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Changes in Peripheral Blood Mononuclear Cells-Novel
Evidence for an Immunomodulatory
Aspect in Bell's Palsy?

Stefan S. Kassner®¢, Sarah Schoettler?, Gabriel A. Bonaterra®, Anne Faber?, Karl Hormann?,
Ulrich R. Goessler?, Ralf Kinscherf® ¢, Jens Stern-Straeter®®

Abstract

Background: Patients with Bell’s Palsy (BP): a very common neu-
ropathy of the facial nerve-showed significant decreases of T- and
B-lymphocytes in earlier studies. Besides a viral infection an auto-
immune process leading to this disease has been discussed.

Methods: 15 patients with BP and 15 healthy, age-matched indi-
viduals were included in this study. In addition to routine blood
parameters peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll density gradient. Afterwards, in CD14" (mono-
cytes), CD68" (macrophages), CD3" (T-lymphocytes) or CD19* (B-
lymphocytes) the percentage of cells, expressing pro-inflammatory
(CD40, TNF-a, and COX-2), pro-apoptotic (Caspase-3, PARP),
pro-adhesive (CD38) and oxidative stress-related (MnSOD) pro-
teins were measured by two-color fluorescence-activated cell sorter
analyses.

Results: In comparison to healthy individuals, patients with BP
revealed significantly elevated plasma levels of C-reactive protein
and total leukocyte count, while levels of T- and B-lymphocytes
were significantly decreased. In BP patients all subpopulations un-
der test showed a significant increase in percentage of CD38" as
well as of pro-inflammatory (CD40*, TNF-a") cells; additionally
monocytes showed a significant increase in percentage of MnSOD
positive cells.

Conclusions: Our data shows new evidence for an involvement of
the immune system in BP. Therefore, we suggest that future inves-
tigations of PBMCs in BP patients represent a very promising ap-
proach to further elucidate possible pathomechanisms.
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Introduction

Bell’s Palsy (BP) is a very common neuropathy of the facial
nerve. The processes leading to the disease remain unclear
[1]. Several years ago, cellular autoimmune mechanisms in
the pathogenesis of BP have been suggested to be involved
[2, 3]. However, novel data reveal that treatment with corti-
costeroids with or without an antiviral drug is recommended,
suggesting an involvement of immunomodulatory processes
[4, 5].

Moreover, earlier studies showed a significant decrease
in levels of T- and B-lymphocytes in BP patients [6, 7] sup-
porting the potential pathogenetic relevance of these cells.
Furthermore a decreased level of antibody producing CD19*
B-lymphocytes has been discussed to cause an insufficient
clearance of neurotropic viruses or virus particles possibly
responsible for disease induction and/or progression [8]. In
this context, different neurotropic viruses e.g. herpes sim-
plex virus type 1 (HSV-1) have been proposed to be a pos-
sible disease inductor, due to the fact that HSV-1 DNA could
be detected in endoneural fluid and saliva from BP patients
[9, 10]. Additionally, data of an animal model revealed, that
a reactivation of a HSV-1-infection in combination with im-
mune suppression induce BP, indicating the special impor-
tance of the immune system in this disease and especially
the cellular system responsible for viral defense-the lympho-
cytes [11].

Most recently we have shown an elevated expression
of pro-inflammatory, pro-adhesive and pro-apoptotic genes/
proteins in patients with acute stroke, Alzheimer demen-
tia, sudden sensorineural hearing loss or vestibular neuritis
[12-15]. In these diseases, the expression pattern was total-
ly different among the patient groups suggesting a distinct
involvement of special peripheral blood mononuclear cell
(PBMC) subpopulations (monocytes, macrophages, T- or
B-lymphocytes) in disease induction and/or progression. We
hypothesize that BP patients have elevated levels of PBMCs
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Table 1. Age, Blood Lipids, Number of Leukocytes (Including Subpopulations)
and PBMC in BP Patients and Healthy Subjects

Control Bell’s palsy P value

Age (years) 48.9 £3.25 42.8+3.4 ns

BMI (kg/m?) 27+1.14 29.7+0.97 ns
Lymphocytes (%) 37.43+£2.85 28.45+2.98 0.03
Monocytes (%) 7.58£0.34 7.36 £0.65 ns
Neutrophils (%) 52.02 £2.69 62.42 +3.77 0.03
Eosinophils (%) 2.50 £0.22 1.4+0.31 0.003
Basophils (%) 0.47+0.05 0.35+0.06 ns
Leukocytes (10°/L) 6.95 +£0.30 9.04 £ 0.73 0.008
CRP (mg/dL) 1.97+0.29 4.87+1.33 0.04

Mean + SEM; n = 15; P, significance; CRP, C-reactive protein; HDL, high-density lipopro-

tein; LDL, low-density lipoprotein; ns, not significant

expressing pro-inflammatory and adhesion-relevant proteins
as well as increased pro-inflammatory biochemical plasma
parameters in comparison with matched control subjects.
Because of increasing existing evidence of an involvement
of PBMC in the processes of BP, our present study seemed
to be a very promising approach.

Material and Methods
Subjects

15 patients with BP aged from 18 - 59 years, hospitalized
at the Department of Otolaryngology, Head and Neck Sur-
gery (University Hospital of Mannheim, Germany) and 15
age-matched healthy subjects (= control) were enrolled in
this study. Patients and control subjects with chronic in-
flammatory diseases (e.g. diabetes) as well as smokers were
excluded from this study. BP was diagnosed by clinical ex-
amination and classified by House Brackmann Facial Nerve
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Grading System [14]. All included subjects showed a mod-
erate or moderately severe loss of function, classified as a
House Brackmann Score III or IV. The interval between the
onset of symptoms and blood collection varied between 6 to
24 hours. All patients received treatment with corticosteroids
after collection of blood samples. All patients and subjects
with regular anti-inflammatory treatment such as non-steroi-
dal anti-inflammatory drugs (NSAID, corticosteroids etc.)
before onset of symptoms were excluded from this study.
The study was approved by the local ethics committee of the
University Hospital of Mannheim. Additionally, informed
written consent was provided.

Blood samples, blood count and serologic testing

Blood samples were routinely taken from the cubital vein.
C-reactive protein (CRP) levels and blood count were quan-
tified by standard methods at the laboratory of the Univer-
sity Medical Hospital Mannheim. Serologic testing included
antibody titers against varicella zoster, herpes simplex and
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Figure 1. a. Percentage of CD14 (monocytes), CD68 (macrophages), CD3 (T-lymphocytes and CD19 (B-lymphocytes) immuno-
reactive PBMCs in BP patients and healthy subjects. Mean + SEM; n = 15; P < 0.05 (significance). b. Percentage of double-im-
munostained CD19 (B-lymphocytes) positive and CD40, TNF-a, COX-2, (proinflammatory markers), PARP and Caspase-3 (pro-
apoptotic markers) or CD38 (adhesion relevant marker) immunoreactive PBMCs in BP patients and healthy subjects (control).
Mean + SEM; n = 15; P < 0.05 (significance). c. Percentage of double-immunostained CD3 (T-lymphocytes) positive and CD40,
TNF-a, COX-2, (proinflammatory markers), PARP and Caspase-3 (proapoptotic markers) or CD38 (adhesion relevant marker)
immunoreactive PBMCs in BP patients and healthy subjects (control). Mean + SEM; n = 15; P < 0.05 (significance). d. Percent-
age of double-immunostained CD68 (macrophages) positive and CD40, TNF-a, COX-2, (proinflammatory markers), PARP and
Caspase-3 (proapoptotic markers) or CD38 (adhesion relevant marker) immunoreactive PBMCs in BP patients and healthy sub-
jects (control). Mean + SEM; n = 15; P < 0.05 (significance). e. Percentage of double-immunostained CD14 (monocytes) positive
and CD40, TNF-a, COX-2, (proinflammatory markers), PARP and Caspase-3 (proapoptotic markers) or CD38 (adhesion relevant

marker) immunoreactive PBMCs in BP patients and healthy subjects (control). Mean + SEM; n = 15; P < 0.05 (significance).

borreliosis. Patients with an acute or reactivated infection
of one of these diseases indicated by elevation of IgM- or
IgG-levels above the reference levels were excluded from
the study.

Isolation of PBMCs

PBMCs were isolated by density gradient (Biocoll, (1.077 g/
mL) Biochrom AG, Berlin, Germany) according to the man-
ufacturer’s specifications, as previously described [15, 25].
After collection, PBMCs were washed twice with endotoxin-
free PBS without Ca’" and Mg?* (PAA Laboratories GmbH,
Pasching, Austria).
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Fluorescence Activated Cell Sorter (FACS) analysis

Isolated PBMCs were fixed (5 min, RT) with 4% parafor-
maldehyde (Sigma Chemical Co., St. Louis, USA) and
washed three times with PBS. Cells were resuspended in 100
uL PBS/0.1% BSA. For detection of intracellular localized
antigens, permeabilization was performed with 0.1% sapo-
nin, 10 min, RT (Carl Roth GmbH and Co KG, Karlsruhe,
Germany).

FACS analysis were performed with aliquots of 5 x 10°
fixed cells using the following fluorescein-5-isothiocyanate
(FITC) or phycoerythrin (PE) conjugated monoclonal (mAb)
or polyclonal (pAb) anti-human antibodies directed against:
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CD40-Receptor (LINARIS GmbH, Wertheim-Bettingen,
Germany), CD38 (EXBIO, Praha, Czech Republic), TNF-a
(LINARIS), cyclooxygenase-2 (COX-2, Exalpha Biologi-
cals Inc., Shirley, USA), Poly(ADP-ribose)-Polymerase 1
(PARP, BD Biosciences Heidelberg, Germany), MnSOD
(Manganese-Superoxide-Dismutase, ~Bender = MedSys-
tems GmbH, Vienna, Austria), caspase-3 (BD Biosciences
Pharmingen) and for staining of subpopulations CD14*
(monocytes and macrophages), CD68* (macrophages), CD3*
(T-lymphocytes) or CD19" (B-lymphocytes) (LINARIS).
Two-color flow cytometric analyses were performed us-
ing a BD FACS Canto II six-color flow cytometer and BD
FACSDiva software (BD Biosciences). The gate was set
around the PBMC:s to exclude other cells or debris from anal-
ysis. Routinely 10,000 cells per tube were counted. The iso-
type IgG was used for background control. The results were
expressed as percentage of total PBMCs in suspension, and
the data converted into frequency histograms and dot plots.

Statistical methods

Results are presented as mean + standard error of the mean
(SEM). Data of patients and control persons were compared
by the Mann Whitney U or by the unpaired Student’s t-test,
using the SIGMASTAT 3.1 program (Jandel Scientific, Er-
krath, Germany). A P value of 0.05 or less was chosen for
statistical significance.

Results
Patient characteristics and blood parameters

CRP level was significantly (P = 0.04) 2.5-fold increased, as
well as the amount of leukocytes, which showed a significant
(P =0.008) 1.3-fold increase in patients with BP compared
to healthy controls (Table 1). Differential blood count analy-
sis including leukocyte subpopulations showed significant
decreases of percentages of lymphocytes and eosinophils in
BP patients in comparison to healthy subjects there was a
significant increase in percentage of neutrophils (Table 1).
In particular we found a 1.2-fold increase in percentage of
neutrophils (P = 0.026), a-1.8-fold decrease in percentage of
eosinophils (P=0.003) and a 1.3-fold decrease in percentage
of lymphocytes (P = 0.033) (Table 1).

PBMC subpopulations and expression of pro-inflam-
matory (TNF-0, COX-2), pro-apoptotic (caspase-3 and
PARP), adhesion-relevant (CD38) or oxidative stress re-
lated (MnSOD) proteins

According to the finding of the differential blood count,
the percentage of T-lymphocytes (CD3" cells) as well as B-
lymphocytes (CD19" cells) was significantly (P = 0.005 and
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P =0.007) 1.3-fold and 1.4-fold decreased in patients with
BP compared to healthy controls (Fig. 1a), while levels of
CD14" monocytes and CD68" macrophages were similar in
BP patients compared to healthy controls (Fig. 1a).

In the monocyte subpopulation (CD14") of patients we
found a significantly 1.6-fold increase of CD38 and a signifi-
cantly 1.7-fold increase of MnSOD positive cells (P = 0.04
and P =0.007) compared to healthy subjects (Fig. 1b). How-
ever, in this subpopulation there was no significant differ-
ence in percentage of CD40*, TNF-alpha', COX-2*, PARP*
or caspase 3" cells of BP patients compared to healthy con-
trols (Fig. 1b).

On the other hand macrophages of BP patients showed
significantly increased percentage of CD40" (2.2-fold; P =
0.02), CD38" (1.6-fold; P = 0.02) and TNF-alpha* (2.2-fold;
P = 0.03) positive cells compared to healthy subjects (Fig.
Ic).

The T-lymphocyte (CD3*) subpopulation of BP patients
showed a significant (P = 0.02) 1.8-fold increase in percent-
age of CD38" cells, whereas the percentage of caspase-3*
positive cells was significantly decreased (3.5-fold; P=0.04)
compared to controls (Fig. 1d). However, in the T-lympho-
cyte subpopulation, the percentages of cells, expressing other
pro-inflammatory, pro-apoptotic or oxidative stress proteins,
like TNF-alpha, COX-2, PARP, MnSOD, or CD40 showed
no significant differences between BP patients and healthy
subjects (Fig. 1d).

Finally, CD19" B-lymphocytes of BP patients, showed a
significant (P =0.02) 2.3-fold increased percentage of CD38"
cells compared to healthy subjects (Fig. 1e). However, in the
B-lymphocyte subpopulation, the percentages of cells, ex-
pressing pro-inflammatory, pro-apoptotic or oxidative stress
proteins showed no significant differences between BP pa-
tients and healthy subjects (Fig. le).

Discussion

Immunophenotyping has recently been described to be a
valuable effort to find new immunomodulatory changes in
patients with uncharacteristic inflammatory diseases [16]. In
this context, we found significantly increased levels of CRP
and leukocytes in patients with BP compared to healthy sub-
jects. Even though these elevations do not reach a pathologi-
cal range, as during e. g. bacterial infection, which has been
recently hypothesized to be related to BP [17], they can be
interpreted as a sign for inflammatory processes being in-
volved in this disease. Furthermore, we showed that levels
of B- and T-lymphocytes were significantly decreased. These
results confirm and extend data of others [18]: Several stud-
ies have shown, that the absence of B cells can lead to exac-
erbated pathological inflammatory responses in autoimmune
diseases [19], just as the regulatory T cells play an important
role in the maintenance of self-tolerance since depletion of
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these cells elicits autoimmune diseases [20], this diminution
observed could be associated with an immunosuppressive
condition by BP patients. Additionally, in both of these sub-
populations (T- and B-lymphocytes) we found a significantly
elevated percentage of pro-adhesive CD38" cells. This seems
to be of major interest, because CD38 is known as a crucial
receptor to initiate adhesion and transmigration of leukocytes
via its counter receptor CD31 [21]. The immediate tansmi-
gration of immunocompetent cells into the CNS is an impor-
tant step to initiate inflammatory processes in the brain-vice
versa while its activity could be inhibited by blocking the
CD31 molecule [22]. In this context, it is necessary to men-
tion that we found similar changes in patients with sensori-
neural hearing loss, where an involvement of immunocom-
petent cells and their transmigration from peripheral blood
in the inner ear is also proposed by us and others [15, 23,
24]. Thus, a pivotal role of PBMC in BP disease may also
be suggested. In this context, we found a significant increase
in percentage of TNF-alpha and CD40 positive cells in the
macrophage subpopulation of patients with BP compared to
healthy subjects. TNF-alpha is known to influence B-Cell
differentiation and immunoglobulin-production [25]. Addi-
tionally, an elevated expression of CD40 on lymphocytes as
well as brain endothelial cells has been described to regulate
cellular adhesion and transmigration [26]. Thus, our findings
could propose an elevated activity of T- and especially B-
lymphocytes in BP leading to an increased extravasation of
these cells, reflected by the significant decrease of lympho-
cytes in patients with BP compared to healthy subjects and
not an immunosuppression with the concomitant reduction
in the T and B-lymphocyte subpopulation.

A concrete trigger and the molecular mechanisms of
the disease remain yet unknown. Moreover, while an edema
of the facial nerve has longer been discussed, recent stud-
ies suggest an asymmetry between the right and left middle
part of the labyrinthine portion to be responsible for a higher
risk of developing BP [27]. Only prednisolone has been de-
scribed to significantly increase clinical recovery of paresis
[28]. Like in other neurological and neurotological diseases
in which the pathogen is unknown, a viral infection was sug-
gested to be responsible for disease induction, because, e.g.
HSV DNA could be found in endoneurial fluid and muscle of
patients with BP [10]. However, new meta-analysis showed
no clinical improvement when using antivirals plus cortico-
steroids compared to steroids alone [29]; thus, unfortunately
the theory of a viral infection is not profoundly endorsed.

The PBMC subpopulation of macrophages showed a
significantly increased percentage of CD40" cells while in all
subpopulations percentage of CD38" cells was significantly
elevated, too. So while the potential for extravasation seems
to be shared by all subpopulation, the potential for inflam-
matory changes seems to be focused on the macrophage sub-
population.

According to our data additional therapeutical ap-
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proaches should focus on the CD40 cascade, on the one hand
inhibiting its inflammatory impact and, on the other hand,
the pro-adhesive aspect mediated by CD38", which may be
responsible for the accumulation of these pro-inflammato-
ry cells close to the facial nerve leading to initiation and/
or progression of inflammation, which consecutively cause
the swelling of the nerve with consequences for the clinical
symptomatic.

Further studies are needed to clarify, whether inhibition
of inflammatory processes in the blood of BP patients may
improve the recovery of the disease and hence, the efficacy
of clinical treatment and outcome.

Our data show new evidence for an involvement of the
immune system in BP by monitoring a pro-inflammatory and
pro-adhesive activation of PBMC in these patients. Since we
found a significant decrease in levels of lymphocytes, an ex-
travasation of proinflammatory PBMC could contribute to
progression of BP and should therefore be subject of further
investigations. Additionally, therapeutic intervention should
address the improvement of BP symptoms with special re-
spect to alterations of percentage of pro-inflammatory and
pro-adhesive protein expressing PBMC subpopulations.

Further studies in this context are promising to address
the expressions of the relevant genes to elucidate possible
pathomechanisms and their potential use to monitor BP ther-

apy.
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