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Abstract

Background and Aims: Ulcerative colitis [UC] is a chronic inflammatory disease of the colon. 
Colonoscopy remains the gold standard for evaluating disease activity, as clinical symptoms are 
not sufficiently accurate. The aim of this study is to identify new accurate non-invasive biomarkers 
based on whole-blood transcriptomics that can predict mucosal lesions and response to treatment 
in UC patients.
Methods: Whole-blood samples were collected for a total of 152 UC patients at endoscopy. 
Blood RNA from 25 UC individuals and 20 controls was analysed using microarrays. Genes that 
correlated with endoscopic activity were validated using real-time polymerase chain reaction in an 
independent group of 111 UC patients, and a prediction model for mucosal lesions was evaluated. 
Responsiveness to treatment was assessed in a longitudinal cohort of 16 UC patients who started 
anti-tumour necrosis factor [TNF] therapy and were followed up for 14 weeks.
Results: Microarray analysis identified 122 genes significantly altered in the blood of endoscopically 
active UC patients. A significant correlation with the degree of endoscopic activity was observed in 
several genes, including HP, CD177, GPR84, and S100A12. Using HP as a predictor of endoscopic 
disease activity, an accuracy of 67.3% was observed, compared with 52.4%, 45.2%, and 30.3% for 
C-reactive protein, erythrocyte sedimentation rate, and platelet count, respectively. Finally, at 14 
weeks of treatment, response to anti-TNF therapy induced alterations in blood HP, CD177, GPR84, 
and S100A12 transcripts that correlated with changes in endoscopic activity.
Conclusions: Transcriptional changes in UC patients are sensitive to endoscopic improvement and 
appear to be an effective tool to monitor patients over time.
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1. Introduction

Ulcerative colitis [UC] is a chronic inflammatory disease of the 
colon. Disease is characterised by continuous mucosal inflamma-
tion,1 which in most patients, follows a remitting and relapsing 
course.2 Disease activity can be determined by assessments of clini-
cal symptoms and endoscopic lesions.3 Nonetheless, the potential 
discrepancies between clinical symptoms and endoscopic lesions,4 as 
well as the association of mucosal healing with sustained remission 
and reduced surgery requirements,2,5 makes mucosal healing a thera-
peutic objective in UC management.

Although endoscopy is the gold standard for assessing disease 
activity and severity, it carries a considerable economic cost, discom-
fort for patients and, in severe cases, risk of procedure complica-
tions. Moreover, the need for endoscopic procedures may negatively 
impact on patient recruitment in clinical trials. Consequently, con-
siderable efforts have been made to identify reliable non-invasive 
biomarkers that can predict disease activity. Available serological 
and faecal biomarkers, although widely used in clinical practice 
and clinical trials, have low diagnostic accuracy for the detection of 
ongoing inflammation, particularly in cases of mild or moderately 
active UC.6–8

We and others have previously shown that transcriptional analy-
sis of intestinal biopsies is a useful tool for identifying not only disease 
biomarkers, but also molecular mechanisms of intestinal inflamma-
tion.9–13 Nonetheless, little evidence is available on the usefulness 
and reliability of transcriptional changes in whole-blood samples in 
patients suffering from inflammatory bowel disease [IBD].14

Here, we assess the sensitivity of whole-blood transcriptional 
changes to predict endoscopic lesions in UC. Whole-genome micro-
array analysis or real-time polymerase chain reaction [RT-PCR] of 
total blood was used in a total of 152 UC patients undergoing endos-
copy to assess disease severity. Our study identifies and validates 
blood transcriptional biomarkers that can be used in clinical settings 
as predictors of endoscopic activity. Moreover, the sensitivity of the 
identified blood biomarkers as surrogate indicators of response to 
therapy was evaluated using a prospective cohort of patients receiv-
ing anti-tumour necrosis factor alpha [TNFα].

2. Materials and Methods

More detailed information is described in the supplementary materi-
als and methods [available as Supplementary data at ECCO-JCC 
online].

2.1. Patient population and assessment of disease 
activity
Two cohorts of patients were included in this study. The first cohort 
came from a cross-sectional multicentre study, and included UC 
patients who had undergone clinical and endoscopic evaluations. 
From December 2012 to December 2015, 136 UC patients and 20 
non-IBD controls {11 males; median age of 47 years (interquartile 
range [IQR]: 38–54)} were recruited at the Hospital Clinic Barcelona 
[Spain], the Hospital Universitari de Bellvitge [Spain], and the Clinical 
Hospital of the Faculty of Medical Sciences, University of Campinas 
[Brazil] [Table 1]. Non-IBD controls were those subjects undergoing 
a screening colonoscopy for colorectal cancer and who had had a 
normal examination. The second cohort came from an observational 
prospective study at Hospital Clinic Barcelona [Spain], and included 
UC patients who had been treated with an anti-TNFα antibody [inf-
liximab, adalimumab or golimumab] and followed up for 14 weeks. 

All patients underwent clinical and endoscopic evaluations at Weeks 
0 and 14. From January 2013 to September 2015, 16 UC patients 
were included [Table 2]. Patients with concomitant infections were 
excluded from both cohorts.

Institutional ethics committee approval was required in all cen-
tres and written informed consent was obtained for all patients.

As we hypothesised that changes in a systemic biomarker [such 
as a transcript in blood] may be influenced by the inflammatory bur-
den [whole disease extension and activity at a given time point],15 
two different endoscopic scores were reported; the endoscopic 
Mayo score and the Modified Score [MS, sum of the endoscopic 
Mayo score for the five colonic segments].16 For those cases with 
incomplete colonoscopy [n = 16], the MS could not be calculated. 
Endoscopic remission was defined as an endoscopic Mayo score or 
MS = 0.

2.2. Blood collection
Whole blood [2.5 ml] for RNA extraction was collected at the time 
of endoscopy using the PAXgene Blood RNA System [PreAnalytiX 
GmbH, Switzerland] according to the manufacturer’s instructions. 
Blood was also collected for standard clinical tests (C-reactive pro-
tein [CRP], erythrocyte sedimentation rate [ESR], platelet count, 
etc.) and to measure haptoglobin concentration [ADVIA Chemistry 
System, Siemens Healthineers, Germany].

2.3. RNA isolation
Total blood RNA was isolated using the PAXgene Blood RNA Kit 
[Qiagen, Spain] in a QIAcube instrument [Qiagene, Spain] follow-
ing the manufacturer’s instructions. Additional DNase Treatment & 
Removal [Ambion, Life Technologies, USA] was used to safely elimi-
nate DNA contamination from RNA samples. Purity and integrity 
of the total RNA were assessed with the 2100 Bioanalyzer [Agilent, 
Germany] and only samples with an RNA integrity number [RIN] > 
7.0 were used. RNA was quantified using a NanoDrop spectropho-
tometer [Nanodrop Technologies, USA].

2.4. Microarray
The derived cDNA from whole blood [Group 1, Table 1], produced 
by Ovation® PicoSL WTA System V2 [NuGEN, USA], was hybrid-
ised to high-density oligonucleotide Affymetrix GeneChip Human 
Genome U133 Plus 2.0 Arrays [Affymetrix, USA] and raw data were 
analysed using Bioconductor tools in R [version 3.1.0].17–23

Microarray raw data [.cel files] and processed data have been 
deposited in the National Center for Biotechnology Information 
[NCBI] ’s Gene Expression Omnibus24 and are accessible through 
GEO Series accession number GSE94648 [https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc = GSE94648].

2.5. Quantitative RT-PCR
Microarray transcriptional data was validated using RT-PCR 
analysis for a selected set of 23 target genes and four endogenous 
controls [Supplementary Table 1, available as Supplementary data 
at ECCO-JCC online]. Technical validation was performed in a 
subset of samples previously evaluated by microarray. For biologi-
cal validation, an independent group of samples [Group 2, Table 1] 
was employed.

Total RNA [500 ng] was transcribed to cDNA and real-time 
PCR was performed using custom-designed TaqMan Low Density 
Arrays [TLDA platform, Applied Biosystems, Life Technologies, 
USA].25
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Table 1. Clinical and demographic characteristics of UC patients from cohort 1. Patients with UC are divided into active or remission, based 
on their endoscopic Mayo scores. Continuous variables are described as median and IQR, and categorical variables as absolute frequen-
cies and percentages; p-values from non-parametric tests are shown.

Cohort 1: Clinical and demographic characteristics

Active UC Remission UC p-Value

Total 103 33 —
Microarray [Group 1]
Total 17 8 —
Gender 0.39
Male 12 [70.6%] 4 [50%]
Female 5 [29.4%] 4 [50%]
Age [years] 45 [35–54] 52 [43–57] 0.22
Duration of disease [years] 9 [3–12] 13 [13–22] < 0.01
Extent of disease 0.14
 Proctitis 1 [5.9%] 3 [37.5%]
 Left-sided colitis 12 [70.6%] 3 [37.5%]
 Extensive colitis 4 [23.5%] 2 [25%]
Medication 0.88
 No treatment 2 [11.8%] 2 [25%]
 5-ASA 10 [58.8%] 5 [62.5%]
 Immunosuppressors 2 [11.8%] 1 [12.5%]
 Anti-TNF 2 [11.8%] 0 [0%]
 Steroids 1 [5.9%] 0 [0%]
 Combined therapy 0 [0%] 0 [0%]
CRP [mg/dL] 1.1 [0.3–1.8] 0.2 [0.02–0.3] < 0.01
ESR [mm/h] 16.0 [7.0–22.8] 16.0 [12.0–18.3] 0.94
Platelet count [10^9/L] 320 [291–381] 233 [189–386] 0.14
Global Mayo Score 7 [5–8] 0 [0–0] < 0.01
Endoscopic Mayo Score —
 Score 0 0 [0%] 8 [100%]
 Score 1 1 [5.9%] 0 [0%]
 Score 2 4 [23.5%] 0 [0%]
 Score 3 12 [70.6%] 0 [0%]
N/L Ratio 3.3 [2.6–3.5] 2.6 [2.2–2.9] 0.20
Real-Time PCR [Group 2]
Total 86 25 —
Gender 0.25
Male 53 [61.6%] 12 [48%]
Female 33 [38.4%] 13 [52%]
Age [years] 45 [36–56] 50 [37–60] 0.42
Duration of disease [eayrs] 9 [4–15] 15 [11–23] < 0.01
Extent of disease 0.38
 Proctitis 21 [24.4%] 3 [12%]
 Left-sided colitis 25 [29.1%] 9 [36%]
 Extensive colitis 40 [46.5%] 13 [52%]
Medication 0.07
 No treatment 4 [4.7%] 4 [16%]
 5-ASA 32 [37.2%] 13 [52%]
 Immunosuppressors 18 [20.9%] 5 [20%]
 Anti-TNF 7 [8.1%] 2 [8%]
 Steroids 11 [12.8%] 0 [0%]
 Combined therapy 14 [16.3%] 1 [4%]
CRP [mg/dL] 0.84 [0.17–2.24] 0.12 [0.03–0.5] < 0.01
ESR [mm/h] 11.5 [7.0–26.5] 10.0 [5.5–15.5] 0.25
Platelet count [10^9/L] 279 [228–323] 252 [194–273] 0.03
Global Mayo Score 6 [2–8.8] 0 [0–0] < 0.01
Endoscopic Mayo Score —
 Score 0 0 [0%] 25 [100%]
 Score 1 24 [27.9%] 0 [0%]
 Score 2 21 [24.4%] 0 [0%]
 Score 3 41 [47.7%] 0 [0%]
MS 4 [2–7.8] 0 [0–0] —
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2.6. Statistical analysis
Continuous variables were described as median and IQR, and 
categorical variables as absolute frequencies. Pearson’s product 
moment correlation coefficient was applied for continuous variables 
in order to identify the linear association between paired samples. 
The Spearman rank correlation coefficient was applied in order to 
test any associations between continuous and ordinal variables or 
between continuous variables without assuming a linear relation-
ship. The relationship between categorical variables was assessed by 
Fisher’s exact test. The Mann-Withney-Wilcoxon and Kruskal-Wallis 

tests were carried out to analyze the statistical significance of dif-
ferences between groups [difference between two populations or 
among more than two populations, respectively]. To correct for 
multiple testing, the method of Benjamini and Hochberg23 was 
used. The logistic regression was used to predict endoscopic activity, 
and the lasso regression analysis method [least absolute shrinkage 
and selection operator] was performed for variable selection.26 The 
receiver operating characteristic [ROC] area under the curve [AUC] 
was then calculated to assess the ability to detect mucosal lesions in 
our models, and the DeLong’s test was used to determine significant 

Table  2. Clinical and demographic characteristics of UC patients from cohort 2.  Patients’ demographics and clinical characteristics at 
screening [Week 0] and at Week 14. Continuous variables are described as median and IQR, and categorical variables as absolute frequen-
cies and percentages; p-values from paired analysis between Weeks 0 and 14 are shown.

COHORT 2: Clinical and demographic characteristics

Number of cases 16
Gender [male/female]
 Male 9 [56.3%]
 Female 7 [43.7%]
Age [years] 41 [35–53]
Duration of disease [years] 6 [3–18]
Extent of disease
 Proctitis 0 [0%]
 Left-sided colitis 5 [31.3%]
 Extensive colitis 11 [68.7%]

Week 0 Week 14 p-Value

Medication < 0.01
 No treatment 2 [12.5%] 0 [0%]
 5-ASA 1 [6.3%] 0 [0%]
 Immunosuppressors 10 [62.5%] 0 [0%]
 Anti-TNF 2 [12.5%]a 6 [37.5%]
 Steroids 1 [6.3%] 0 [0%]
 Combined therapy 0 [0%] 10 [62.5%]
CRP [mg/dL] 2 [0.4–3.7] 0.5 [0.04–1.9] 0.04
ESR [mm/h] 43 [17.5–66.5] 32 [15.5–44] 0.12
Platelet count [10^9/L] 368 [252–503] 265 [208–504] 0.50
Global Mayo Score 9 [8–9] 6 [2–9] < 0.01
Endoscopic Mayo Score 0.01
 Score 0 0 [0%] 1 [6.3%]
 Score 1 0 [0%] 3 [18.7%]
 Score 2 3 [18.7%] 3 [18.7%]
 Score 3 13 [81.3%] 9 [56.3%]
MS 9 [5.8–12] 7 [2–9.8] 0.04
Neutrophils [%] 69.2 [59.6–79.1] 63.6 [56.7–73.42] 0.29
Neutrophil count [10^9/L] 5.8 [3.7–7.5] 3.2 [2.5–6.2] 0.09
N/L ratio 3.7 [2.6–6.2] 2.8 [2.1–4.4] 0.02

UC, ulcerative colitis; IQR, interquartile range; 5-ASA, 5-aminosalicylic acid; TNF, tumour necrosis factor;CRP, C-reactive protein; ESR, erythrocyte sedimenta-
tion rate; N/L ratio; neutrophil-lymphocyte ratio; MS; Modified Score [sum of endoscopic Mayo score of each segment].

aThese two cases were treated with an anti-TNFα drug, but stopped due to no response and started a different one.

Cohort 1: Clinical and demographic characteristics

Active UC Remission UC p-Value

Neutrophils [%] 64.5 [57.1–68.7] 61 [54.5–68.2] 0.27
Neutrophil count [10^9/L] 3.9 [3.0–5.9] 3.6 [2.9–4.9] 0.28
N/L ratio 2.8 [1.9–3.2] 2.1 [1.5–3.1] 0.16

UC, ulcerative colitis; IQR, interquartile range; 5-ASA, 5-aminosalicylic acid; TNF, tumour necrosis factor;CRP, C-reactive protein; ESR, erythrocyte sedimen-
tation rate; RT-PCR, real-time polymerase chain reaction; N/L ratio; neutrophil-lymphocyte ratio; MS; Modified Score [sum of endoscopic Mayo score of each 
segment], only available for patients with complete endoscopy procedure [n = 95].

Table 1. Continued
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differences between the ROC curves. A p-value ≤ 0.05 was consid-
ered statistically significant. All analyses were performed using R 
statistical environment [V.3.1.0].

3. Results

3.1. Whole-blood transcriptional analysis identifies 
changes in gene expression associated with the 
presence of endoscopic mucosal lesions in UC
We first carried out whole-blood microarray transcriptional analysis 
of 25 UC patients with endoscopically active disease [n  =  17] or 
in remission [n = 8] [Table 1, Group 1] and 20 non-IBD controls. 
This analysis revealed a set of 122 genes [80% upregulated] whose 
expression significantly changed in the peripheral blood of UC 
patients with endoscopic lesions compared with those in remission 
and non-IBD controls [Figure  1A, B; and Supplementary Table  2, 
available as Supplementary data at ECCO-JCC online]. The changes 
in blood gene expression associated with disease activity were mod-
est. Only 15 of the identified 122 genes showed a greater than 2-fold 
change compared with non-IBD individuals and UC patients in 
endoscopic remission. A sizeable proportion of the identified genes 
are related to neutrophils: CD177,27 haptoglobin [HP],28 G-protein 
coupled receptor 84 [GPR84],29 hexokinase 3 [HK3],30,31 arginase 

1 [ARG1],32 annexin A3 [ANXA3],33,34 and S100 calcium binding 
protein A12 [S100A12].35

In order to validate these findings, we performed RT-PCR for a 
selected set of 23 genes [Supplementary Tables 1 and 2] in an inde-
pendent group of UC patients [Table 1, Group 2]. We confirmed eight 
genes that are significantly altered in endoscopically active [n = 86] 
compared with non-active [n  =  25] UC patients [Figure  1B, C;  
Supplementary Table 3, available as Supplementary data at ECCO-
JCC online].

3.2. Transcriptional changes in blood correlate with 
the degree of endoscopic disease activity
Next, we assessed whether whole-blood transcription could discrimi-
nate UC patients based on the degree of endoscopic disease severity 
[Table 1, Group 2]. We hypothesised that changes in a systemic bio-
marker [such as a transcript in blood] may be influenced by both sever-
ity and extension of the disease [inflammatory burden]. In order to 
test our hypothesis, two approaches were undertaken. First, we deter-
mined the correlation between gene expression and the endoscopic 
Mayo score; second, we assessed the correlation between gene expres-
sion and the MS [Modified Score; as a surrogate measure of inflam-
matory burden, see Materials and Methods]. The endoscopic Mayo 
score and the MS were highly correlated [Spearman’s rank correlation 
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Figure 1. Whole-blood transcriptional profile associated with the presence of endoscopic mucosal lesions in UC. [A] Heatmap representation of differentially 
expressed genes in peripheral blood from UC and non-IBD controls according to microarray analysis [Table 1, Group 1]. A total of 122 differentially expressed genes 
in active UC patients [endoscopic Mayo score ≥ 1] compared with non-IBD controls and UC patients in remission [endoscopic Mayo score = 0] are represented and 
the 15 genes with a fold-change above 2 are highlighted. Up-regulated genes are shown in red and down-regulated genes are shown in green. Each row shows 
one individual gene and each column an experimental sample. Unsupervised hierarchical cluster method using Pearson distance and average linkage method was 
applied for gene and sample classification. Samples from non-IBD controls [shown in skyblue, n = 20], remission UC patients [shown in gold, n = 8], and active 
UC patients [shown in indianred, n = 18] are shown. [B] Bar plot representation [mean ± MSE] of microarray data for the eight genes that have been validated by 
RT-PCR [Table 1, Group 1]. Samples from non-IBD controls [shown in skyblue, n = 20], remission UC patients [shown in gold, n = 8], and active UC patients [shown in 
indianred, n = 18] are shown. [C] Bar plot representations [mean ± MSE] of the eight genes validated by RT-PCR in peripheral blood from UC patients [Table 1, Group 
2]. Samples from remission UC patients [shown in gold, n = 25] and active UC patients [shown in indianred, n = 86] are shown; *P < 0.05, **P < 0.01 by pairwise 
Wilcoxon test. UC, ulcerative colitis; IBD, inflammatory bowel disease; MSE, mean squared error; RT-PCR, real-time polymerase chain reaction.
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Figure 2. Association between blood transcripts and serological biomarkers with the degree of endoscopic inflammation. [A] Representations of probability 
density function of Modified Score [MS] for each endoscopic Mayo score. Density function of UC patients from Group 2 [Table 1] with endoscopic Mayo score 
equals 0 [n = 25, shown in gold], patients with endoscopic Mayo score = 1 [n = 22; shown in skyblue], patients with endoscopic Mayo score = 2 [n = 19; shown 
in seagreen], and patients with endoscopic Mayo score = 3 [n = 29; shown in darkblue] are shown. [B] Bar plot representation [mean ± MSE] of HP, CD177, 
GPR84, and S100A12 gene expression from RT-PCR analysis. Patients are categorised by endoscopic Mayo score; patients with endoscopic Mayo score = 0 [n = 
25, shown in gold], patients with endoscopic Mayo score = 1 [n = 24; shown in skyblue], patients with endoscopic Mayo score = 2 [n = 21; shown in seagreen], 
and patients with endoscopic Mayo score = 3 [n = 41] shown in darkblue] are shown. Additionally, the data point of each observation is represented in the 
plot; *p < 0.05, **p < 0.01 by pairwise Wilcoxon test. The Spearman’s rho and p-value are also shown. [C] Correlation between MS and gene expression of HP, 
CD177, GPR84, and S100A12 [RT-PCR data]. The linear regression model and Spearman’s rho and p-value are shown. [D] Bar plot representation [mean ± MSE] 
of CRP, ESR, and platelet count by endoscopic Mayo score [same observations as panel B]; *p < 0.05, **p < 0.01 by pairwise Wilcoxon test. The Spearman’s rho 
and p-value are also shown. [E] Correlation between MS and CRP, ESR, and platelet count [same observations as panel C]. The linear regression model and 
Spearman’s rho and p-value are shown. UC, ulcerative colitis; MSE, mean squared error; RT-PCR, real-time polymerase chain reaction; CRP, C-reactive protein; 
ESR, erythrocyte sedimentation rate.
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test, p < 0.05; rho = 0.9], but MS better reflected the accumulated 
inflammation along the colon [Figure 2A]. The higher the endoscopic 
Mayo score, the more flattened was the MS density function due to 
an increased range of disease extension. Examining the association of 
gene expression with the endoscopic disease activity, we identified 20 
genes that significantly correlated with the endoscopic Mayo score 
and 18 genes that significantly correlated with MS [Spearman’s rank 
correlation test, p < 0.05; rho > 0.2] [Table 3]. A total of 16 genes were 
common, with HP, CD177, and GPR84 being those with the strongest 
relationship in both cases [Figure 2B, C]. Also significant was the rela-
tionship with the inflammation-related molecule S100A12. Moreover, 
pairwise analysis of the interrogated genes revealed HP, CD177, and 
GPR84 as the only ones significantly regulated in patients with an 
endoscopic Mayo score of 2 compared with 0 [Table 3 and Figure 2B]. 
None of the genes was able to detect changes between patients with an 
endoscopic Mayo score of 1 compared with 0.

Furthermore, the association between routinely used blood bio-
markers [CRP, ESR, and platelet counts] and endoscopic disease 
activity was explored [Supplementary Table  3 and Figure  2D, E]. 
Although significant correlations of the biomarkers with disease 
severity were observed, pairwise analysis revealed significant changes 
when comparing mild, moderate, or severe activity with inactive UC 
only for CRP [elevated exclusively in severe disease]. Additionally, 
given the neutrophil-related signature we had identified, we explored 
the potential relationship between neutrophil counts and endoscopic 
disease activity and found no significant associations [Supplementary 

Table  3 and Supplementary Figure  1, available as Supplementary 
data at ECCO-JCC online].

3.3. Haptoglobin [HP] is the best transcript for 
predicting mucosal lesions in UC patients
Within the subset of genes whose expression best correlates with 
endoscopic disease severity, we found HP as the best gene to pre-
dict the presence of active mucosal lesions in UC patients. The logis-
tic regression model for endoscopic activity prediction [endoscopic 
Mayo score: 0 versus ≥ 1] was assessed. The fitted model demon-
strated a significant effect of HP [p < 0.001], with an odds ratio [OR] 
of 1.9 (95% confidence interval [CI]: 1.35–2.78) and an AUC = 0.75 
[95% CI: 0.64–0.85]. Defining a cut-off of -2.9 DCt, the sensitiv-
ity and specificity were 63.5% and 80.0%, respectively [Table 4 and 
Figure 3─red line]. To evaluate the reproducibility of the model, a 
10-fold cross-validation was done, obtaining an AUC = 0.70 [95% 
CI: 0.59–0.82] [Figure 3─darkblue dashed line]. Given that no sig-
nificant differences were found in the transcription of HP in blood 
between patients with an endoscopic Mayo score of 0 and 1, the 
power of HP to predict moderate to severe inflammation [endo-
scopic Mayo score of 2 or 3] compared with no or mild inflammation 
[endoscopic Mayo score of 0 or 1] was explored. The fitted model 
similarly revealed a significant effect of HP [p < 0.001], with an odds 
ratio [OR] of 1.8 [95% CI: 1.36–2.50] and an AUC = 0.73 [95% 
CI: 0.63–0.82]. Defining a cut-off of -2.5 DCt, the sensitivity and 

Table 3. List of genes assessed by RT-PCR in UC patients [Table 1, Group 2]. For each target gene, comparisons between inactive [endo-
scopic Mayo score = 0; n = 25] and active [endoscopic Mayo score ≥ 1; n = 86] UC patients using the Wilcoxon test, the correlation of the 
transcriptional profile and the endoscopic activity [endoscopic Mayo score and MS] using the Spearman rank correlation coefficient, and 
the pairwise analysis of endoscopic Mayo score using an adjusted Wilcoxon test for multiple comparisons was carried out. The p-value or 
Benjamini-Hochberg adjusted p-value [FDR] and the mean fold-change [Fch] are shown for each comparison. The p-value and rho value are 
shown for the Spearman correlation.

Wilcoxon Spearman correlation Pairwise analysis Spearman 
correlation

Active vs inactive Endoscopic Mayo score Score 1 vs 0 Score 2 vs 0 Score 3 vs 0 MS

Gene p-Value Fch P-value rho FDR Fch FDR Fch FDR Fch p-Value rho
HP 0.000 2.656 0.000 0.471 0.105 1.633 0.026 1.894 0.000 4.246 0.000 0.465
CD177 0.001 5.825 0.000 0.370 0.120 3.000 0.043 4.091 0.001 10.294 0.001 0.338
GPR84 0.001 1.973 0.000 0.393 0.119 1.276 0.025 1.507 0.002 2.925 0.000 0.362
CST7 0.005 1.518 0.001 0.321 0.199 1.249 0.192 1.280 0.007 1.842 0.002 0.319
S100A12 0.017 1.877 0.001 0.309 0.423 1.250 0.101 1.724 0.026 2.493 0.022 0.243
ARG1 0.036 1.507 0.001 0.302 0.796 1.155 0.366 1.219 0.016 1.963 0.124 0.160
ANXA3 0.037 1.811 0.001 0.336 0.533 1.263 0.210 1.482 0.029 2.582 0.005 0.318
ANKRD22 0.048 1.637 0.005 0.280 0.980 1.032 0.108 1.526 0.088 2.108 0.041 0.221
ZDHHC19 0.050 1.879 0.002 0.293 0.627 1.183 0.520 1.305 0.035 2.918 0.019 0.244
HK3 0.054 1.289 0.001 0.313 0.929 1.042 0.537 1.125 0.017 1.564 0.016 0.247
GALNT14 0.057 1.589 0.000 0.360 0.939 1.063 0.630 1.214 0.006 2.278 0.009 0.276
CARD16 0.075 1.180 0.001 0.315 0.976 -1.033 0.581 1.087 0.017 1.383 0.005 0.285
CASP5 0.081 1.263 0.050 0.187 0.440 1.205 0.440 1.194 0.440 1.338 0.033 0.220
AIM2 0.105 1.274 0.002 0.318 0.948 -1.147 0.659 1.116 0.027 1.651 0.015 0.271
TLR5 0.144 1.314 0.007 0.255 0.806 -1.001 0.533 1.248 0.082 1.573 0.039 0.213
MMP9 0.147 1.448 0.008 0.252 0.759 1.053 0.421 1.182 0.116 1.927 0.042 0.209
CA4 0.161 1.261 0.028 0.209 0.874 1.113 0.874 1.054 0.224 1.487 0.322 0.103
C1QB 0.254 1.214 0.263 0.108 0.814 1.048 0.586 1.349 0.586 1.254 0.028 0.227
CLEC4D 0.364 1.224 0.001 0.299 0.126 -1.244 0.358 1.163 0.046 1.606 0.019 0.240
FBXO6 0.456 1.135 0.032 0.203 0.831 -1.022 0.831 -1.035 0.157 1.343 0.051 0.201
SLC26A8 0.465 1.168 0.011 0.241 0.327 -1.236 0.948 1.050 0.095 1.530 0.035 0.216
TDRD9 0.659 1.238 0.030 0.206 0.623 -1.064 0.329 -1.081 0.088 1.690 0.268 0.115
CD274 0.964 1.109 0.248 0.114 0.503 -1.236 0.919 1.086 0.594 1.318 0.147 0.154

UC, ulcerative colitis; RT-PCR, real-time polymerase chain reaction; MS, Modified Score.
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specificity were 60.7% and 81.6%, respectively [Table 4 and Figure 
3─green line]. The 10-fold cross-validation showed an AUC = 0.71 
[95% CI: 0.61–0.80] [Figure 3─skyblue dashed line]. Both approxi-
mations gave similar results, showing HP to have fair discrimination 
ability in predicting mucosal lesions in UC patients.

Moreover, serological protein levels of HP were measured for 
the majority of patients [n  =  98] from Group  2 [Table  1] and a 

significant correlation with endoscopic disease activity and a fair 
predictive accuracy were observed [Table 4; Supplementary Figure 2, 
available as Supplementary data at ECCO-JCC online].

Although the diagnostic accuracy of HP is superior to that obtained 
from the widely used clinical biomarkers for IBD activity [CRP, ESR, 
and platelet count] and serological HP, no significant differences were 
found between ROC curves [DeLong’s test p-value > 0.05] [Table 4].

3.4. Changes in blood transcriptional biomarkers 
correlate with response to anti-TNFα therapy
Finally, the ability of the identified transcriptional biomarkers [HP, 
CD177, GPR84, and S100A12] to evaluate changes in endoscopic 
activity in response to biological therapy was assessed. A cohort of UC 
patients with active disease starting anti-TNFα treatment [n = 16] were 
followed up over 14 weeks. Table 2 reports the clinical and endoscopic 
parameters at Weeks 0 and 14. Despite the fact that only four patients 
achieved an endoscopic Mayo score ≤ 1 at Week 14, a decrease in the 
global severity or extension of the endoscopic lesions was observed 
in the majority of cases. By reporting the MS, we identify a reduc-
tion of MS of at least 1 point in 10 cases, no changes in four, and 
worsening in two [Figure 4A]. In contrast, only five cases showed an 
endoscopic response based on the endoscopic Mayo score [reduction 
in endoscopic Mayo score of at least 1 point] and no changes were 
detected in the remaining cases. Furthermore, a better concordance 
is observed between the response based on the Global Mayo score 
and MS compared with the endoscopic Mayo score [Supplementary 
Figure 3, available as Supplementary data at ECCO-JCC online]. This 
highlights the importance of reporting both disease extension and 
activity to accurately reflect changes in disease activity over time.

Importantly, we found that a decrease in the expression of HP, 
CD177, GPR84, and S100A12 was associated with a reduction in 
the MS. As shown in Figure 4B, the changes observed in the tran-
scription of those genes permitted differentiation between those 
patients who, based on MS, endoscopically improved [blue dots] 
and those who worsened or did not change [red dots]. Interestingly, 
in two patients [black arrows], expression of the transcriptional 
biomarkers decreased at Week 14 despite no improvement in their 
MS. Although in both patients an improvement in the severity of the 
disease [a marked decrease in the number of ulcers] was reported, 
the ulcers persisted in all involved segments and therefore no change 
in the endoscopic score [endoscopic Mayo score of 3, or MS of 15 
and 9] was noted. The behaviour of serological markers as well as 

Table 4. Diagnostic accuracy of haptoglobin gene expression and serological CRP, ESR, platelet counts, and HP protein for the detection 
of endoscopically active disease in ulcerative colitis. For each variable, the AUC is given and the sensitivity [Se], specificity [Sp], positive 
predictive value [PPV], negative predictive value [NPV], and accuracy were calculated and are shown as percentages based on the defined 
cut-off points. The CRP [normally < 1 mg/dL], ESR [normally < 20 mm/h], and platelet count [normally < 400· 10^9/L] cut-offs were defined 
according to the normal levels.

Biomarker AUC Cut-off Se Sp PPV NPV Accuracy

HP transcript [DCt] 0.75 -2.9 DCta 63.5 80.0 91.5 39.2 67.3
HP transcript [DCt] 0.73 -2.5 DCtb 60.7 81.6 80.4 62.5 70.0
CRP [mg/dL] 0.72 1 mg/dL 43.2 83.3 89.7 30.3 52.4
ESR [mm/h] 0.60 20 mm/h 34.5 86.7 90.9 25.5 45.2
Platelet count [10^9/L] 0.66 400·10^9/L 12.7 100 100 22.5 30.3
HP protein[g/L] 0.70 1.32 g/La 48.7 90.9 94.9 33.9 58.2

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AUC, area under the curve.
aCut-off point resulted from the regression model with binary response defined as inactive [Endoscopic Mayo score 0] versus active [Endoscopic Mayo score 

1–3].
bCut-off point resulted from the regression model with binary response defined as inactive [Endoscopic Mayo score 0–1] versus active [Endoscopic Mayo 

score 2–3].
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serum HP protein before and after treatment was also evaluated and 
showed no significant association with the mucosal changes with the 
exception of CRP [Table 2 and Figure 4C].

4. Discussion

The importance of monitoring local inflammatory activity in IBD 
is becoming increasingly clear. There can, however, be discrepancies 
between clinical symptoms and the severity of mucosal lesions. In 
this context, clinical trials relying on clinical scores to assess activity 
at inclusion or efficacy as an endpoint, may result in high placebo 
response rates, as well as unreliable un-reproducible results.

Blood transcriptional signatures have been explored in infec-
tious and autoimmune systemic diseases and cancer.36–39 The use of 
whole-blood transcriptional analysis to detect disease activity none-
theless remains a largely unexplored tool in IBD. Compared with the 
dramatic transcriptional changes observed in the intestinal mucosa 

of patients with active inflammation, the degree of transcriptional 
regulation in blood, even in patients with severe disease, is remark-
ably low. This is not entirely unexpected, given that circulating cells 
may only partially reflect changes in the mucosa of UC patients. 
Nonetheless, using sensitive RT-PCR analysis, we can predict endo-
scopic mucosal lesions in patients with UC.

Our data reveal the important contribution of neutrophils to the 
systemic inflammatory response in UC patients. We show that expres-
sions of neutrophil-related genes [including CD177, HP, S100A12, 
ARG1, and ANXA3], rather than total neutrophil numbers, are surro-
gate markers of endoscopic activity. Remarkably, an increase in serum 
and faecal concentrations of S100A12 protein had been previously 
shown to correlate with disease activity in IBD patients.35,40 In contrast, 
the increased levels of serum calprotectin [S100A8/A9], described as 
a new diagnostic and prognostic marker in IBD,41 were not observed 
here at a transcriptional level. Similarly, the neutrophil gelatinase 
B-associated lipocalin [LCN2] and the matrix metalloproteinase-9 
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[MMP9] complex have been proposed as surrogate serum markers for 
assessing mucosal healing in UC,42 but were not transcriptionally reg-
ulated in blood from our patient cohort. Along the same lines, whereas 
we identified HP transcript as a sensitive predictor of mucosal lesions 
and therapy response, changes in serum HP are not sensitive to such 
alterations. HP protein is primarily synthesised by hepatocytes43 but it 
has also been described as a specific granule protein of neutrophils,28 
which could explain the transcript detection at the blood level and the 
moderate correlation between transcript and protein measurements 
[r = 0.40]. Altogether, this suggests that although changes in serum 
proteins due to disease activity can originate in other tissues [eg liver, 
intestine], transcription consistently reflects changes in the activa-
tion and abundance of cells present in the peripheral compartment. 
Therefore, blood transcription and serum protein concentrations may 
not necessarily reflect the same biological processes.

Besides secreted or granule-associated proteins, we also identi-
fied the cell membrane proteins CD177 and GPR84 as predictors of 
endoscopic lesions. CD177 is a neutrophil-specific GPI-anchored gly-
coprotein normally expressed on a subpopulation of neutrophils.44 
Although there are controversial results, the preferential recruit-
ment of CD177+ neutrophils towards inflamed tissues has been 
suggested,45 and the increased protein and transcripts for CD177 
have been described in bacterial infections, polycythaemia vera, and 
ANCA-associated vasculitis as well as in response to G-CSF stimula-
tion.27,46 Interestingly, elevated expression of both CD177 and HP 
genes in whole blood has been closely associated with ipilimumab-
induced colitis in advanced melanoma patients, also suggesting 
that neutrophils potentially play a broader role in immune-related 
colonic disorders.47

GPR84, mainly expressed by leukocytes, is a G protein-coupled 
receptor that has been described as a putative receptor for medium-
chain fatty acids [MCFAs] which elicits neutrophil and macrophage 
chemotaxis.29 The efficacy of inhibiting GPR84 has been studied in 
a mouse chronic colitis model and in human UC patients [clinical 
trial: NCT02337608]. Although a diminution of colonic lesions and 
a reduction in neutrophil infiltrate was observed in mouse,48 results 
in human showed safety and tolerance but the study did not meet the 
efficacy endpoints.49 Nevertheless, our data points to the potential 
use of this gene as a biomarker of disease activity.

Taken together, we provide insights on new and promising 
minimally invasive biomarkers capable of predicting endoscopic 
mucosal lesions in patients with UC. We realise that the lack of 
faecal calprotectin [FC] represents the major drawback of our 
study, as FC has demonstrated to be the best biomarker of endo-
scopic activity.15 Despite considerable efforts to collect this bio-
marker in our study cohorts, there remained a large number of 
missing values, rendering it impossible to include this datum in 
the analysis and restricting our study to the use of other avail-
able biomarkers with poor correlation with endoscopic activity, 
like CRP, ESR, and platelet counts. The difficulties in FC sam-
pling were also pointed out in the first clinical study that used 
FC as a primary endpoint.50 Nonetheless, the results obtained by 
Sandborn et al.51 regarding the ability of FC to predict endoscopic 
remission are remarkably similar to the prediction power of HP 
in our study [Supplementary File 1, available as Supplementary 
data at ECCO-JCC online]. Whereas additional studies should be 
done, as the total number of patients with endoscopically inactive 
disease in our cohort is limited, we would like to stress that with 
potentially comparable predictive values, whole-blood biomarkers 
can offer practical advantages in clinical practice compared with 
faecal biomarkers.

Another limitation, as distinct inflammatory mechanisms have 
been suggested between early and late inflammatory bowel dis-
eases,52–54 could be the difference in disease duration between our 
active and inactive patients. However, no significant correlation 
between disease duration and expression of the selected transcrip-
tional biomarkers was found.

Importantly, our data reveal the sensitivity of the identified blood 
biomarkers to mirror changes in local inflammatory activity in UC 
patients following induction therapy. Although our results are prom-
ising, they are derived from a relatively small number of patients 
and restricted to anti-TNFα therapy. It will be necessary to validate 
the usefulness of the identified biomarkers in predicting response to 
drugs with mechanisms of action that differ from those of TNFα 
blockade. Interestingly, whole-blood CD177, HP, and GPR84 tran-
scripts were found at higher levels in corticosteroid-resistant children 
with severe UC compared with corticosteroid-responsive children,14 
suggesting these are also sensitive to the effect of corticosteroids.

In summary, our study has the merit of assessing in a multicen-
tric cohort the usefulness of transcriptional blood analysis to pre-
dict endoscopic disease activity. By starting with a whole-genome 
approach, we were able to identify transcripts with the potential to 
change based on the presence of endoscopic lesions. Importantly, we 
validated a subset of genes in a large group of patients with a wide 
range of endoscopic activity and disease extent. More importantly, 
the transcriptional blood biomarkers were tested for responsiveness 
in a prospective cohort and proved to be sensitive to changes in 
endoscopic disease activity.
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