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Abstract
AIM: To compare the number of regulatory T-cells 
(Tregs) measured by flow cytometry with those 
obtained using a real-time quantitative PCR (qPCR) 
method in patients suffering from inflammatory bowel 
disease (IBD).

METHODS: Tregs percentages obtained by both flow 
cytometry and qPCR methods in 35 adult IBD patients, 
18 out of them with Crohn´s disease (CD) and 17 with 
ulcerative colitis (UC) were compared to each other as 
well as to scores on two IBD activity questionnaires 
using the Harvey Bradshaw Index (HBI) for CD patients 
and the Simple Colitis Clinical Activity Index (SCCAI) for 
UC patients. The Treg percentages by flow cytometry 
were defined as CD4+CD25highCD127lowFOXP3+ cells in 
peripheral blood mononuclear cells, whereas the Treg 
percentages by qPCR method were determined as 
FOXP3 promoter demethylation in genomic DNA.

RESULTS: We found an average of 1.56% ± 0.78% 
Tregs by using flow cytometry, compared to 1.07% 
± 0.53% Tregs by using qPCR in adult IBD patients. 
There were no significant correlations between either 
the percentages of Tregs measured by flow cytometry 
or qPCR and the HBI or SCCAI questionnaire scores in 
CD or UC patients, respectively. In addition, there was 
no correlation between Treg percentages measured 
by qPCR and those measured by flow cytometry (r  = 
-0.06, P  = 0.73; Spearman Rho). These data suggest 
that, either Treg-related immune function or the 
clinical scores in these IBD patients did not accurately 
reflect actual disease activity. Until the cause(s) for 
these differences are more clearly defined, the results 
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suggest caution in interpreting studies of Tregs in 
various inflammatory disorders.

CONCLUSION: The two methods did not produce 
equivalent measures of the percentage of total Tregs 
in the IBD patients studied which is consistent with 
the conclusion that Tregs subtypes are not equally 
detected by these two assays.
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Core tip: In our study neither regulatory T-cells (Tregs) 
percentages measured by flow cytometry defined as 
CD4+CD25highCD127lowFOXP3+ cells in peripheral blood 
mononuclear cells or by real-time PCR measured as 
forkhead box P3 promoter demethylation in genomic 
DNA correlated with self-reported inflammatory 
bowel disease activity. This suggests that either Treg-
related immune function or the clinical scores did not 
accurately reflect actual disease activity. We conclude 
that natural and induced Tregs are not equally 
detected by the assays applied.
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INTRODUCTION
The immune system has been postulated to be 
involved in the pathogenesis of inflammatory bowel 
disease (IBD). Either IBD associated immune dys­
function leads to excessive responses to normal 
intestinal microflora or changes in the intestinal 
microflora or epithelial barrier function somehow lead 
to exaggerated or abnormal reactions by the mucosal 
immune system[1]. Regardless of whether immune 
changes are the cause of or the result of IBD, the 
percentage of regulatory T-cells (Tregs) has been used 
as a marker of immune function in IBD patients[2] and 
some authors have suggested that Treg imbalances 
correlate with IBD activity[3].

Expression of the forkhead box P3 (FOXP3) gene 
has been claimed to be a specific marker of Tregs[4] 
and a number of both research and commercial 
FOXP3 based methods have been used to assess Treg 
percentages in whole blood. However, contrary to what 
has been reported to be true in murine models[5] and 
in human cord blood[6] a number of Treg subtypes 

have been identified in human whole blood[7,8]. The 
two main subpopulations in humans seem to be 
thymus-derived natural Tregs (nTregs) and peripherally 
generated induced Tregs (iTregs). While many different 
biomarkers have been proposed to differentiate 
between nTregs and iTregs[9] these assays vary in their 
ability to correctly identify these two subpopulations[10]. 
To our knowledge Treg percentages measured by 
different methods in the same IBD patients have not 
been adequately assessed.

The purpose of the studies reported here was to 
compare the Treg percentages measured by flow 
cytometry to those obtained with a methylation sen­
sitive, real-time PCR method specific for detection of 
the Treg-specific demethylated region (TSDR) in the 
same adult IBD patients and to compare the results of 
both methods to self-reported IBD activity assessed by 
approved questionnaires.

MATERIALS AND METHODS
This work was part of a larger study approved by the 
institutional review board and designed to evaluate 
whether a number of laboratory measures of immune 
function could be used as surrogate markers of disease 
activity in adults with either Crohn´s disease (CD) or 
ulcerative colitis (UC). Written informed consent was 
obtained from all patients before enrolment[11]. Treg 
percentages obtained by both flow cytometry and 
quantitative PCR (qPCR) in 35 adult IBD patients (18 
with CD and 17 with UC) were compared to each other 
as well as to results of two IBD self-assessing activity 
questionnaires according to the Harvey Bradshaw 
Index (HBI) for CD patients and the Simple Colitis 
Clinical Activity Index (SCCAI) for UC patients. Patients 
were not preselected by their disease activity.

Flow cytometry analysis was performed as des­
cribed previously[12]. The Treg percentages were 
defined as CD4+CD25highCD127lowFOXP3+ cells. Briefly, 
peripheral blood mononuclear cells (PBMCs) were 
isolated by density-gradient centrifugation using the 
Lymphoprep®-protocol (Axis-Shield; Oslo, Norway) 
and stored at -80 ℃ in 10% (v/v) dimethylsulfoxide 
and 90% (v/v) bovine serum albumin until analysis. 
In order to control the pre-analytical steps, it was 
verified that the freezing and thawing of PBMCs did 
not affect the flow cytometry results in comparison 
to fresh samples. PBMCs were incubated with 20 μL 
anti-human CD4-FITC (Catalogue number # 555346, 
all conjugates used by Becton Dickinson Pharmingen, 
Heidelberg, Germany), 5 μL anti-human CD25-PE-
Cy7 (# 560920) and 20 μL anti-human CD127-Alexa 
Fluor 647 (# 558558). After cell fixation and membrane 
permeabilization according to the manufactureŕ s protocol, 
20 μL FOXP3-PE (clone 259D/C7) and corresponding 
mouse isotype control antibodies were added. The 
quantification of regulatory T cells was done using an 
8-color flow cytometer (FACS Canto Ⅱ, Becton Dickinson; 
Germany). CD4+CD25highCD127low T-cells were gated out 
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Table 1  Regulatory T-cells percentages obtained by both flow cytometry and real-time PCR methods in 35 patients with 
inflammatory bowel disease

of the lymphocyte region (forward/sideward scatter). 
From these, the intersection between CD4+CD25high 
and CD25highCD127low gates was formed followed by 
the identification of Treg cells according to their level 
of FOXP3 expression. Data were analyzed with BD 
FACS Diva software (Becton Dickinson) to identify the 
percentage of CD4+CD25highCD127lowFOXP3+ cells.

As a second method of assessing the Treg percentage 
the FOXP3 promoter demethylation signature was 
determined using methylation-sensitive real-time 
PCR as previously described[6,13,14] and adapted in our 
laboratory[15]. Briefly, genomic DNA was isolated by 
NucleoSpin® columns (Macherey-Nagel; Düren, Germany) 
and treated with bisulfite for conversion of unmethylated 
cytosine into uracil (EZ DNA Methylation GoldTM, Zymo 
Research, Irvine, California). After quantification in 
triplicates of methylated and unmethylated FOXP3-specific 
PCR products by use of real-time PCR and methylation-
specific primers on a LightCycler® 480 (Roche Diagnostics; 
Mannheim, Germany), the FOXP3 demethylation status 
was calculated as a ratio. Due to X-chromosomal 
inactivation of the FOXP3 gene the results for female 

patients were corrected by a factor of two.

RESULTS
We found an average of 1.56% Tregs (SD: 0.78%) by 
using flow cytometry, compared to 1.07% Tregs (SD: 
0.53%) by using qPCR in these adult IBD patients (Table 
1). There were no statistically significant correlations 
between either the flow cytometry or qPCR measured 
percentages of Tregs and the HBI or SCCAI questionnaire 
scores in CD or UC patients, respectively. There were 
no significant differences between these correlations for 
either male vs female patients, the presence or absence 
of remission, or the drug therapies currently used (Table 
1). In addition, there was no significant correlation 
between Treg percentages measured by qPCR and those 
measured with the flow cytometry (r = -0.06, p = 0.73; 
Spearman Rho); (Figure 1).

DISCUSSION
These data suggest that, at least in this small cohort of 
IBD patients, either Treg-related immune function or the 
clinical scores did not accurately reflect actual disease 
activity. It is possible that either a different scoring 
system or measurement of tissue e.g., from intestine 
biopsies rather than circulating Treg percentages 
would have been more predictive[3,16-18]. Interestingly, 
in a small study that included septic patients a weak 
correlation between flow cytometry and demethylation 
PCR methods could be demonstrated[19]. However, the 
lack of correlation between the two measures of Treg 
percentages is consistent with studies that suggest that 
FOXP3 activity is not confined to CD4+CD25highCD127low 
cells and can be expressed in non-Treg cells[18,20]. This 
is also consistent with reports that the flow cytometry 
methods that have been previously used to identify 
Tregs are incapable of separating induced from 
natural Tregs[17]. More recently Neuropilin 1 (Nrp1) 
expression has been proposed as a method capable of 
distinguishing between nTregs and iTregs[21]. Measuring 
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Subjects n Age (yr) Flow cytometry (%) qPCR (%) r P  value

Average ± SD Average ± SD Average ± SD
Patients with Crohn´s disease 18   38 ± 10 1.62 ± 0.62 1.05 ± 0.56 -0.10 0.68
   Female 10   39 ± 11 1.44 ± 0.66 1.00 ± 0.70 -0.18 0.61
   Male   8 37 ± 9 1.83 ± 0.53 1.12 ± 0.35 -0.30 0.47
Patients with ulcerative colitis 17   43 ± 17 1.50 ± 0.93 1.10 ± 0.52 -0.05 0.85
   Female   8   45 ± 14 1.39 ± 0.63 0.99 ± 0.45 -0.06 0.89
   Male   9   41 ± 20 1.60 ± 1.17 1.19 ± 0.58 -0.03 0.93
Current drug therapy
   Infliximab   4   46 ± 11 1.65 ± 0.97 0.98 ± 0.34  0.20 0.80
   Azathiaprine 14   41 ± 18 1.57 ± 0.81 1.07 ± 0.60 -0.21 0.48
   Systemic corticosteroids   9   39 ± 12 1.73 ± 0.98 0.91 ± 0.40 -0.06 0.88

Data stratification: patients with Crohn´s disease and ulcerative colitis, as well as applied drug therapy. Correlation coefficients (r) and respective P values 
were calculated according to Spearman Rho.
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Figure 1  Lack of correlation between the percentages of regulatory T-cells 
measured by flow cytometry and qPCR in 35 patients with inflammatory 
bowel disease (r = -0.06, p = 0.73; Spearman Rho). CD: Crohn´s disease; 
UC: ulcerative colitis.
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demethylation status at the FOXP3 locus using TSDR 
may also aid in the differentiation of Treg subtypes 
due to the different degree of methylation in nTregs 
and iTregs[10]. Thus TSDR demethylation assays would 
be expected to identify primarily nTregs which would 
explain why the two assays found different percentages 
of Tregs in these IBD patients. Differences can also be 
caused by analytical interference from drug therapy. 
For example basiliximab has been shown to interfere 
with the detection of CD25 in flow cytometry assays[22]. 
However, for tumour necrosis factor alpha antibodies 
like infliximab are unlikely to interfere due to their 
different mode of action.

In the present preliminary study a cohort selection 
effect might be a limiting factor. In addition to self-
assessment scores the disease activity could be 
assessed using other methods including endoscopy 
and/or by more objective, cheaper and conventional 
biochemical markers for inflammation such as fecal 
calprotectin, C-reactive protein in serum, platelets, 
leukocytosis, IL-6, etc. Determination of Treg 
populations in peripheral blood would be an expensive 
routine measure of disease activity. Finally, Treg 
proportions in the blood may not really represent Treg 

proportions in the lamina propria. The determination of 
Treg subtypes in the inflamed mucosa might have more 
pathogenic relevance.

Until the cause(s) for these differences are more 
clearly defined, the results suggest caution in interpreting 
studies of Tregs in various inflammatory disorders.

In conclusion, in this study neither Treg percentages 
in whole blood measured by flow cytometry or qPCR 
correlated with self-reported disease activity. This 
suggests that either Treg-related immune function 
or the clinical scores did not accurately reflect actual 
disease activity. Additionally, the flow cytometry and 
qPCR methods did not produce equivalent measures 
of the percentage of Tregs in these 35 adult IBD 
patients which is consistent with the conclusion that 
Tregs subtypes are not equally detected by these two 
assays.
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