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Profiling of Human Circulating Dendritic Cells and Monocyte 
Subsets Discriminates Between Type and Mucosal Status in 
Patients With Inflammatory Bowel Disease
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Background:  Intestinal dendritic cells (DC) and macrophages drive disease progression in patients with inflammatory bowel disease (IBD). We 
aimed to characterize the activation and homing profile of human circulating DC and monocyte subsets in healthy control patients (CP) and 
IBD patients.

Methods:  Eighteen CP and 64 patients with IBD were categorized by diagnoses of Crohn disease (CD) and ulcerative colitis (UC), either endo-
scopically active (inflamed) or quiescent. Circulating type 1 conventional DC, type 2 conventional DC, plasmacytoid DC, classical monocytes, 
nonclassical monocytes, and intermediate monocytes were identified by flow cytometry in each individual and characterized for the expression of 
18 markers. Association between DC/monocytes and IBD risk was tested by logistic regression. Discriminant canonical analyses were performed 
to classify the patients in their own endoscopy category considering all markers on each subset.

Results:  CCRL1, CCR3, and CCR5 expression on circulating type 1 DC; CCRL1 expression on nonclassical monocytes; and CCR9 and β7 ex-
pression on classical monocytes allowed us to discriminate among the different study groups. Indeed, the same markers (excluding β7) were also 
associated with IBD when all DC and monocyte subsets were considered at the same time.

Conclusions:  Monitoring the phenotype of human circulating DC and monocyte subsets may provide novel tools as biomarkers for disease 
diagnosis (CD/UC) or mucosal status (inflamed/noninflamed) in the absence of an invasive colonoscopy.
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn di-

sease (CD) and ulcerative colitis (UC), is a global disease af-
fecting more than 1.6 million people in the United States and 
more than 2.2 million people in Europe.1, 2 Although its inci-
dence varies widely depending on the country, it is increasing 
rapidly probably because of the “Westernization” of lifestyles.3 
Indeed, a large multicenter study led by our center suggests 
that the current incidence is greater than previously described,4 

and some studies have suggested that it may affect 1 out of 125 
individuals in Western countries.5 As a chronic disease diag-
nosed in early life, IBD has a high prevalence that is increasing 
over time. Consequently, IBD costs are considerable for health 
care systems.6 It has been estimated that IBD incidence will be 
increased in the next generation, affecting 10 million people 
worldwide.6 Under this scenario it is necessary to find new 
strategies not just to prevent and treat IBD, but also to develop 
new tools that facilitate disease diagnosis and monitoring by 
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assessing the presence and severity of endoscopic inflammation 
by noninvasive approaches in the absence of a colonoscopy.

Chemokines and integrins, together with their recep-
tors, mediate leukocyte trafficking to their target tissues, in-
cluding inflammatory sites.7-9 Therefore, and not surprisingly, 
leukocyte homing toward the intestinal mucosa contributes to 
the inflammatory process in IBD.10-12 Hence, blocking leuko-
cyte migration toward the gastrointestinal tract is an area of 
extensive interest in IBD13 given that as opposed to systemic 
therapeutic approaches, blocking leukocyte migration involves 
tissue-specific immunomodulation, thus limiting potential ad-
verse effects. Indeed, that is the mechanism of action of the al-
ready approved anti-α4β7 vedolizumab treatment for both CD 
and UC patients, whereas other drugs with similar mechanisms 
of action (eg, etrolizumab, abrilumab, PF-00547659) are being 
studied for implementation in IBD clinics.14, 15

Intestinal dendritic cells (DC) and macrophages are es-
sential to keep the mechanisms of immune homeostasis in 
health. However, under inflammatory conditions they display 
a proinflammatory phenotype and function, hence driving 
IBD progression.16-22 Both intestinal DC and macrophages are 
derived from their circulating DC and monocyte precursors, 
which can be divided into subsets based on their ontogeny and 
function.23, 24 Human circulating monocytes can be divided 
into classical (CD14+CD16-), intermediate (CD14+CD16+), 
and nonclassical (CD14-CD16+) monocytes. In a similar 
manner, human circulating DC can be primarily divided into 
plasmacytoid (pDC; CD123+) and myeloid or conventional DC 
(cDC; CD11c+) DC, with the latter being further divided into 
type 1 (cDC1; CD141+) and type 2 (cDC2; CD1c+) myeloid/
conventional DC. Notably, the dysregulated properties that DC 
and macrophages display in IBD are not restricted to the intes-
tinal mucosa because they can also be mirrored (at least par-
tially) on their circulating precursors.25-28 Hence, the study of 
circulating DC and monocyte subsets may provide novel tools 
for disease monitoring.

In this context, we aimed to characterize the activation 
and homing profile of  human circulating DC and monocyte 
subsets in healthy control patients (CP) and IBD patients. 
This work may reveal novel pathogenic mechanisms in IBD 
that may vary depending on its type (CD or UC) or mu-
cosal status (active or quiescent) and may provide evidence 
of  novel noninvasive biomarkers to predict the presence and 
type of  intestinal inflammation in the absence of  an invasive 
colonoscopy.

METHODS

Patients and Biological Samples
Sixty-four patients from the gastroenterology service at 

Hospital Universitario de La Princesa (Madrid, Spain) were re-
cruited (25 men; 39.1%) (Table 1)]. All samples were obtained 
following written informed consent after ethical approval from 
the ethics committee at La Princesa Hospital.

In all patients with IBD, peripheral blood (10 mL) was 
obtained during an ileocolonoscopy performed per clinical prac-
tice for disease diagnosis or monitoring. Patients with IBD were 
then categorized into different groups based on the endoscopic 
results. Patients with UC were divided into active (aUC) or qui-
escent (qUC) disease based on the Mayo endoscopic subscore 
(aUC: >1; Supplementary Table 1; qUC: ≤1; Supplementary 
Table 2). In a similar manner, CD patients were divided into 
active (aCD) or quiescent (qCD) based on the simplified endo-
scopic activity score for CD (aCD: >3; Supplementary Table 
3; qCD: ≤3; Supplementary Table 4). In addition, blood sam-
ples were obtained from a total of 18 noninflamed healthy CP 
(50% men; aged 50.1 ± 10.2 years (mean ± SD); age interval 
33–68 years]. This group had been referred because of rectal 
bleeding, dyspepsia, or colorectal cancer screening. All of the 
CP had macroscopically and histologically normal mucosa.

Blood Processing
Peripheral blood mononuclear cells (PBMC) were im-

mediately obtained by centrifugation over Ficoll-Paque PLUS 
(Amersham Biosciences, Chalfont St. Giles, UK). The PBMC 
were washed twice in phosphate-buffered saline containing 
1  mM EDTA and 0.02% sodium azide (FACS buffer) and 
stained with fluorochrome-conjugated antibodies as explained 
below.

Antibody Labeling and Flow Cytometry
The PBMC were stained with monoclonal antibodies and 

characterized by flow cytometry. In all patients, a Live/Dead 
fixable near–intensity ratio (IR) dead cell stain kit (Molecular 
Probes) was added to the cells before antibody staining, 
thus allowing the exclusion of dead cells from the analysis. 
Supplementary Table 5 shows the specificity, clone, fluoro-
chrome, and source of the antibodies used. Cells were labeled 
in FACS buffer on ice and in the dark for 20 minutes following 
Fc block incubation (Becton Dickinson). Cells were further 
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TABLE 1.  Demographics of Healthy CP and Patients With IBD 

HC Active UC Quiescent UC Active CD Quiescent CD

n (%) 18 (28.1) 16 (25.0) 12 (18.7) 8 (12.5) 10 (15.6) 
Age, y, mean ± SD 50.1 ± 10.2 42.1 ± 14.9 50.3 ± 13.8 55.4 ± 14.2 39.2 ± 12.4
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washed in FACS buffer, fixed with 2% paraformaldehyde in 
FACS buffer for 10 minutes on ice, and washed again in FACS 
buffer before they were stored at 4°C before acquisition on the 
flow cytometer. Cells were acquired on an LSR-Fortessa (BD 
Biosciences) and analyzed using FlowJow (version 10.1). All 
cells were analyzed within singlet viable cells. Positive and neg-
ative gatings were set by the fluorescence minus one (FMO) 
method. The median fluorescence index (MFI) for each marker 
was determined within each immune subset and divided by the 
MFI of its respective FMO within the same subset to obtain 
the IR.

Statistical Analysis
Patients’ individual characteristics were reported as 

age, sex, and IBD treatments. Differences between age ac-
cording to sex were tested by t test analysis. A χ 2 test was 
performed to evaluate differences between sex. Patient 
categories were displayed as sample size (percentage) and 
age (mean ± SD).

The Kolgomorov-Smirnov normality test and univar-
iate analysis (kurtosis and skewness) were performed to test 
markers for normality. Variables were transformed into their 
logarithm to allow them to approach normality and increase 
their clinical interpretability. Association between markers 
and IBD risk was tested by logistic regression. Results were 
reported as an odds ratio along with their 95% confidence 
interval. The sample size achieved almost 70% (β  =  0.31) 
power to detect minimal odds ratios of  0.12. Discriminant 
canonical analysis was performed to classify the patients in 
their own endoscopy category, considering 18 homing and 
activation markers (β7, CCR1, CCR2, CCR3, CCR5, CCR6, 
CCR7, CCR9, CCRL1, CD40, CD86, CD137L, CD274 (pro-
grammed death-ligand 1), CLA, CXCR1, CXCR3, ICOSL, 
and HLA-DR) on each subset and including only those with 
a negative or positive association with IBD. A P value <0.05 
was considered as statistically significant. All analyses were 
performed using SAS University Edition (SAS Institute, 
Cary, NC) and SPSS v.15.

RESULTS

Cell Subset Identification
Human circulating DC and monocyte subsets were 

studied within singlet viable PBMCs. Monocytes were identi-
fied within the CD19-HLA-DR+CD11c+ fraction and divided 
into classical, nonclassical, and intermediate categories based 
on the expression of CD14 and CD16 (Fig. 1A). The DC were 
identified within CD19-CD14-CD16-HLA-DR+cells and iden-
tified as pDC (CD123+) or cDC (CD11c+). The latter were 
further divided into cDC1 and cDC2 based on the expression 
of CD141 and CD1c (Fig. 1A). The 18 migration and activa-
tion markers noted in the previous paragraph were determined 
within each of the 3 DC and 3 monocyte subsets for each IBD 
patient and noninflamed CP. The IR for each marker within 
each immune subset was determined by dividing the MFI of 
each marker by the MFI of its respective FMO for each mono-
cyte (Fig. 1B) and DC subset (Fig. 1C).

Monocyte and DC Subset Analyses
There were no differences among the 5 studied groups 

(healthy CP, aUC, qUC, aCD, and qCD) between age ac-
cording to sex (men aged 46.5 ± 13.2 years and women aged 
47.7 ± 14.1 years; P = 0.7) and not according to sex (P = 0.08).

Because of the extremely high kurtosis and skewness 
for several markers, the IRs for each marker on each subset 
were log-transformed to approach normality. Descriptive 
analysis (medians of the IRs and their interquartile ranges) 
for each activation and migration marker in each studied im-
mune cell subset are shown for healthy CP (Supplementary 
Table 6), aUC patients (Supplementary Table 7), qUC patients 
(Supplementary Table 8), aCD patients (Supplementary Table 
9), and qCD patients (Supplementary Table 10).

First, we performed discriminant canonical analyses 
of the 18 studied markers applied over all DC and monocyte 
subsets (Fig. 2A). Our results showed that all patients within 
each study group (healthy CP, aUC, qUC, aCD, and qCD) were 
associated with each other clustering separated from the others. 
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TABLE 2.  Association Between the Expression of Surface Markers on cDC1 Cells, Nonclassical Monocytes, and 
Classical Monocytes in Patients With IBD 

Active UC Quiescent UC Active CD Quiescent CD 

Subset Marker OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

cDC1 cells CCRL1 0.23 (0.08-0.66) 0.006 — — — — — —
 CCR5 — — 0.10 (0.01-0.83) 0.033 — — — —
 CCR3 — — — — 2.29 (1.11-4.75) 0.025 — —
Nonclassical monocytes CCRL1 0.52 (0.28-0.95) 0.03 — — — — — —
Classical monocytes β7 — — 0.56 (0.34-0.90) 0.02 — — — —
 CCR9 — — — — — — 0.64 (0.46-0.89) 0.007

OR indicates odds ratio.
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Indeed, similar results were obtained if  the analysis was per-
formed over the DC (Fig. 2B) or monocyte subsets (Fig. 2C), 
hence confirming the presence of homing- and activation-based 
differences between circulating DC and monocyte subsets 
from healthy CP and patients with different IBD types and 
mucosal status.

For deeper insight into these differences, we next aimed to 
identify the specific markers responsible for such differentiation 
to assess their relative contribution to IBD pathogenesis and their 
potential utility as biomarkers. Hence, IRs for each marker on 
each cell subset within each IBD condition were referred to their 
respective levels in the healthy CP population. However, when 
the markers were studied as single factors within each subset, no 
differences were found in IBD patients for any studied marker in 
pDC, cDC2, or intermediate monocytes (data not shown). As 
shown in Table 2, regarding the cDC1 subset, CCR3 expression 
was strongly associated with aCD. However, CCRL1 from both 
cDC1 and nonclassical monocytes seemed to display the oppo-
site effect on patients with aUC. In a similar manner, CCR5 ex-
pression on cDC1 and β7 expression on classical monocytes were 
inversely associated with the presence of qUC. Moreover, CCR9 
expression on classical monocytes was also inversely associated 

with qCD. When all DC and monocyte subsets were considered at 
the same time, the same homing markers, excluding β7, were still 
associated with IBD in the same manner (Table 3).

Having therefore identified the markers that better dis-
criminated between the 5 studied populations (CCRL1, CCR3, 
and CCR5 on cDC1; CCRL1 on nonclassical monocytes; and 
CCR9 and β7 on classical monocytes; Table  2), we assessed 
whether a canonical analysis of these markers on these cell 
subsets might have the capacity to discriminate between healthy 
CP and patients with different IBD types (Fig. 3). However, the 
power of discrimination was lost because the studied groups 
overlapped. Hence, our results suggest that the differential 
profile found among the different DC and monocyte (Fig. 2) 
subsets between healthy CP and IBD patients did not result 
from the effect of the markers differentially expressed among 
the studied groups but rather because of several minor cumu-
lative effects reflected in the differential profile of the groups.

DISCUSSION
We have described how human circulating DC and mon-

ocyte subsets display a differential profile between healthy 
CP and IBD patients. Indeed, such differential phenotypes of 

AQ25

FIGURE 1.  Cell subset identification. A, Monocyte and DC subsets were identified within singlet viable PBMCs. Monocytes were identified within 
the CD19- fraction as HLA-DR+CD11c+ and further divided into classical (CD14+CD16-), intermediate (CD14+CD16+), and nonclassical (CD14-CD16+) 
monocytes. In addition, DC were also identified within the CD19- fraction as CD14-CD16-HLA-DR+. Plasmacytoid DC (pDC) were identified as CD123+ 
and myeoloid or classical DC (cDC) were defined as CD11c+. The latter were further divided into type 1 (cDC1) and type 2 (cDC2) cDC based on the 
expression of CD141 and CD1c, respectively. Surface expression or the different markers was further determined on each monocyte and DC subsets. 
B, Monocyte subset expression for each marker was determined as in the case of CCR2. Results were referred to the FMO, denoted as the shaded his-
togram. The MFI for each marker on each subset was divided by the specific FMO of each subset to obtain an IR of expression. C, The IR of expression 
for each marker (CCR2 in this case) on each DC subset was determined as in panel B, dividing the FMI of the marker by the specific FMO.
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human circulating DC and monocytes allowed us to discrimi-
nate between both IBD type (CD or UC) and mucosal status 
(inflamed or noninflamed). These results therefore open the 
possibility of finding novel noninvasive biomarker approaches 
that could predict, by simply monitoring the profile of circu-
lating DC and/or monocyte subsets, the mucosal status of IBD 
patients, hence avoiding the need for an invasive colonoscopy.

This study shows an association between migration and 
activation markers expressed on circulating DC and monocyte 
subsets with different IBD types, confirming a link between 
immune system cells and this pathology.9 In addition, and 

although several studies have suggested that the role of homing 
markers influences IBD pathogenesis,11, 12, 28–31 we suggest their 
use as possible biomarkers in IBD.32 However, although the 
study of circulating DC and monocyte subsets can discriminate 
between IBD type (CD or UC) and mucosal status (inflamed or 
noninflamed) in the healthy CP population, this differentiation 
does not seem to be because of the presence of major factors. 
On the contrary, such differentiation seems to be derived from 
the accumulation of several minor effects, which, although in-
teresting to analyze for deeper insight into the mechanisms gov-
erning IBD pathogenesis under different scenarios may not be AQ26

AQ27

FIGURE 2.  Discriminant canonical analysis performed using the 18 studied markers as discriminatory variables in the pool of monocyte and DC 
subsets (A), DC subsets (B), and monocyte subsets (C). Healthy CP, patients with active UC, patients with quiescent UC, patients with active CD, and 
patients with quiescent CD are denoted with big symbols for each group representing the centroid (mean vector and SD of each independent vari-
able) and small symbols representing each individual patient. Note that all individuals in panels (A) and (B) fall within the centroid of their respective 
group.

TABLE 3.  Association Between the Expression of Surface Markers in All DC and Monocyte Subsets in Patients With IBD 

Active UC Quiescent UC Active CD Quiescent CD 

Marker OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

CCR9 — — — — — — 0.66 (0.47-0.91) 0.01
CCR3 — — — — 2.29 (1.11-4.74) 0.02 — —
CCR5 — — 0.10 (0.01-0.83) 0.03 — — — —
CCRL1 0.24 (0.08-0.66) 0.006 — — — — — —

OR indicates odds ratio.
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of interest as noninvasive biomarkers. Nevertheless, after we 
began work on this study, other research reported that cDC and 
monocytes can be further divided into more subsets that those 
originally studied in this article.33 Hence, we cannot discard the 
notion that if  DC and monocyte subset characterization was 
performed on such a basis, then more robust results may have 
been obtained in our study.

Among all the studied markers on all the subsets, the ex-
pression of CCR3 on cDC1 was strongly associated with aCD. 
Given that CCR3 knockout mice show lower traffic of eosino-
phils to the intestinal mucosa than their control littermates,10, 34 
we cannot disregard a similar mechanism governing cDC1 mi-
gration toward human intestinal mucosa, which could be more 
prominent in CD than in UC.

Conversely, the expression of β7 on classical monocytes, 
CCR5 expression on cDC1, CCRL1 expression on cDC1, and 
nonclassical monocyte and CCR9 expression on classical mono-
cytes seemed to elicit a protective function over IBD. Although it 
has been suggested that an increased expression of CCR5 on inter-
mediate monocytes from patients with qCD with implications of 
monocyte migration, activation status, and production of colony 
stimulating factor-1 and interleukin-10,31 in our cohort CCR5 ex-
pression was associated with the cDC1 subset but in the context of 
qUC. Indeed, an anti-inflammatory property has been suggested 
for this chemokine by down-modulating T cell–dependent immune 
response in mice.35 Research has shown that CCRL1, also called 
ACKR4, is an atypical chemokine receptor that controls leukocyte 
migration,36 transporting such homeostatic chemokines as CCL19, 
CCL21, CCL25, and CXCL13.37 Some murine models of chronic 
intestinal inflammation have reported that a reduced expression of 
CCL21 affects DC migration and that a loss of CCL21 caused il-
eitis in mice.38 

The chemokine receptor CCR9 mediates leukocyte mi-
gration toward the small bowel in a CCL25-dependent manner. 
Hence, patients with CD affecting the ileum but not the colon 
display higher levels of this marker on circulating cDC,28 sug-
gesting a role for this marker for ileal CD but not colonic IBD 
(UC or colonic CD). In fact, Peake et al28 showed that CCR9 
and CLA could stratify colonic- and ileal-affected patients, 
whereas these markers were not differentially expressed be-
tween the IBD groups in our study. That may be because we 
were not able to separate our patients into colonic or ileal di-
sease categories because we did not have a large enough sample 
size of patients with ileal disease patients to perform any anal-
ysis. Another option to consider is that we studied patients with 
endoscopically inflamed or noninflamed disease (determined 
by the simplified endoscopic activity score for CD), whereas in 
the Peake et al study28 CD patient classification into active or 
quiescent was based on the CD Activity Index in the absence of 
endoscopic assessment.28 Last, we cannot discard that our dis-
crepancies could result from environmental, geographical, or 
ethnic differences. Nevertheless, murine models of intestinal in-
flammation have shown beneficial effects of CCR9 expression 
in ileitis (resembling human CD).39 

Finally, integrin β7 mediates, in conjunction with the α4 
integrin, leukocyte migration toward the intestinal mucosa in 
a MadCAM-1 dependent fashion, being the target of the cur-
rently approved vedolizumab treatment. Hence, our results sug-
gest that monocytes and DC infiltrated the intestinal mucosa in a 
β7-independent manner, the reason why its expression on mono-
cytes was not associated with IBD as they infiltrated the mucosa 
via CCR2.9 Altogether, this result highlights the relevance of these 
migration markers in the pathogenesis of IBD; their profile in cir-
culating DC and monocyte subsets may also reveal differences be-
tween IBD types and mucosal status. Indeed, this conclusion is in 
agreement with the recent study from Rubin et al40 that evaluated 
leukocyte subset functions and a gut-homing profile using CyTOF 
approaches, revealing the importance of gut trafficking molecules 
and pointing toward blood-based immune signatures that can dif-
ferentiate clinical subsets of IBD.

We are nevertheless aware of the limitations of our study. 
One of them is that no tissue samples during colonoscopy were 
obtained from the patients, so we were not able to establish a 
correlation between our results in blood and intestinal tissue. 
Another limitation is that we did not assess chemokine levels 
but rather the expression of their receptors on circulating DC 
and monocyte subsets. A final limitatiom was the scarce statis-
tical power to determine stronger associations between markers 
and IBD risk than those we found; this was partially because 
our study is a single-center study that only included a small co-
hort of Spanish patients as a proof of concept, lacking an in-
dependent sample on which to replicate our study. Our small 
cohort size was because we were aiming for environmental 
homogeneity of the patients recruited in a well-defined geo-
graphical region, hence abrogating the effects of environmental 

AQ28

AQ29

AQ30

FIGURE 3.  Discriminant canonical analysis based on the expression of 
CCRL1, CCR3, and CCR5 from type 1 conventional DC, CCRL1 expression 
from nonclassical monocytes, and CCR9 and β7 expression from clas-
sical monocytes as discriminatory variables.
Healthy CP, patients with active UC, patients with quiescent UC, pa-
tients with active CD, and patients with quiescent CD are denoted with 
big symbols for each group representing the centroid (mean vector 
and SD of each independent variable) and small symbols representing 
each individual patient.
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factors on the immune system. Indeed, we consider that the large 
number of studied markers on several different immune cell 
subsets provides a strength to our study that can provide a back-
ground on which future similar studies can be based. Indeed, and 
given that we can discriminate among the different IBD types 
based on the profiling of circulating DC and monocyte subsets 
(Fig. 2), future studies can expand this approach to identify the 
most reliable markers that allow clinicians to discriminate among 
the different IBD types in the absence of a colonoscopy.

CONCLUSIONS
In summary, we describe how the profiling of human cir-

culating DC and monocyte subsets discriminates between dif-
ferent IBD types. However, this discrimination was not because 
of the effect of any major marker(s) on some defined subset(s). 
On the contrary, the discrimination among the different study 
groups likely resulted from several minor cumulative effects re-
flected in the differential profile of the studied groups. Indeed, 
those minor effects allowed us to discriminate not just between 
CD and UC, but also between patients with endoscopically ac-
tive or quiescent disease, suggesting the presence of different 
immunopathogenic pathways (in comparison to healthy CP) 
operating in these cohorts. Future studies will therefore have 
deeper insight into these mechanisms, hence aiming not only to 
decipher differences between the different IBD types but also to 
explore such variability as novel noninvasive biomarkers to aid 
in IBD diagnosis or monitoring.

SUPPLEMENTARY DATA
Supplementary data are available at Inflammatory Bowel 

Diseases online.
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