy people was 

recruited, contributing with stool and blood samples.  

   Our findings, in accordance with previous papers, confirmed that sDPP-4 levels were 

significantly lower in patients with active IBD compared to those in remission and 

healthy controls. No differences were seen in sDPP-4 levels between UC and CD 

patients, precluding its use as a discriminator between these two diseases. Serum DPP-

4 correlated inversely with clinical activity scores (r=-0.43, P<0.001 and r=-0.47, P<0.001, 

respectively for UC and CD patients), and also with endoscopic activity (r=-0.48, P=0.008 

and r=-0.67, P<0.001, respectively for UC and CD patients). Serum DPP-4 also presented 

significant negative correlations with other validated biomarkers – FC and CRP. 

   Further studies are required to understand the pathophysiological processes behind 

the association between decreased sDPP-4 and active inflammation in IBD, but some 

hypotheses can be outlined: (a) this decline is part of a counter-regulatory mechanism 
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that either reduces the activation of pro-inflammatory peptides (thereby limiting the 

systemic immune response) or decreases the degradation of some anti-inflammatory 

peptides (known to regenerate the intestinal mucosa, like GLP-2); (b) these reduced 

levels are directly implicated in IBD pathogenesis. 

   Receiver operating characteristic (ROC) curves analysis showed that sDPP-4 could help 

clinicians discriminate between IBD patients with clinical activity and those in clinical 

remission, with an area under the curve (AUC) of 0.71 (95% CI, 0.60–0.82; P=0.001) for 

UC and 0.81 (95% CI, 0.72–0.90; P<0.001) for CD. Identical results were obtained when 

discriminating IBD patients with endoscopic activity versus remitters, with high AUCs of 

0.79 (95% CI, 0.59–0.98; P=0.010) for UC and 0.93 (95% CI, 0.84–1.00; P<0.001) for CD. 

It performed equally well in a subgroup of active IBD patients without CRP elevation 

(AUC 0.82; 95% CI, 0.70–0.94; P=0.002), as well as in postoperative CD patients (AUC 

0.81; 95% CI, 0.65–0.97; P=0.005). 

   To predict treatment escalation in IBD patients, optimal cutoff points were defined 

based on ROC curve analysis of sDPP-4 and two other biomarkers – CRP and FC. 

Stratification according to these cutoffs, in a Kaplan-Meier curve, showed that after 1 

year, 36% of UC patients and 62% of CD patients with sDPP-4 levels below the cutoff 

(1472 ng/mL and 1452 ng/mL, respectively) had escalated treatment, as opposed to 4% 

of UC patients and 8% of CD with sDPP-4 levels above the cutoff. The use of the three 

simultaneous biomarkers was advantageous and associated with a significantly shorter 

time to treatment escalation: 85% of the UC patients and 80% of the CD patients with 3 

positive biomarkers escalated treatment after 1 year, whereas none of the UC patients 

and only 3% of the CD patients with triple-negative biomarkers had done so. Therefore, 

sDPP-4 evaluation can potentially be used to predict disease course at an early stage, 

identifying patients who would benefit from a more aggressive treatment strategy, as 

they will often go on to require further immunomodulators, biological therapies, and/or 

surgery. FC and CRP have already proved to be useful tests for predicting the course of 

the disease and the need to escalate therapy113,114, and our findings indicate that the 

simultaneous use of three biomarkers (sDPP-4, FC, and CRP) could be an advantage, 

demonstrating a higher discriminative power. If we consider the heterogeneity and 

complexity of IBD, it becomes clear that only one biomarker cannot always predict the 

disease course and the need to escalate treatment in each case, therefore the 



 120 

combination of biomarkers is capable of improving the predictive value of each marker 

taken alone.45 

   Finally, we evaluated the second cohort of biologically treated patients and divided 

them into responders and nonresponders. Our analysis showed that sDPP-4 levels were 

lower in the nonresponders group, and this difference was more pronounced among UC 

(1211 vs. 1467 ng/mL; P< 0.001) than CD patients (1134 vs. 1385 ng/mL; P=0.015). ROC 

curve analysis confirmed its ability to distinguish between IBD responders and 

nonresponders (AUC 0.68; 95% CI, 0.61–0.75; P<0.001). According to these results, 

sDPP-4 could be used to monitor response to treatment, thereby avoiding unnecessary 

exposure to ineffective therapies and lowering the risk of adverse events. A biomarker 

that could guide clinicians to more effective treatment options, skipping the necessary 

steps of treatment escalation whilst maintaining patient safety, may prove to be more 

efficient, enabling faster control of the underlying disease.  

   In summary, the results from this investigation suggest that sDPP-4 can be used in IBD 

as a noninvasive biomarker of clinical and endoscopic activity, a predictor of treatment 

escalation, and also as a marker of biological treatment response. 

 

   In order to contribute toward a deeper knowledge of the pathophysiology of DPP-4 in 

IBD, we assessed the potential role of fDPP-4 as a biomarker of disease activity, as well 

as the expression of DPP-4/CD26 in intestinal samples (Paper II).  

   This study enrolled 101 IBD patients (51 had UC and 50 had CD), recruited for the first 

cohort of the previous study, as well as a group of 40 healthy volunteers, for blood and 

fecal samples collection purposes. Several patients underwent endoscopic procedures 

in the context of the previous study, but only UC patients were included for evaluation, 

due to the low number of ileal CD patients with endoscopic assessment. In addition, 10 

healthy people who underwent ileocolonoscopy mainly for screening purposes 

(noninflammatory diseases), were enrolled for biopsy and immunohistochemical 

analysis.  

   Our study is the first to explore the potential of this fecal biomarker in IBD. UC patients 

in remission (clinical and endoscopic) presented higher fDPP-4 levels, compared to those 

with active disease. Conversely, active CD patients with ileal involvement (clinical 

activity) exhibited higher fDPP-4 levels than remitters. No statistically significant 
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differences were found among ileocolonic CD patients, possibly because these 

individuals share the features of both diseases (UC and ileal CD). Healthy controls 

presented fDPP-4 levels somewhat halfway of the spectrum of IBD patients’ values. 

   In UC patients, fDPP-4 correlated inversely with clinical activity (r=-0.51, P<0.001), 

endoscopic activity (r=-0.57, P=0.005), and also with other biomarkers such as serum 

CRP (r=-0.32, P= 0.022) and FC (r=-0.43, P=0.001). These results resemble, in some way, 

those reported for sDPP-4, although they were generally stronger. Therefore, as 

expected, fDPP-4 correlated positively with sDPP-4 (r=0.52, P<0.001), in this group of 

patients. On the contrary, ileal CD patients presented a direct correlation between fDPP-

4 and serum CRP (r=0.43, P=0.018), but no statistically significant correlations were 

reported between fDPP-4 and the clinical activity score Harvey-Bradshaw index (HBI) or 

FC.  

   Fecal DPP-4 allowed the discrimination between clinical activity from remission, with 

AUCs of 0.80 (95% CI, 0.68–0.93; P<0.001) and 0.76 (95% CI, 0.58–0.94; P=0.015) in UC 

and ileal CD, respectively, as well as endoscopic activity from remission, with AUC of 

0.84 (95% CI, 0.63–1.00; P=0.009) in UC patients.  

   In conclusion, these results suggest that DPP-4 can be used as a noninvasive stool 

biomarker of IBD activity, particularly in UC patients.  

 

   To further understand the mechanisms underlying the variations of DPP-4 expression 

levels in IBD, we implemented immunohistochemical assays to determine its location 

and expression. The results obtained with healthy controls showed that ileal mucosa 

expresses DPP-4/CD26 with high intensity, but colon mucosa doesn’t, being 

undetectable (P=0.002). A previous study from Darmoul et al. demonstrated that the 

amount of DPP-4/CD26 was highest in the ileum and not detectable in the colon, 

although an RT-PCR (Reverse Transcription Polymerase Chain Reaction) analysis showed 

the existence of a faint signal in the colon, supporting the existence of few transcripts 

that had not been detected by other methods.79 Sixty percent of the UC patients in 

remission presented aberrant apical DPP-4/CD26 expression. On the contrary, none of 

the active UC patients expressed it (P=0.012). All ileal CD patients in remission showed 

high apical DPP-4/CD26 expression, as opposed to 29% with active disease, but this 

difference did not reach statistical significance (P=0.190). DPP-4/CD26 was also 
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expressed in the lymphocytes of lamina propria, in the mucosa of IBD patients and 

healthy individuals.  

   DPP-4/CD26 intestinal expression presented a strong and direct correlation with sDPP-

4 in UC patients (r=0.72, P=0.006) and ileal CD patients (r=0.64, P=0.025). However, the 

correlation with fDPP-4 in UC patients was weaker (r=0.54, P=0.049) and did not 

correlate at all with fDPP-4 in CD patients (P=0.873), showing that apical expression of 

DPP-4/CD26 correlates better with serum than fecal DPP-4.  

 

   In this context, our group demonstrated that UC and CD patients have distinct 

expression profiles of DPP-4, disclosing an apparent functional compartmentalization 

(Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Summary of blood, stool, and immunohistochemical test results.  

Blood and fecal biomarker levels are classified as follows:  +++ (high), ++ (moderate), +/++ (moderate 

to low), + (low). Immunohistochemical expression is graded as: +++ (strong), ++ (moderate), + (mild), 

- (absent). a The analysis included ileal CD patients only. b Did not reach statistical difference 

Image created in BioRender. 
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   For the first time, we showed that UC patients in remission presented aberrant 

immunohistochemical expression of DPP-4/CD26 and high levels of fDPP-4 compared to 

patients with active UC, as well as healthy controls, suggesting it can be important to 

achieve and maintain remission. In fact, in this group of patients, fDPP-4 levels above 

1752 ng/mL were associated with endoscopic remission in 88% of the cases. A study by 

Larrinaga et al. had already demonstrated an up-regulation of DPP-4/CD26 in colorectal 

cancer patients, advocating a role for this enzyme/receptor in the neoplastic 

transformation of colorectal tissue.81 Consequently, DPP-4 appears to have different 

functions depending on the disease, protecting against relapses in UC and facilitating 

the progression to colorectal cancer. 

   On the contrary, ileal CD patients with active disease presented higher levels of fDPP-

4 and exhibited a trend toward lower enterocyte expression of DPP-4/CD26 compared 

to those in remission and healthy controls. This is in line with the previous observation 

reported by Moran et al. that DPP-4 protein expression was reduced in intestinal tissue 

(assessed by western blotting) from CD patients compared to healthy individuals.98 We 

hypothesize that this phenomenon can be attributed to a loss of the receptor from the 

epithelium to the intestinal lumen, which could be associated with increased MMPs 

activity, responsible for the shedding of biologically active proteins from their 

membrane-anchored proforms (Figure 8). 
 

 

 

 

 

 

 

 

 

 

 

Figure 8. DPP-4 shedding mechanism hypothesis. After digestion promoted by metalloproteases 

(MMPs), the soluble form of DPP-4 sheds from the membrane, releasing into the intestinal lumen.  

Image created in BioRender. 
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   These different patterns of serum/fecal DPP-4 levels and intestinal expression are 

unlikely to represent simple up/downregulations induced by inflammation, and more 

complex mechanisms likely exist. 

 

   As previously mentioned, the knowledge about the specific role of DPP-4 in IBD 

pathogenesis is limited and remains to be elucidated. Paper III is a systematic review 

that aimed to fill this gap and provide a link between preclinical and clinical data, 

through the use of validated animal models of intestinal inflammation and studies on 

patients with IBD. Its goal was to explore the role of ectopeptidases such as DPP-4 and 

also aminopeptidase N (APN), which gained interest as a potential co-effector of DPP-4 

in immune regulation.  

   The inclusion criteria encompassed all preclinical studies highlighting the 

pathophysiological role of DPP-4 and APN in models of intestinal inflammation, in 

addition to clinical reports demonstrating a correlation between these ectopeptidases 

and IBD. Additionally, studies involving other molecules that were associated with the 

physiological axes of these factors were also considered as long as there was at least an 

indirect link to DPP-4 or APN. The risk of bias in individual studies was evaluated using 

quality evaluation tools/scales adapted to each study type. Of the 193 studies identified 

through queries, 45 were selected for subsequent analysis: 36 used animal models of 

intestinal inflammation, 12 concerned human patients with IBD, and 3 reports included 

both. 

   In animal models of colitis, DPP-4 inhibitors consistently shown either partial or 

significant therapeutic impact.115-125 These findings may reflect, in part, the inhibition of 

the catalytic activity of DPP-4 inhibitors on their substrates (GLP-1, GLP-2, and 

vasointestinal peptide [VIP]), prolonging their half-lives. Consequently, this indirectly 

inhibits costimulatory signals of T-cell activation and the production of Th1-polarizing 

cytokines/chemokines, potentially promoting mucosal healing. Since CD26 knockout 

mice (CD26-/-) did not have intrinsic resistance to the development of colitis or a faster 

rate of mucosal tissue regeneration, a more direct effect of DPP-4 inhibitor activity 

cannot be completely ruled out.126-130 In fact, the protective effect of DPP-4 inhibitors 

has only been demonstrated in the presence of this enzyme/receptor, indicating that 

they may work through mechanisms other than just reducing catalytic activity.124,125,130 
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   DPP-4 is also a potential serum biomarker for many diseases, including cancer and IBD, 

which have become an intense focus of investigation. Several human studies, including 

our first paper, showed that sDPP-4 levels and/or activity were significantly lower in IBD 

patients than in healthy individuals, and correlated inversely with clinical activity scores 

and other biomarkers, such as CRP and FC.95-98,131 The results of our first study, analyzed 

in this systematic review (Paper III), have already been mentioned. 

   Additionally, all animal studies that used GLP-2 analogs demonstrated a clear benefit, 

reporting significant reductions in pro-inflammatory cytokines and also a trophic 

response, with intestinal proliferation and preservation of tissue architecture.132-142 

Nevertheless, the extrapolation of these findings to humans is challenging. A study by 

Buchman et al. which included CD patients with moderate to severe disease treated with 

teduglutide (a GLP-2 analog), failed to reach statistical significance when compared to 

placebo, despite a tendency toward remission.143 This trial has a few limitations: (a) it 

was a pilot study and was underpowered to be able to show a significant difference; (b) 

the use of subjective clinical indices, such as CDAI, as a primary outcome indicator; (c) 

compliance was quite low, due to adverse effects and uncomfortable posology.  

   Other human studies found lower expression of GLP-2 and its receptor in an 

inflammatory environment in IBD patients compared with noninflamed sites and also in 

healthy controls.95,122,144 However, one report found no differences in tissue content or 

serum concentration of GLP-2, not supporting the suggestion that enteroendocrine L-

cell secretion is altered in IBD.145 

   Despite the benefits of GLP-2 analogs and DPP-4 inhibitors, these drugs may increase 

the risk of developing colorectal cancer, and further research is required to assess their 

safety.143 Furthermore, DPP-4 inhibitors may theoretically contribute to the 

perpetuation of inflammatory stimuli due to inhibition of DPP-4 mediated degradation 

of pro-inflammatory chemokines, and therefore lead to a new onset of IBD or a flare. 

An observational study by Abrahami et al. showed that the use of DPP-4 inhibitors was 

associated with an increased risk of IBD in patients with type 2 diabetes mellitus, 

advising physicians to be aware of this association and avoid using these drugs in 

patients with higher risk of IBD.146 On the contrary, an observational study by Kim et al. 

concluded that DPP-4 inhibitor therapy results in decreased risk of IBD and other 

autoimmune diseases.147 Due to these conflicting studies, a meta-analysis of 
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observational studies and clinical trials was conducted to evaluate the potential risk of 

IBD when comparing DPP-4 inhibitor therapy with controls148 The authors concluded 

that based on a conservative random-effects analysis, these drugs do not appear to 

increase the risk of IBD, but long-term postmarketing surveillance is warranted.148 

   This review provides an overview of the underlying pathophysiological processes and 

potential applications in clinical practice. We emphasize our translational approach to 

this subject, from preclinical animal models of disease to studies in human patients with 

IBD. 
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CONCLUSIONS & FUTURE PERSPECTIVES 

 

 

   Referring to the described aims of this Thesis, the following conclusions can be 

formulated: 

 

1. Serum DPP-4 levels were significantly lower in active IBD patients compared to those 

in remission and healthy controls. Interestingly, no significant differences in sDPP-4 

levels were demonstrated between CD and UC patients, indicating that it cannot 

serve as a discriminating factor between these diseases.  

 

2. Serum DPP-4 showed an inverse correlation with clinical activity scores and 

endoscopic activity, as well as with other established biomarkers (e.g., FC and CRP), 

in both diseases.  

 
3. ROC curve analysis confirmed that sDPP-4 can be considered a reliable surrogate 

marker of clinical and endoscopic activity, in IBD. 

 

4. By defining optimal cutoff points, we have demonstrated that sDPP-4 levels can be 

used as a predictor of treatment escalation. Notably, the simultaneous use of three 

biomarkers — sDPP-4, FC, and CRP —enhanced the predictive power significantly. 

This multibiomarker approach holds promise, especially considering the complex 

and heterogeneous nature of IBD. 

 

5. The utility of sDPP-4 in monitoring treatment response among biologically treated 

patients was also explored. Lower sDPP-4 levels were observed in nonresponders, 

particularly in UC patients. ROC curve analysis further validated sDPP-4's ability to 

distinguish between responders and nonresponders, indicating its potential in 

tailoring treatment strategies.  
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6. Fecal DPP-4 levels were significantly higher in UC patients in remission compared to 

those with active disease. On the contrary, in the group of CD patients with ileal 

involvement, those with active disease exhibited higher fDPP-4 levels.  

 
7. ROC curve analysis confirmed that fDPP-4 can be considered a reliable surrogate 

marker of clinical and endoscopic activity, in UC patients. It appears to be a less 

sensitive biomarker in localized small bowel disease. 

 

8. DPP-4/CD26 revealed distinct expression patterns in intestinal tissue of UC and CD 

patients. Aberrant apical DPP-4/CD26 expression was evidenced in UC patients in 

remission, while active UC patients showed no such expression. In contrast, ileal CD 

patients in remission exhibited high apical DPP-4/CD26 expression, with a tendency 

toward reduction in cases of active CD. We evidenced a strong and direct correlation 

between DPP-4/CD26 intestinal expression and sDPP-4 levels in patients with UC and 

ileal CD. However, the correlation with fDPP-4 was weaker, indicating that sDPP-4 

may better reflect cellular expression. 

 
9. This research reveals a potential compartmentalization of DPP-4 functions, 

indicating its distinct roles in different stages and types of IBD. Our study suggests 

that DPP-4 might have a protective function in UC, aiding in achieving and 

maintaining remission, while it could be associated with disease progression in CD. 

 

10. Our systematic review concluded the following: 

10.1 In animal models of colitis, DPP-4 inhibitors evidenced therapeutic impact by 

inhibiting the catalytic activity of DPP-4 over its substrates. However, its 

protective properties might involve other mechanisms beyond that effect. 

10.2 GLP-2 analogs showed a clear benefit in animal studies, reporting significative 

improvements in histological and clinical scores, reduction in pro-inflammatory 

cytokine levels, and an intestinotrophic response. A study in humans with 

teduglutide (GLP-2 analog) exhibited a trend toward remission. 

10.3 DPP-4 inhibitors and GLP-2 analogs might increase the risk of colorectal cancer, 

requiring further research for safety assessment. Conflicting studies exist 
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regarding the association between DPP-4 inhibitors and IBD risk, suggesting the 

need for ongoing surveillance. 

 

 

  Overall, this work contributes to unraveling the role of DPP-4 in IBD and address its 

potential as a valuable tool for clinicians, in managing this complex and challenging 

condition. The integration of these findings into clinical practice has the potential to 

revolutionize IBD management, offering more precise diagnostics and personalized 

treatment strategies for patients. It emphasizes the importance of translational 

research, bridging the gap between preclinical models and clinical applications to 

improve the diagnosis and treatment of IBD. 

 

  Regarding the future and following the ideas that came up with this work, we believe 

it is important to investigate the underlying mechanisms behind the association of 

decreased sDPP-4 levels with active inflammation in IBD, and further studies could 

explore the molecular pathways and immune responses affected by DPP-4, shedding 

light on its role in disease pathogenesis. Our findings should be validated in larger and 

diverse patient populations to establish the clinical utility of sDPP-4 as a biomarker for 

disease activity, prognosis, and treatment response. Long-term studies could assess the 

reliability of sDPP-4 as a predictor for disease progression and the need for treatment 

escalation.  

   The potential involvement of DPP-4 in ECM remodeling and fibrosis should be further 

evaluated, as growing evidence suggests that DPP-4/CD26 inhibition could be a potential 

target for antifibrotic therapy. Knowing the shedding process of DPP-4 and the complex 

interplay between different proteases could also provide a more comprehensive view 

of their involvement in IBD pathogenesis. 

   The therapeutic potential of modulating DPP-4 activity in IBD could be explored, given 

the impact of DPP-4 inhibitors in animal models, further research could focus on 

developing specific drugs targeting DPP-4 for IBD treatment. However, the potential 

risks, such as stimulating carcinogenesis, should be carefully assessed. 
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