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ABSTRACT: Background: Crohn’s disease (CD) is a chronic inflammatory disorder resulting from the interaction
between genetic susceptibility, environmental factors, intestinal microbiota, and dysregulated immune responses.
Despite major advances, the precise mechanisms underlying disease development remain incompletely understood.
This study aimed to evaluate the proportions of Th17 and regulatory T (Treg) cells, as well as serum cytokine levels, in
the peripheral blood of patients with CD. Methods: We enrolled 46 patients with active CD (median age: 31.5 years)
and 30 healthy subjects (median age: 30.0 years). Th17 and Treg cell populations were analyzed by flow cytometry,
while serum concentrations of TNF-o, IL-1B, IL-6, IL-8, and IL-10 were measured using a chemiluminescent
immunoassay. Results: Our results showed a significantly higher proportion of Th17 cells (3.62 £ 1.65% vs. 1.83
+ 1.00%, p = 0.007) and a significantly lower proportion of Treg cells (1.03 & 0.96% vs. 2.59 + 2.04%, p < 0.001)
in CD patients compared with healthy controls. In addition, serum levels of TNF-co, IL-1P, IL-6, and IL-8 were
significantly increased in CD patients (p = 0.011, p = 0.012, p < 0.0001, p < 0.0001, respectively), whereas IL-10
levels did not differ significantly between the two groups (p > 0.05). Conclusion: The imbalance in the Th17/Treg
ratio and the elevated levels of inflammatory cytokines support the presence of an active inflammatory process
in CD. These findings suggest that such immunological alterations may represent potential biomarkers of disease
activity, although further validation in larger longitudinal studies, including mucosal investigations, is required.
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1 Introduction immunosuppressive drugs, such as corticosteroids and
. ) o thiopurines. In cases of inadequate response, an anti-
Crohn’s disease (CD) is a chronic inflammatory con- TNFo agent is introduced [3].

dition that, together with ulcerative colitis, is classified
among inflammatory bowel disease (IBD). Crohn’s dis-
ease was first described as regional ileitis by Crohn,
Ginzburg, and Oppenheimer in 1932 [1]. It affects
the intestinal mucosa in a discontinuous manner and
can involve any part of the digestive tract, from
the mouth to the anus. The main symptoms include
abdominal pain, fever, and altered bowel habits. The
disease may lead to complications such as fistulas,
stenosis, and abscesses. In addition to intestinal man-
ifestations, CD can also cause several extra-intestinal

Although the exact cause of CD is not fully under-
stood, several factors seem to contribute, including
the environment, genetics, intestinal microbiota, and
immune dysregulation of both the innate and adap-
tive immune systems [4]. The innate immune system,
which serves as the body’s first line of defense, may
be impaired in the intestinal mucosal barrier. These
defects can allow bacteria and other pathogens to pen-
etrate the intestinal lining, triggering an inflammatory
response. The adaptive immune system, responsible for

manifestations, including arthritis, skin disorders, ocu- antigen-specific immune responses, plays a crucial role
lar inflammation, and hepatobiliary diseases such in CD. An imbalance between different types of T
as primary sclerosing cholangitis. The disease is cells, particularly T helper 17 cells (Th17) and regu-
characterized by alternating periods of relapse and latory T cells (Treg), has been observed. Thl7 cells
remission [2]. Treatment is multidisciplinary, involv- promote inflammation, while Treg cells help regulate
ing medical interventions to reduce inflammation and and suppress immune responses. An exaggerated Th17

manage symptoms. This approach typically focuses on response, combined with insufficient Treg activity, can
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lead to the chronic inflammation characteristic of
CD [5,6].

Th17 cells, a subset of CD4* T cells, produce IL-
17A and have been implicated in both anti-infection
responses and inflammatory processes. Genome-wide
association studies support the role of Thl7 cells
in the development of CD by identifying multiple
genes associated with inflammatory bowel disease sus-
ceptibility and the differentiation of Thl7 cells [7].
While regulatory T cells modulate immune cell acti-
vation and proliferation, they also play a crucial role
in tolerance and anti-inflammatory responses [§]. In
Crohn’s disease, intestinal macrophages secrete 1L-12
and IL-18, promoting the gut immune response toward
a Thl phenotype and subsequent production of pro-
inflammatory cytokines, such as TNF-o, IL-1j, and
IL-6, which contribute to chronic intestinal inflamma-
tion [9]. Improved understanding of the mechanisms
regulating Thl and Th17-mediated inflammation may
contribute to the development of novel therapeu-
tic strategies.

This study aimed to assess the Th17/Treg balance
using FOXP3 and IL-17A as defining markers and to
investigate the profiles of pro-inflammatory cytokines
(TNF-a, IL-1B, 1L-6, and IL-8), as well as the anti-
inflammatory cytokine IL-10, in the peripheral blood
of patients with CD.

2 Methods

2.1 Patients and Healthy Donors

In our study, we recruited 46 patients with active
CD, from the department of Gastroenterology and
Hepatology at the University Hospital Center of Beni
Messous. The study cohort comprised patients aged 18
to 58 years, with a median age of 31.5 years, including
24 women and 22 men. Additionally, we enrolled 30
healthy subjects from the neighboring community and
with no history of inflammatory disorders, aged 20 to
58 years, with a median age of 30.0 years, including 17
women and 13 men.

All patients were adults and were in clinical relapse
at the time of blood sampling, as determined by clinical
assessments and blood tests. The diagnosis of CD was
established based on clinical presentations, supported
by laboratory, radiological, endoscopic, and histo-
logical examinations. The diagnosis was established
according to the ECCO-ESGAR guidelines for the
diagnostic assessment of IBD, which were updated in
2019 by the European Crohn’s and Colitis Organization
(ECCO) and the European Society of Gastrointestinal
and Abdominal Radiology (ESGAR).

For all subjects, the exclusion criteria included
ongoing gastrointestinal infections, a history of cancer,
pregnancy and breastfeeding, treatment with biological
agents within the three months prior to recruitment,
and psychiatric disorders. In addition, healthy controls
with ongoing autoimmune/inflammatory diseases were
excluded. Patient characteristics are listed in rable /.

The study was approved by the institutional ethics
committee of our hospital, The Ethics and Deontology
Commiittee of the University Hospital Center of Beni
Messous (Approval No. 19/CE[2025). All participants
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provided written informed consent for the potential
subsequent use of their samples in research.

2.2 Blood Sample Collection and Stimulation

Venous blood samples were collected from each subject
using standard phlebotomy techniques into two sep-
arate tubes. Following centrifugation, serum obtained
was carefully separated and stored at —80°C for sub-
sequent cytokine measurement. The heparinized blood
fraction was used for flow cytometric analysis of Th17
and Treg cell populations.

To assess the percentages of Th17 and Treg cells,
500 uL of peripheral blood was incubated with 2 uL of
a polyclonal activation mixture (Leukocyte Activation
Cocktail with BD GolgiPlug™, BD Biosciences, San
Jose, CA, USA, Cat. No0.550583), containing phorbol
12-myristate-13-acetate (PMA), ionomycin, and the
protein transport inhibitor Brefeldin A, according to
the manufacturer’s instructions. Following 5 h of stim-
ulation (37°C, 5% CQ,), 100 pL of the cell suspension
was transferred into a 5 mL BD Falcon tube, and cells
were washed twice with 1x Phosphate-buffered saline
(PBS; pH 7.4) prior to flow cytometry analysis.

2.3 Flow Cytometry Analysis

In brief, Th17 cells were defined as CD3*CD4"1L-17*
cells, and Treg cells as CD3"CD4+FoxP3" cells. For
their analysis, cells were first incubated with 10 uL/test
of FITC-conjugated anti-human CD3 (clone UCHT],
BD Biosciences, Cat. No. 555332), and 5 pL/test
PE-Cy7-conjugated anti-human CD8 (clone RPA-TS,
BD Biosciences, Cat. No. 557746) antibodies for
20 min at 4°C in the dark. CD8 staining was included
because PMA/ionomycin stimulation is known to
induce partial downregulation of CD4 surface expres-
sion, thereby facilitating the exclusion of CD8t T
cells and the accurate delineation of the CD4" T-cell
population during subsequent gating. Cells were resus-
pended in fixation and permeabilization solution
according to the manufacturer’s instructions. Follow-
ing fixation/permeabilization, cells were incubated for
40 min with the antibody cocktail from the Human
Th17/Treg Phenotyping Kit (BD Pharmingen™, San
Jose, CA, USA; Cat. No. 560762), which includes
PE-labelled anti-IL-17A (clone N49-653), PerCP-
Cy5.5-labelled anti-human CD4 (clone RPA-T4), and
APC-labelled anti-FoxP3 (clone 259D/C7) antibodies.
Th17 and Treg subsets were subsequently identi-
fied based on the expression of CD4, IL-17A, and
FoxP3 (table Al). Intracellular IL-17A staining after
PMA/ionomycin stimulation was used to assess the
inducible cytokine-producing capacity of Thl7 cells
rather than their spontaneous basal circulating activ-
ity. Although live/dead discrimination staining was not
incorporated into the present protocol, all samples were
processed under standardized conditions with rapid
acquisition to minimize potential viability-related arti-
facts and maintain data reliability.

Data acquisition was performed on a BD FACS
Lyric™ flow cytometer (BD Biosciences). Data were
analyzed using BD FACSuite™ clinical software
v1.2.1.5657 and FlowJo™ v10 (BD Biosciences), and



Table 1

Assessment of T helper 17 cells/regulatory T cells balance and serum cytokine levels in patients with Crohn’s disease

Demographic, clinical, and biological characteristics of the study population

Crohn’s disease patients (n = 46)

Healthy donors (n =30)  p-value

Age (years), median (IQR) 31.5(24.0-41.0) 30.0 (25.0-38.0) >0.05
Male, n (%) 22 (48%) 13 (43%)

>0.05
Female, n (%) 24 (52%) 17 (57%)
Disease duration (months), 8.5 (1-156) / /
median (IQR)
Disease location
Terminal ileum, n (%) 14 (30%)
Colon, n (%) 17 (37%) / /
Ileocolon, n (%) 15 (33%)
Drug treatment
Corticosteroids n (%) 16 (35%)
Thiopurines, n (%) 8 (17%) / /
No drug, n (%) 22 (48%)
CRP (mg/L), median (IQR) 18.05 (6.8-49.3) / /
ASCA
Positive 22 (48%) / /
Negative 24 (52%)
Electrophoresis
Acute/chronic
Inflammation, n (%) 39 (85%) / /
No inflammation, n (%) 7 (15%)
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Note: ASCA: Anti-Saccharomyces Cerevisiae Antibodies, CRP: C-reactive protein, IQR: Interquartile Range.

results were expressed as the percentage of positive cells
(figure Al).

2.4 Measurement of Cytokine Concentrations: TNF-a,
IL-1B, IL-6, IL-8 and IL-10

The measurement of selected cytokines (TNF-a, IL-
1B, IL-6, IL-8, and IL-10) was performed in serum
samples using chemiluminescent enzyme immunoas-
say (CLEIA) on the IMMULITE system (Siemens
Healthineers, Erlangen, Germany), according to the
manufacturer’s instructions.

The assay kits used were as follows: TNF-o (catalog
no. LKTAT1; Limit of detection (LOD) 4 pg/mL), IL-1B
(catalog no. L2KLI2; LOD 5 pg/mL), IL-6 (catalog no.
L2K6P2; LOD 2 pg/mL), IL-8 (catalog no. LK8P1;
LOD 4 pg/mL), and IL-10 (catalog no. L2K110; LOD
5 pg/mL). Values below the assay detection limit were
considered left-censored and were assigned a value
equal to one-half of the corresponding LOD (LOD/2)
for statistical analyses. All patient and control sam-
ples were analyzed as single measurements (singleton).
Cytokine concentrations were expressed in pg/mL.

2.5 Statistical Analysis

All data were analyzed using SPSS 26.0 (IBM
Corp., Armonk, NY, USA). Continuous variables are

presented as mean + standard deviation (SD). For vari-
ables showing substantial dispersion and/or a skewed
distribution, median and interquartile range (IQR)
were additionally reported to provide a more appropri-
ate description of data central tendency and variability.
Data with a normal distribution were analyzed using
the parametric Student’s z-test, while variables that
deviated from normality were analyzed using the non-
parametric Mann-Whitney U test. Correlation analysis
was performed using Spearman’s correlation. A p-value
of less than 0.05 was considered statistically significant.

3 Results

3.1 The Proportionof Thl7 Cellsin the Peripheral Blood
of CD Patients and Controls

Flow cytometry was performed to evaluate Th17 cells
in all subjects. The proportion of CD4+IL-17t Th17
cells was determined in active CD patients and healthy
controls. The analysis revealed significantly higher per-
centages of Th17 cells in the peripheral blood of active
CD patients compared with controls (3.62 £ 1.65% vs.
1.83 £ 1.00%, p = 0.007) (figure 1 A4, B).
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Figure 1: Comparison of CD4+IL-17A" (Th17) and CD4*FoxP3* (Treg) lymphocyte subpopulations, along with proinflammatory
cytokines (IL-1B, IL-6, TNF-a, and IL-8), between patients with Crohn’s disease (CD) and healthy donors (HD). (A) Representative
flow cytometry density plots illustrating Th17 and Treg subpopulations in two Crohn’s disease patients and one healthy donor. Dot
plots depicting the percentages of Th17 (CD4T1L-17%) cells (B), Treg (CD4" FoxP3*) cells (C), and the Th17/Treg ratio (D), and the
interleukin levels IL-1B (E), IL-8 (F), TNF-a (G), and IL-6 (H) in CD patients (n = 46) compared with HD (n = 30). Treg, regulatory
T cells; FOXP3, Forkhead box P3; *Student’s z-test, **Mann-Whitney U test.

3.2 The Proportion of Treg Cells

Considering the crucial role of regulatory T cells in
maintaining immune homeostasis, their frequency was
assessed by evaluating FOXP3 expression within the
total CD4+ cell population. The percentage of circulat-
ing Treg cells was significantly reduced in patients with
active CD compared with controls (1.03 £ 0.96% vs.
2.59 £+ 2.04%, p < 0.001, figure 1C).

3.3 The Thl7ITreg Ratio

The Th17/Treg cell ratio was significantly higher in CD
patients compared to controls (5.45 &+ 3.89 vs. 1.14 £+
1.09, p < 0.001) (figure 1D).

3.4 Comparison of Cytokines Levels

The analysis of serum cytokines revealed signifi-
cantly higher levels of TNF-c, IL-1f, IL-6, and IL-8
in patients with active CD compared with healthy
subjects [18.10 pg/mL (9.02-176.00) vs. 9.96 pg/mL
(6.96-17.90), p = 0.011; 18.00 pg/mL (8.58-51.75)
vs. 9.88 pg/mL (2.50-24.38), p = 0.012; 39.35 pg/mL
(10.08-467.25) vs. 4.93 pg/mL (4.02-5.83), p < 0.0001,
and 95.80 pg/mL (13.08-1201.00) vs. 9.74 pg/mL (5.71-
16.43), p < 0.0001, respectively]. (figure 1 E—H).

In contrast, IL-10 levels did not differ significantly
between patients and controls [2.50 pg/mL (2.50-5.60)
vs. 2.50 pg/mL (2.50-2.50), p > 0.05].

To further explore the relationship between pro-
inflammatory mediators, correlation analyses were
performed among cytokine levels. IL-1 showed strong
positive associations with TNF-oo (Rho = 0.59,
p < 0.001) and IL-6 (Rho = 0.51, p < 0.001),

while T1L-8 levels were positively correlated with IL-1
(Rho = 0.75, p < 0.001), TNF-o. (Rho 0.60,
p < 0.001), and I1L-6 (Rho = 0.47, p < 0.001).

3.5 Comparison of Thl7ITreg Cell Proportion and
Serum Cytokine Levels According to Treatment

In this study, no significant differences were observed
in Th17/Treg cell subsets or cytokine levels according
to treatment status. The proportions of Th17 cells (3.70
4+ 1.37%vs. 3.54 £ 1.27%, p > 0.05) and Treg cells (0.97
4 0.64% vs. 1.10 + 0.62%, p > 0.05) were comparable
between patients receiving corticosteroids or thiop-
urines and untreated patients. Similarly, the Th17/Treg
ratio did not differ significantly between the two groups
(6.17 £ 3.19 vs. 4.67 £ 2.09, p > 0.05). Regarding
serum cytokines, TNF-q, IL-1B, IL-6, IL-8, and IL-10
levels were 22.50 (10.61-144.00), 24.50 (12.60-56.27),
24.00 (8.70-174.00) pg/mL, 182.50 (13.62-3152.50)
and 2.50 (2.50-5.78) in treated patients, compared
with 11.20 (7.46-176.00), 10.30 (5.00-36.12), 43.25
(16.35-548.75), 68.10 (15.03-443.25), and 5.00 (2.50-
5.32) pg/mL in untreated patients, respectively. None
of these differences reached statistical significance (p =
0.206, 0.120, 0.350, 0.247 and 0.864, respectively).

4 Discussion

Crohn’s disease is characterized by a dysregulated
immune response involving both innate and adaptive
immunity. In the present study, we investigated the
balance between Th17 and Treg cells, with particu-
lar emphasis on the Th17/Treg ratio, as well as the
associated cytokine profile in patients with CD.
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Our analysis demonstrated a significantly higher
percentage of Thl7 cells in the peripheral blood of
active CD patients (p = 0.007), highlighting the poten-
tial involvement of these cells in the pathogenesis
of CD. Over the past several years, multiple stud-
ies have consistently reported a similar increase in
Th17 cells in patients with IBD [10-13]. This consis-
tent increase in Th17 cell frequency in IBD patients
has become increasingly evident in recent years,
highlighting their potential contribution to disease
pathogenesis [14,15]. Indeed, the elevated frequency of
Th17 cells in CD suggests that these cells may exacer-
bate the intestinal inflammatory response through their
pro-inflammatory cytokines. Moreover, the expansion
of Th17 cells could be associated with an impaired
suppressive function of regulatory T cells. However,
clinical trials evaluating anti-IL-17 therapies for CD
have paradoxically led to worsening of symptoms in
some patients, suggesting a complex role for IL-17
in maintaining gut homeostasis. Although IL-17 con-
tributes to inflammation, it may also play a protective
role in preserving mucosal barrier integrity [16], which
could explain these seemingly contradictory findings.
It is worth noting that, in addition to Th17 cells, other
T helper subsets such as Thl cells also play a crucial
role in the pathophysiology of CD. In this context, an
excessive Thl response is observed, characterized by
elevated IL-12, IL-18, IFN-y, and TNF-o levels, which
promote epithelial apoptosis, immune cell recruitment,
and chronic mucosal inflammation [17,18].

On the other hand, regulatory T cells, a subset of
CD4" T cells, play a crucial immunomodulatory role
despite their relatively low numbers. These lymphocytes
maintain immune tolerance and regulate both phys-
iological and pathological immune responses. Tregs
cells are known to secrete anti-inflammatory cytokines
such as TGF-B and IL-10, which suppress immune
cell activity and help control inflammation. In our
study, we found that the frequency of Tregs in CD
patients was significantly lower than in healthy controls
(p < 0.001). Other studies have similarly documented a
decrease in Treg populations in CD patients [12,13,19],
suggesting a potential impairment in the regulatory
mechanisms that normally help control inflammation.
These insights have fostered the development of ther-
apeutic approaches aimed at restoring Treg function,
including small molecules, antibody-based strategies,
and cell therapies, with emerging clinical trials and
precision medicine approaches highlighting Treg mod-
ulation as a promising avenue in IBD management [20].
Taken together, these findings strongly indicate an
imbalanced Th17/Treg ratio in patients with CD, con-
tributing to disease progression. This imbalance could
potentially serve as a future biomarker for monitor-
ing disease progression and response to therapy in
CD patients.

In addition to the observed alterations in Th17 cells,
our findings revealed significantly increased serum lev-
els of TNF-q, IL-1p, IL-6, and IL-8 in patients with CD
compared with healthy controls. These results further
support the presence of an enhanced pro-inflammatory
immune response in CD. The elevated cytokine lev-
els may contribute to the recruitment and activation
of inflammatory cells, thereby sustaining intestinal

inflammation and tissue damage. Given their cen-
tral role in the inflammatory process, these cytokines
represent promising targets for current and future ther-
apeutic strategies in CD [21].

In addition to increased serum levels observed in
our study, other human studies have reported ele-
vated TNF-o levels in the serum, stool, and intestinal
mucosal tissue of patients with CD [12,22,23]. This
cytokine has been extensively investigated due to its
central role in CD pathophysiology and its strong
therapeutic relevance. Indeed, TNF-o represents a
key target in biologic therapy, and anti-TNF agents,
including infliximab, adalimumab, certolizumab, and
golimumab, have demonstrated significant efficacy in
reducing inflammatory activity and inducing clinical
remission in CD patients [24,25].

Elevated concentrations of IL-1B have been
reported in both serum and intestinal lesions of patients
with CD and ulcerative colitis [20]. IL-1B is a key pro-
inflammatory cytokine involved in the pathogenesis
of inflammatory bowel disease. It contributes to
intestinal inflammation by promoting immune cell
recruitment, stimulating other pro-inflammatory
mediators, such as Prostaglandin E,, and supporting
Th17 cell differentiation. Dysregulation of IL-1f
disrupts mucosal homeostasis and may exacerbate
disease activity, highlighting its central role in CD and
its potential as a therapeutic target [27].

Among pleiotropic cytokines, IL-6 is particularly
relevant due to its dual role in amplifying inflammation
and promoting Th17 cell differentiation in the presence
of TGF-B. In agreement with our findings, increased
IL-6 levels have been reported in the serum of patients
with CD [28,29], and polymorphisms in the IL-6 gene
have been linked to specific disease phenotypes [30].
Given its pro-inflammatory role, IL-6 has also emerged
as a therapeutic target, with clinical trials investigating
anti-IL-6 therapies showing promising results in CD
patients [31].

In addition, IL-8, a potent chemotactic cytokine,
was significantly elevated in our cohort. Previous
studies have shown that increased serum IL-8 levels
correlate with disease activity and colonic inflamma-
tion [32,33]. As a strong neutrophil chemoattractant,
IL-8 likely contributes to the chronic inflammation
characteristic of CD. The elevated levels of IL-8,
together with other pro-inflammatory cytokines, high-
light their potential utility as biomarkers for assessing
disease activity and guiding therapeutic strategies.

In our study, IL-10 levels were not significantly
decreased in patients with CD, in contrast to previ-
ous reports that associated reduced IL-10 levels with
impaired regulatory T cell function [13,34]. Moreover,
polymorphisms in the IL-10 gene have been associated
with increased susceptibility to CD, as evidenced by
genome-wide association studies (GWAS) [35]. IL-10, a
key anti-inflammatory cytokine, is primarily produced
by Treg cells and plays a central role in control-
ling excessive immune responses. Given the observed
reduction in Treg cells in our cohort, a corresponding
decrease in IL-10 was expected, however, this was not
observed. This finding may indicate that IL.-10’s role in
maintaining intestinal homeostasis is more pronounced
locally within gut tissue, as reported by Jarry et al. [36],
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rather than in circulating blood. Additionally, variabil-
ity in IL-10 expression may be influenced by factors
such as disease activity, patient heterogeneity, and the
methods used to measure cytokines, contributing to
inconsistent findings.

Beyond analyzing individual cytokine levels, we
examined potential correlations among various inflam-
matory cytokines in patients with CD. Notably, we
observed a significant positive correlation between IL-
1B and TNF-o and IL-6, as well as between IL-8
and IL-1B, TNF-o, and IL-6. These findings sug-
gest a coordinated interplay among these cytokines in
driving inflammation in CD. Such interactions under-
score the complexity of the cytokine network in CD,
where multiple pro-inflammatory mediators act syn-
ergistically. In addition to these cytokines, alternative
pathways such as the IL-23/Th17 axis and IL-12/IFN-
y signaling can sustain inflammation, highlighting why
blockade of a single pathway is often insufficient to
fully control disease activity. Indeed, inhibition of a sin-
gle cytokine in CD patients may lead to compensatory
activation of alternative pro-inflammatory pathways.
Therefore, a more effective therapeutic strategy could
involve combined blockade of multiple cytokines or
targeting common downstream signaling pathways like
JAK-STAT, thereby providing broader disruption of
the inflammatory network and improving clinical out-
comes [37].

On the other hand, our findings indicate that
treatment exposure did not markedly affect cytokine
production or T-cell subsets distribution in this cohort
of CD patients. Although both corticosteroids and
thiopurines are known to exert immunosuppressive
and anti-inflammatory effects, their impact on circu-
lating pro-inflammatory cytokines and the Th17/Treg
cell balance appeared limited. This observation may
reflect the chronic nature of the disease, variability
in treatment response among individuals, or incom-
plete immune modulation under conventional therapy.
The absence of significant differences may also be
influenced by the limited sample size of the strati-
fied groups, reducing statistical power to detect subtle
effects. In contrast, several studies have reported sig-
nificant immunological shifts following biologic agents,
including reductions in pro-inflammatory cytokines
and restoration of Th17/Treg balance [38-40], sug-
gesting that these parameters could serve as useful
biomarkers for monitoring therapeutic efficacy in CD.

One of the key strengths of this study is its pro-
vision of original data on the Th17/Treg imbalance
in CD patients, particularly in North Africa, where
few similar studies have been conducted. These find-
ings may lay the groundwork for further regional and
international investigations into immune dysregula-
tion in CD and other inflammatory bowel diseases.
A main limitation of our study is that the results
are derived solely from peripheral blood and serum
measurements. Ideally, samples should be obtained
from the intestinal mucosa, where inflammatory events
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predominantly occur, via biopsies. However, the eval-
uation in blood was deliberately chosen to explore
potential non-invasive biomarkers.

Another important limitation is that CD25 was
not included in the flow cytometry panel and no
fluorescence-minus-one (FMO) control was used for
this marker, which may have affected the accuracy
of Treg identification and gating. In addition, objec-
tive measures of disease activity, including systematic
endoscopic assessment and fecal calprotectin measure-
ments, were not available during the study period.
Methodological limitations related to the distribution
of several biological variables and the absence of formal
correction for multiple comparisons should also be
considered when interpreting the results. Future studies
incorporating a more comprehensive immunopheno-
typing strategy, standardized assessment of disease
activity, and larger patient cohorts will be required
to achieve a more comprehensive understanding of
immune dysregulation in CD.

5 Conclusion

In summary, Crohn’s disease is characterized by
immune system imbalance, dysregulated immune
responses, a reduction in regulatory T cells, and
an upregulation of inflammatory Thl7 cells. These
alterations drive the production of pro-inflammatory
cytokines, including TNF-o, IL-1B, IL-6, and IL-8
contributing to severe intestinal inflammation. Given
the disrupted Th17/Treg ratio and the elevated levels
of these cytokines in CD patients, they may serve as
potential biomarkers for assessing disease activity and
guiding therapeutic strategies.
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Appendix A
Table Al
Immunophenotypic markers utilized for the determination of Th17 and Treg cell frequencies
Antibody Fluorochrome Clone Cat no. (BD biosciences)
CD3 FITC UCHT1 555332
CD4 PerCP-Cy5.5 RPA-T4 560650
CDS8 PE-Cy7 RPA-T8 557746
IL17A PE N49-653 560486
FoxP3 Alexa Fluor 647 259D/C7 560045
Note: CD: Cluster of Differentiation (CD3, CD4, CD8); IL-17A: Interleukin-17A; FoxP3: Forkhead box P3 (transcription
factor); FITC: Fluorescein isothiocyanate; PerCP: Peridinin-chlorophyll protein; Cy: Cyanine dye; PE: Phycoerythrin;
PerCP-CyS5.5: Peridinin-chlorophyll protein conjugated to Cyanine 5.5; PE-Cy7: Phycoerythrin conjugated to Cyanine 7.
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Figure A1: Gating strategy for lymphocyte subpopulations used to identify Th17 (CD4*IL-17A") and regulatory T cells (CD4* FoxP3").
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