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Peripheral blood monocytes in multiple
sclerosis exacerbations

Temel Tombul1, Omer Anlar2, Hayrettin Akdeniz3

ABSTRACT
Objectives: Monocytes (MO), macrophages, and microglia have a central role in the central
nervous system inflammation of multiple sclerosis (MS). During clinical activity in MS, MO
activation markers increase and some interleukins and tumor necrosis factor-alpha levels are
elevated. Our aim was to determine levels of absolute MO count and percentage in peripheral
blood of MS patients during the attacks.
Methodology: We assessed the percentage of MO by examining the blood smears in 28 patients
with definite MS, in 20 patients with acute cerebrovascular disease (CVD) and in 20 healthy
control subjects.
Results: The mean value of absolute MO count in MS patients, CVD and control groups were as
606.67± 170.52, 746.50±414.76 and 360.00±109.54 respectively. The mean values of MO
percentage in MS patients, CVD and control group were 8.34±2.61%, 5.56±2.48% and 5.36±1.50%
respectively. The mean percentage of MO was significantly elevated in MS patients compared
with the both groups of CVD and control (P<0.001).
Conclusion: Our results suggest a possible role of an increase in MO activation in the acute
exacerbations of Multiple Sclerosis.
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INTRODUCTION

Monocytes (MO), macrophages, and microglia
have a central role in the central nervous system
(CNS) inflammation of multiple sclerosis (MS). Dur-
ing MS attacks, T lymphocytes and monocyte-de-
rived macrophages gain entry to the CNS and form
perivascular infiltrates, a process which is accompa-
nied by enhanced permeability of the blood–brain
barrier.1,2 The presence of activated monocyte-de-
rived macrophages, filled with myelin debris, is re-
lated to disease activity and axonal damage.3 The key
role for monocytes was also illustrated in the animal
model for MS, experimental allergic encephalomy-
elitis (EAE). In this model, clinical signs and forma-
tion of perivascular infiltrates were completely abol-
ished after the depletion of peripheral monocytes and
macrophages.4,5

MO are important in the earliest events in MS.
Peripheral blood MO secrete prostaglandins before
MS attacks. During clinical activity MO activation
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markers increase, and interleukin (IL)1 and tumor
necrosis factor-alpha levels are elevated.6 Mono-
cytes/macrophages secrete inflammatory and poten-
tially cytopathic mediators such as TNF7 and
cytokines.8 Patients with progressive MS have a high
percentage of Interleukin 12 producing MO in the
blood compared to normal individuals.9 Interleukin-
12 is a major proinflammatory heterodimeric
cytokine that may play a role in the pathogenesis of
MS10 and of experimental autoimmune encephalo-
myelitis.11 Regulation of MO inflammatory gene ex-
pression may be relevant to the pathogenesis of MS.12

Blood-borne T cells and MO/macrophages also con-
stitute the major cell types in the perivascular infil-
trates characteristic for MS.13 Moreover, migration
of T cells across membranes, representing the blood
brain barrier is facilitated by monocytes.14

All these data indicate that MO may contribute to
the pathological anatomical features observed in the
CNS of patients with MS.5 The normal percentage of
MO is about 4-5% in adult persons.16 There are not
enough studies about the absolute count of periph-
eral MO in relapsing-remitting (RR) MS patients in
the literature. The aim of this study was to deter-
mine levels of MO percentage in peripheral blood of
MS patients during the attacks.

METHODOLOGY

We investigated peripheral blood from 28 patients
aged between 18 and 52 years (18 female, 10 male)
with definite RR-MS diagnosed according to the
criteria of Mc Donald17 during exacerbation period
 and from 20 healthy control (10 female, 10 male) and
20 stroke subjects aged between 16 and 55 years (12
female, 8 male). Because the leukocytes in periph-
eral blood could be elevated as an inflammatory

response to any acute cerebral disease, we also
assessed these parameters in a group of patients with
acute cerebrovascular disease (CVD).

We detected the absolute MO count and the
percentage of MO by full automatic blood counter
machine (counter) and examined the blood smears
of patients group and control group subjects. All of
the MS patients were treated with prednisolone.
However, the serum samples were obtained before
corticosteroid therapy was started in each patient.
None of the patients had relapses precipitated by
febrile episodes.

We used student-t (independent) statistical test. P
values less than 0.05 were considered as significant.
Variance analysis technique (ANOVA) was used for
identifying the difference between the genders and
groups of patients with stroke in terms of the
absolute count and percentage of monocyte, and as
a result of variance analysis, DUNCAN multiple
comparison test was used for dual comparison of the
mean values of the groups.

RESULTS

There was not a statistical difference of age and
sex between the patient and control groups (p> 0.05).
Monocyte counts in peripheral blood: The mean
value of absolute MO count in MS patients, CVD and
control groups were 606.67±170.52, 746.50±414.76
and 360.00±109.54 respectively (Table-I). There was
no statistically significant difference between MS and
CVD groups in terms of average of absolute
monocyte count according to Duncan multiple
comparison test. Absolute monocyte counts were,
however, significantly increased in MS and CVD
groups compared with control group (P<0.001)
(Figure-1).

Table-I: Statistical parameters of the value of monocyte count and percent in the groups of MS, CVD
and the controls. Different letters (A or B) show statistically difference for mean values.

Parameters Group N mean SD Minimum Maximum

Monocyte count MS 28 606.67B 170.52 300.00 900.00
CVD 20 746.50B 414.76 230.00 1530.00
Control 20 360.00A 109.54 100.00 500.00

Percentage of monocyte MS 28 8.34B 2.61 3.90 14.00
CVD 20 5.56A 2.48 2.07 9.20
Control 20 5.36A 1.50 3.00 7.60

Monocytes (sum of square) MS 28 24.38B 3.55 17.32 30.00
CVD 20 26.32B 7.53 15.17 39.12
Control 20 18.72A 3.19 10.00 22.36

MS: multiple sclerosis, CVD: cerebrovascular disease
Different letters (A or B) show statistically difference for mean values.
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Monocyte percentage: The values of mean percent-
age of MO in MS patients, the patients with acute
stroke and control group were 8.34±2.61%,
5.56±2.48% and 5.36±1.50% respectively. There was
no significant difference between CVD group and
controls in terms of mean percentage of monocyte in
peripheral blood. The values of mean percentage of
MO in MS patients was, however, significantly in-
creased compared with the both groups of CVD and
control (P<0.001) (Figure-1).

DISCUSSION

The potential importance of blood MO in MS is
suggested by their potent ability to secrete numer-
ous immunoregulatory cytokines.15 Most of the stud-
ies describe the functional activity of MO in MS.
Especially, the studies about EAE suggest that the
infiltration of monocytes into the brain parenchyma
is essential for the development of new lesions in EAE
and MS. The exact mechanism by which monocytes
cross the blood–brain barrier is largely unknown.9,10

In this study, we show that monocytes are increased
in patients with MS during the acute phase, regard-
less of age and gender. The normal percentage of MO
is about 4-5% in adult persons.16 In our study, abso-
lute monocyte count in peripheral blood was elevated
in the patients with stroke as well as in the MS group,
whereas there was no increase in the value of MO
percentage in stroke patients (5.56%) and controls

(5.36%). The elevation of absolute count of
monocyte in both groups of MS and CVD may be
related to an inflammatory reaction during the acute
phase of illness. However, the stroke patients did not
show an elevation in monocyte ratio. Therefore, we
suggest that such increase of absolute monocyte
count and percentage may only be related to an
immune-inflammatory process during the acute MS
excerbation.

In a study from Germany, the authors found that
the percentage of HLA-DR (+)-monocytes was
increased in female MS patients.18 Another study
demonstrated that MO constitute the only periph-
eral blood cell population showing an increased burst
activity in MS patients.19 A study from Sweden dem-
onstrated that IL-15 positive peripheral blood mono-
nuclear cells were elevated in patients with MS com-
pared to healthy controls. 20 On the other hand, an
information regarding IL-12 in MS reveals a link
between MRI disease activity and elevated percent-
age of IL-12-producing monocytes.21

To conclude, in our study we think that the changes
in the percentage of MO in MS exacerbations sup-
port the evidence for an immunoregulatory defect
in this disease. Our results suggest a possible role of
elevated rate of MO in the acute exacerbation of MS.
This rate may indicate a high activity level of these
immune cells in the course of the disease. However,
further studies with on a much wider scale of series,

Fig-1: Monocyte count in the
groups of MS, CVD and control.

MS: multiple sclerosis, CVD: cerebrovascular disease.

Fig-2: Monocyte percent in the
groups of MS, CVD and control.

MS: multiple sclerosis, CVD: cerebrovascular disease.
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should be conducted in order to determine the
relationship between the percentage of MO and the
inflammatory cytokines in various clinical
subgroups.
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