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The primary objective of this study is to conduct a systematic review of Treg level changes in
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Methods: A detailed literature search was conducted on PubMed, Scopus, Embase, ProQuest,
Cochrane Review, Clinical trials, Academic thesis, American Academy of Neurology
resources, and Google Scholar databases from 2010 to 2023. Studies that were appropriately
designed to quantify Treg cell levels in migraine patients were included in this meta-analysis.

Results: Out of 17 studies initially reviewed, only 4 studies with 121 migraine patients were
included for analysis. The meta-analysis revealed a statistically significant reduction in Treg
cell levels in migraine patients compared to healthy volunteers (Z=1.21; P=0.23).
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Highlights
* Based on the data available about the Treg cell levels in migraine patients, we performed a meta-analysis.
» Compared to healthy individuals, a significant reduction in Treg cell levels was observed in migraine patients.

* For the first time in literature, Treg cell levels have been taken for meta-analysis as they are related to migraine
research.

Plain Language Summary

Migraine is a complex condition, and its exact etiology is unknown. Recent studies have suggested that the immune
system plays an important role in migraine. In particular, some studies have shown that people with migraine have
lower levels of Treg cells, which helps maintain the immune system's balance. However, these findings have not been
systematically reviewed. In this study, we conducted a systematic review and meta-analysis to investigate whether
lower Treg cell levels are consistently observed in patients with migraine. We carefully examined the studies from
2010 to 2023. From 17 yielded studies, only 4 met our criteria and reviewed, representing a total of 121 patients. The
analysis revealed that Treg cell levels were significantly lower in patients with migraine than in healthy individuals.
This finding supports the idea that migraine may be linked to immune dysfunction, possibly through an autoimmune
mechanism. However, further research is needed to confirm this link and better understand how the immune system

contributes to migraine.

1. Introduction

igraine is believed to be a chronic neu-

rological disorder characterized by en-

ervating, recurrent occurrences of uni-

lateral throbbing headaches, afflicting

about 10%-15% of the general popula-

tion, with a preponderance for females
(Andreou & Edvinsson, 2019). According to the global
burden of disease study (2015), migraine is the most pro-
gressive neurological illness and the third leading cause
of disability worldwide (Steiner et al., 2016). Migraine
attacks involve a variety of neurological symptoms such
as nausea, photophobia, phonophobia, osmophobia, ex-
haustion, and disruptions of autonomic, mental, sensory,
and motor functioning, in addition to pain (Burstein,
2001). the international classification of headache dis-
orders, third edition beta version (ICHD-III), catego-
rizes migraine into two subtypes: Migraine without aura
(MO) and migraine with aura (MA) (IHS, 2018).

The two basic ideas have dominated migraine research
over the past three centuries: The vascular theory and
the central neuronal theory (Isler, 1986 ; Tfelt-Hansen
& Koehler, 2010). The efficacy of vasoconstrictors like
ergotamine and triptans in treating acute migraine sup-
ported the vascular theory. Still, novel research shows that
vasodilation is neither essential nor sufficient to trigger a
migraine episode (Mason & Russo, 2018). Some studies

have also indicated that migraine episodes can begin in
areas of nociceptive neuromodulatory dysfunction in the
brain stem (Welch, 2003; Brennan & Pietrobon, 2018). In
addition, Levy and colleagues suggested that degranula-
tion of meningeal mast cells, an inflammatory cell found
in the intracranial region, may cause migraine (Levy et
al., 2007). While numerous theories have been proposed
for the etiology of migraine, none of these theories ade-
quately explain the exact cause of migraine (Tfelt-Hansen
& Koehler, 2010). Furthermore, there is no specific bio-
marker or diagnostic test for migraine, and it has often
been misdiagnosed with other types of headaches.

On the other hand, there is emerging evidence that mi-
graine may be caused by immune dysfunction (Arumu-
gam & Narayan, 2019; Biscetti et al., 2021; Biscetti et
al., 2022). In an earlier clinical study, our research group
showed that CD4"CD25" regulatory T-cells (Treg) were
lower in migraine patients in comparison to healthy vol-
unteers (Arumugam & Parthasarathy, 2016), which was
the first study to identify levels of Treg variability in mi-
graine patients. In support of this research, other clinical
studies have also demonstrated a significant decrease in
Treg cell levels in migraine patients (Faraji, et al., 2021;
Nurkhametova et al., 2018; Li et al., 2022). However, a
systematic analysis of the available data does not exist yet.
Therefore, the current study attempted to analyze existing
clinical data on decreasing levels of lymphocyte subsets,
particularly the Treg population in migraine patients.
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2. Materials and Methods

Literature search

A detailed literature search was conducted on PubMed,
Scopus, Embase, ProQuest, Cochrane Review, Clinical
trials, Academic thesis, American Academy of Neurol-
ogy (AAN) resources, and Google Scholar databases
from 2010 to 2022. The search details include “mi-
graine in “regulatory T-cell,” “CD4*CD25",” “inflam-
matory activity,” “autoimmune disorder,” “cytokines,”
and “neuromodulators.” Each term’s singular and plural
variations, as well as regional spelling variations, were
recognized. The analysis was characterized based on the
age, number of migraine patients and healthy volunteers,
MO and MA, new interventions, and consequent pa-
rameters. Studies that met these criteria were used in the
analysis. Meta-analysis was performed using appropri-
ate software (Revman software, version 5.4).

9

Eligibility criteria

Only studies that met the following criteria were in-
cluded in the analysis. Clinical studies were conducted
with MO and MA patients, quantitative analyses of the T
lymphocyte subset population, especially Treg cells, and
studies conducted with patients without recent immune
suppression therapies.

Data extraction

Data were extracted from eligible studies, and the aver-
age values and standard deviation for Treg cell levels were
collected from the selected articles. The number of cases or
controls, average age, gender ratio, intervention performed,
and outcome parameters were taken for the analysis. Other
clinically significant findings were also collected.

3. Results
Description of the included studies

Following the initial screening and eligibility criteria,
17 records were selected for qualitative analysis and 4
observational study records (Arumugam et al., 2016;
Faraji et al., 2021; Nurkhametova et al., 2018; Li et al.,
2022) were taken for the final analysis (Figure 1). The
inclusion criteria of the study were - parameters such as
migraine type, age, comorbidity, and immunosuppres-
sive treatments.

September & October 2024, Vol 15, No. 5

Analysis of the clinical studies in the

pathophysiology of migraine

Throughout this study, 121 migraine patients (includ-
ing MO and MA) and 94 healthy volunteers between the
ages of 18 and 55 were included in the analysis (Table 1).
Changes in Treg cell levels were compared between mi-
graine patients and healthy volunteers. The results show
a significant reduction of Treg cell levels in migraine
patients compared to healthy individuals, and the over-
all effect (Z=1.21; P=0.23) (Figure 2). The standardized
mean difference (SMD) shows -3.63 (P=0.007) with a
95% confidence interval of -6.28 to -0.99 (Figure 3). The
true effect size of overall SMD in 95% CI of all compa-
rable populations fall between the interval of -16.30 to
9.04 (Figure 3).

4. Discussion

The current meta-analysis data from 4 clinical studies
show a substantial reduction of Treg cell levels in mi-
graine patients compared to healthy volunteers. None
of the studies found significant differences between
MO and MA patients (Table 1). The Tregs are a specific
subgroup of T cells, defined by the expression of CD4,
CD25 (the IL-2 receptor a-chain), and the transcription
factor forkhead box P3 (FOXP3) (Valencia & Lipsky,
2007). Treg cells are produced during thymocyte de-
velopment and regulate the immunological response,
preserving homeostasis and self-tolerance (Chang
et al., 2005; Zhang e al., 2020; Genre et al., 2009). It
can also inhibit the activation, proliferation, and ef-
fector functions of T-cells, natural killer cells, B-cells,
and antigen-presenting cells (Sakaguchi et al., 2009).
Thus, the reduced or abnormal regulation of Treg cells
or mutation of FOXP3 enhances the probability of im-
munological imbalance in migraine patients. In addi-
tion, an increase in CD4* and a decrease in CD8" levels
in migraine patients have been reported (Deng et al.,
2019; Raphael et al., 2020; Arumugam & Parthasara-
thy, 2016). Variations in purinergic cells, such as CD4*,
CDS8", CD39", CD73*, and FOXP3 subsets, were also
observed in migraine patients compared to healthy vol-
unteers, and these outcomes are consistent with past re-
ports (Mosnaim et al., 1998; Empl et al., 1999; Pavelek
et al., 2020), indicating immune cells possible role in
the physiopathology of migraine (Cseh et al., 2013; Le-
one et al., 1994).
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Table 1. Characteristics of the included studies
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Study . Nurkhametova et al. .
No. . Arumugam et al., 2016 Faraji et al., 2021 ’ Li et al., 2022
Characteristics . I 2018
Total number
of participants
1 (migraine/healthy 50/25 40/33 16/21 15/15
volunteers)
Quantification of Comparison of non-
autoimmune markers,  Correlation of different h . - . | P |
specifically lympho- categories of migraine € araft?l'cerlz? pur|Ir|1e.rg|c ¢ asstca mcfflorc]ytles
2 Study objective cyte subsets (CD4*, with Treg cell percent- aliEsE T—ce. Sl (CD14'CD16 2’ ePer
CDS8%, and CDA'CD25")  ageand CD4%, cD25:,  Patientswithepisodic — Tcells (CD3'CDA)
decréasing i e and FoxP3 p’rotein ’ migraine without aura and regulatory T cells
patients IEpeba s
3 Study design Observational Observational Observational Observational
Postictal period of Postictal period of performed during ictal Performed over the
4 Study subject migraine patients migraine patients d ictal g d ictal period of chronic
included included it [peRdE Ll 220 migraine
A total of 30 partici-
A total of 38 patients pants were studied us-
A total of 50 migraine were assessed, ing demographic data.
patients were studied, previously diagnosed Patients with frequent
and CD4:CDS ratios without aura; 12 headaches and comor-
5 Inclusion criteria and CD4*CD25* cell Newly diagnosed pa- patients had oncology,  bid pain, whether hav-
population in all tients with migraine pregnancy, breastfeed- ing chronic migraine
migraine patients ing, 3 had migraine or not, were included.
were compared with with aura, 7 declined, Overuse of medica-
controls and 16 female patients ~ tions among migraine
were included patients were also
included.
Expression pat-
tern of CD45R0 and Flow cytometry
CD62L as naive (N, screening, Statistical
Flowicyranien CD45R0- CD62L%), analysis (fluorescence-
monoclonal antibg;:Iies central memory (CM, activated cell sorting
. like anti CD4-FITC, anti  Gating of CD25* and COBIGL ey, e
Analytical meth- ; > effector memory (EM, multiplex data), and
6 CD25-PE, anti CD3- FoxP3* lymphocytes
ods PERCPCYS’ 5 and anti ek CD45R0*CD62L-), and The nonparametric
CD8-APC \;vere used terminally differentiat- Wilcoxon signed-rank
for the gating protocol ed CD45RA-positive ef-  test were used to com-
gating p fector T-cells (TEMRA, pare the significance
CD45R0-CD62L-) were of lymphocytes and
established for gating monocytes.
process
Migraine patients
showed a significant
reduction in the Treg Imbalance in Treg
population as com- The number of Treg subsets in migraine Migraine patients
7 Study outcome pared with healthy cells was significantly patients and suggests showed a significant

volunteers, with no
significant difference
between migraine
with aura and migraine
without aura.

lower in newly diag-
nosed migraine cases.

the inability of Tregs to
suppress inflammation
in migraine effectively.

reduction of Treg and
T cells.

Abbreviations: APC: Antigen-presenting cells; CD: Cluster of differentiation; CM: Central memory; EM: Effector memory;
FACS: Fluorescence-activated cell sorting; FOXP3: Forkhead box P3; PERCPCY5.5: Peridinin chlorophyll protein-cyanine5. 5;
TEMRA: Terminally differentiated effector memory T cells; Treg: Regulatory T-cells.
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34 of records 5 of additional
identified through recaords identified
database through other
searching sources
t
3 of records after duplicates
remaoved
12 studies
. [ excluded due to
36 of records lack of statistical
screened data
24 studies 7 studies
assessed for excluded for lack
eligibility criteria of clearance
17 of studies
included in
qualitative
synthesis
4 of studies
included in
quantitative
synthesis
(meta-analysis)
Figure 1. PRISMA flow diagram of the inclusion studies
Migraine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random,95% Cl IV, Random, 95% Cl
Arumugam 2018 492 163 A0 G645 158 25 281% -1.63[230,-0.76) L
Faraji 2021 851 04 40 156 047 33 262% -T.09[7.3Z -6.86) u
Li2022 AEG 138 1% 828 23 18 24E% -263[3.98 -1.29) —

Murkhametova 2018 354 096 16 208 14 21 251% 04560020137

Total (95% CI) 121 94 100.0% -2.68[-7.03, 1.67]
Heterogeneity, Tau®= 19.48; Chi*= 525.3, df=3(F = 0.00001}, F=193% I I 1 | I

o _ -10 -8 0 ] 10
Testfor overall effect 7=1.21 (F=0.23 Favours [Migraing] Favours [contral]

Figure 2. Quantitative analysis of levels of CD4*CD25* regulatory T-cell levels in migraine patients and healthy volunteers
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Figure 3. The standardized difference in mean between migraine and control groups

However, numerous clinical studies show alteration in
pro-inflammatory cytokines like IL-1, IL-6, and TNF,
as well as anti-inflammatory cytokines like IL-1RA, IL-
2, and IL-10, during migraine attacks (Bo¢kowski et al.,
2010; Bruno et al., 2007; Yilmaz at al., 2010). In addi-
tion, a recent case report suggests that interferon-beta can
induce or exacerbate migraine attacks during immuno-
modulation therapy in multiple sclerosis patients (Patti et
al., 2012; Elmazny et al., 2020). These findings support
the belief that immune cells, such as interferon beta, could
also play a role in migraine attacks. Accordingly, contem-
porary approaches are opening the doors to recognizing
the role of immune cells in migraine and raising the pos-
sibility of a link between immunological imbalance and
migraine. Therefore, the current meta-analysis and exist-
ing evidence strongly suggest that immune cells can play
a pivotal role in migraine pathogenesis.

For the first time in the literature, Treg cell levels were
taken for meta-analysis about migraine research. The
limitation of the study is that only four studies were ana-
lyzed. Nevertheless, exhaustive research is required to
support the notion of a link between autoimmunity and
migraine.

5. Conclusion

The meta-analysis of four clinical studies shows sig-
nificant reduction of Treg cells in migraine patients
compared to healthy volunteers. Decreased Treg levels
support the theory that migraine could be due to immune
dysfunction. More specific studies on the role of immune
cells in the pathophysiology of migraine can contribute
to a better understanding of migraine progression.
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