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Háttér és cél – A multifokális motoros neuropathia (MMN)
ritka, immunmediált progresszív betegség, ami kizárólag 
a motoros idegeket érinti. Habár számos tanulmány leírta
az oxidatív stressz szerepét a perifériás neuropathiákban,
MMN-ben még nem vizsgálták ennek a patomechamiz-
musnak a szerepét. 
Módszerek – Tanulmányunkban prospektíven meg ha tá -
roztuk 10 beteg L-arginin-, valamint szimmetrikus és 
aszimmetrikus dimetil-arginin- (SDMA- és ADMA-) szintjét,
melyek az L-arginin/NO útvonal résztvevôi, és szerepet
játszanak mind a krónikus gyulladásban, mind az oxidatív
stresszben. Az L-arginin, az ADMA és az SDMA szérum -
koncentrációját HPLC-vel mértük az intravénás immun-
globulin- (IVIG-) kezelés elôtt és után 10 MMN-es és 
10 egészséges kontrollbetegben. Minden betegnél végez -
tünk elektrofiziológiai mérést és vizsgáltuk az antiganglio -
zid antitestek jelenlétét a szérumban.
Eredmények – Az MMN-es betegeknél szignifikánsan
magasabb az ADMA (p = 0,0048; 0,98 és 0,63) és az
SDMA szérumszintje (p = 0,001; 0,88 és 0,51), mint 
az egészséges kontrolloknál, míg az L-arginin szintjében
változást nem találtunk. Az életkorra mint kovariánsra
kontrollálva (többszörös lineáris regresszióval) az ADMA-
(B = –0,474; p = 0,041) és az SDMA- (B = –0,896; 
p < 0,0005) szérumszintek az MMN szignifikáns predik-
torainak bizonyultak. Az IVIG-terápia szignifikánsan

Background and purpose – Multifocal motor neuropathy
(MMN) is a rare, immune-mediated illness attacking ex -
clusively motor nerves. It is known that oxidative stress is
present in peripheral neuropathies, but it has not been
investigated MMN.
Methods – We measured in our prospective study the 
L-arginine, symmetric and asymmetric dimethylarginine
(SDMA, ADMA) serum concentrations of 10 patients and
10 controls before and after intravenous immunoglobulin
treatment (IVIG), as markers of the L-arginine/NO path-
way involved in chronic inflammation and oxidative stress.
The functions of motor nerves were tested in all patients
and the serum antiganglioside antibody levels were de tec -
ted, as well.
Results – MMN patients showed significantly higher ADMA
(p = 0.0048; 0.98 and 0.63, respectively) and SDMA le -
vels (p = 0.001; 0.88 and 0.51, respectively) than healthy
controls, while L-arginine was not different. Controlling for
the covariant age, ADMA (B = -0.474; p = 0.041) or
SDMA (B = -0.896; p < 0.0005) serum levels proved 
to be the significant predictors of the presence of MMN.
IVIG therapy decreased significantly ADMA concentrations
(p = 0.025; 0.98 and 0.84, respectively) and showed 
a trend to reduce SDMA levels (p = 0.1; 0.88 and 0.74,
respectively). The dimethylamine levels did not correlate
with the number of affected nerves, disease duration, or
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Multifocal motor neuropathy (MMN) is a pro-
gressive, scarce disorder with an estimated

prevalence of < 1:100 0001, 2. Acquired immune-
mediated mononeuropathy exclusively involves
motor nerves; conduction block is typical and can
be detected on electrophysiological examination.
Weakness is focal and asymmetric, typically fol-
lowing the distribution of at least two motor nerves.
It usually starts and preponderates in the upper
extremities with no sensory involvement. The most
commonly used criteria to set up the diagnosis were
developed by the European Federation of  Neu ro lo -
gical Societies and Peripheral Nerve Society3,
including further supportive and exclusion criteria
besides those mentioned above clinical and neuro-
physiological characteristics. 

Nerve dysfunction in MMN has recently been
linked to an antibody-mediated attack of the node
of Ranvier and the paranodal region, resulting in
complement activation. Ganglioside GM1 is most
abundant in the nodal and paranodal regions of the
peripheral motor rather than sensory nerves4.
Significant titers of serum GM1 IgM antibodies are
present in about half of the patients; GM1/galacto-
cerebroside (GM1/GalC) complexes can be detect-
ed in up to 70% of the cases5, 6, aiding the identifi-
cation of MMN patients. Occasionally MMN
patients present with anti-GM2 and anti-GD1b IgM
antibodies. Intravenous immunoglobulin (IVIG) re -
mains the gold standard in the therapy of MMN
patients; responsiveness to this therapy can be help-
ful to support the diagnosis in patients with a clini-
cal phenotype compatible with MMN that do not
show conduction block on electrophysiological
examination. 

As the pathophysiology of MMN and the exact
mechanism of action of the IVIG therapy are not
fully understood7, 8, we searched for additional bio-
markers. Oxidative stress was proven to contribute
to numerous autoimmune disorders9 and peripheral
neuropathies10, leading, among others, to axonal
degeneration11. ADMA is known to inhibit nitric
oxide (NO) production in a concentration-depend-
ent manner12, which blocks NO’s inhibitory effect
on monocyte and leukocyte adhesion and superox-
ide radical release. Although both ADMA and
SDMA levels have been reported to increase in the
state of chronic inflammation13, no data exist for
MMN. Hence, our aim in the present prospective
study was to determine L-arginine, ADMA, and
SDMA levels of MMN patients and to investigate
the effect of IVIg therapy on the L-arginine/NO
pathway. 

Materials and methods

PARTICIPANTS

Ten previously diagnosed and IVIG-responsive
MMN patients were enrolled in the study between
2016 and 2020. All patients (seven males and three
females, mean age 52.8 ± 12.2 years, age range 38-
72 years) fulfilled the Criteria of the European
Federation of Neurological Societies/Peripheral
Nerve Society Guideline for definite multifocal
motor neuropathy3. Disease duration varied bet -
ween three and 16 years (mean 8 ± 4.4 years), and
the elapsed time between disease onset and the
diagnosis of MMN was one-six years. 
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csökkentette az ADMA szérumkoncentrációját (p = 0,025;
0,98 és 0,84) és tendenciát mutatott az SDMA szintjének
csökkentésére (p = 0,1; 0,88 és 0,74). Nem találtunk
összefüggést a dimetil-aminok szintje és az antigangliozid
antitestek jelenléte között. A motoros idegek kondukciós
blokkhoz köthetô motoros funkciózavara javult közvetlenül
az IVIG-kezelést követôen.
Következtetés – A dimetil-aminok szintje emelkedett 
az MMN-betegek szérumában, és csökken IVIG-kezelés
hatására. Ezek az eredmények támogatják az oxidatív
stressz jelenlétét.

Kulcsszavak: multifokális motoros neuropathia; 
biomarkerek, ADMA, SDMA, immunpatogenezis, 
oxidatív stressz, IVIG-kezelés

the presence of ganglioside antibodies. The conduction
block-related peripheral motor dysfunction improved right
after the IVIG treatment.
Conclusion – Dimethylamine levels are elevated in the
serum and are responsive to IVIG therapy in MMN. These
findings support the presence of oxidative stress in MMN.

Keywords: multifocal motor neuropathy, biomarkers,
ADMA, SDMA, immune pathogenesis, 
L-arginine/NO pathway, oxidative stress, IVIG treatment
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Healthy controls were recruited from the staff of
the city university through bulletin board advertise-
ments. Ten age- and sex-matched controls were
selected from the 50 screened individuals (seven
males and three females, mean age 51.6 ± 11.2
years, age range 38-69 years). 

All participants were carefully tested for chronic
medical conditions, which could modify serum
dimethylarginine levels. Healthy controls were free
of any medical conditions. MMN patients had no
comorbidities at the onset of the disease and the
diagnosis, but five patients developed medical con-
ditions that had to be treated before and during the
study period. Clinical data of patients are shown in
Table 1. The study was approved by the Regional
Research Ethics Committee of the Medical Center
University (#47414) in 2017. Patients and controls
signed written informed consent.

EMG/ENG STUDIES

The electrophysiological measurements were per-
formed using the Medtronic Keypoint G4-3 channel
EMG/NCV unit (Alpine Biomed APS, Tonsbakken
16-18., DK-2740 Skovlunde, Denmark). The re cor -
dings of nerve conduction studies (NCS) of periph-
eral nerves were performed with surface electrode
patches attached to the skin, while the electromyo-
graphy (EMG) studies of striated muscles were

done by disposable concentric needles (Natus Neu -
rodiagnostic Supplies).

In diagnosing MMN patients, other electrophys-
iological investigations were performed beyond the
standard MMN protocol to rule out the presence of
any type of motor neuropathy disease that can
mimic MMN. During the follow-up period, each
patient had EMG/NCV study at least once a year
routinely or more times in case of clinical worsen-
ing. 

In the study protocol, each patient underwent
NCV studies twice, on the first day before IVIG
treatment and on the second day after IVIG therapy.
The bilaterally investigated mixed-type nerves were
the following: median nerve, ulnar nerve, radial
nerve, deep branch of the peroneal nerve and tibial
nerve. The temperatures of the limbs were between
32 and 36 °C. On both days, all the electric stimu-
lations were performed at the same place with the
same electric current intensity (mA)/same motor
nerve. ENG (electroneurography) criteria for motor
nerve improvement were as follow: the before and
after treatment amplitude differences of individual
nerves were automatically calculated by the soft-
ware program of the EMG/NCV unit in percentage;
if the post-treatment values of conduction blocks
(CBs) showed decreased amplitude differences of
at least �20% or more, we evaluated it as a positive
response to the treatment.

Ideggyogy Sz 2022;75(11–12):385–393. 387

Table 1. Clinical data of patients with multifocal motor neuropathy (MMN)

Age Gender Chronic Disease Serum IgM Treatment Dose Number Effectiveness
(years) disease duration antiganglioside frequency of treatment of impaired of IVIG

(years) antibody nerves

38 F – 6.5 GM1 2 days/4 weeks 0.5 g/kg 5 +
40 M – 9 GM1, GM2, 2 days/4 weeks 0.5 g/kg 6 +

GD1b
41 M – 7 GM1 2 days/5 weeks 0.5 g/kg 5 +
43 F – 16 GM1, GM2, 2 days/4 weeks 0.5 g/kg 6 +

GQ1b
52 M – 10 GM1 2 days/4 weeks 0.5 g/kg 3 +
54 M Hypertension 

Hyperlipidemia 3 GM1 2 days/4 weeks 0.5 g/kg 4 +
59 F Hypercholes-

terolemia 4 GM1 2 days/4 weeks 0.5 g/kg 5 +
60 M Mild overweight 

Hypertension 
Hypothyroidism 9 GM2, GD1b, 2 days/4 weeks 0.5 g/kg 6 +

GD2,3 
69 M Hypertension 2 – 2 days/4 weeks 0.5 g/kg 2 +
72 M Hypothyroidism, 

OSA 13 – 2 days/4 weeks 0.5 g/kg 7 +

At the onset of MMN, all patients were free of any medical comorbidity, and all later developed comorbidities were treated in the study period. List of
abbreviations: F: female, M: male, IVIG: intravenous immunoglobulin, OSA: obstructive sleep apnea  
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IVIG TREATMENT

In the follow-up period, the dosage and frequency
of IVIG treatments fit the clinical symptoms. In the
study period, all patients received IVIG therapy
(Human Intravenous Immunoglobulin, 10% liquid,
manufactured by CSL Behring AG and distributed
by CSL Behring LLC, Germany) with a frequency
of 2 consecutive days/4 weeks in a 0.5 g/kg daily
dose that proved to be effective without adverse
effects. Regarding fine hand movements and limb
strength, MMN patients were asked to evaluate the
effectiveness of IVIG treatment.

LABORATORY PARAMETERS

Fasting blood samples were taken for L-arginine
and dimethylarginine serum concentrations by ve -
nipuncture from the antecubital vein of all partici-
pants. Samples of all enrolled patients were collec -
ted on the first day of treatment before the first dose
of IVIG and the second day of treatment after the
last dose of IVIG. ADMA, SMDA, and L-arginine
serum levels were determined using high-perfor -
mance liquid chromatography with the internal
standard of L-homoarginine, as described in detail
elsewhere14. The findings of ADMA, SDMA, and
L-arginine serum levels are summarized in Table 2. 

According to the instruction manuals, antigan-
glioside antibodies (IgM isotypes) were detected
from the sera of the patients using commercially
available kits (Generic Assays, Germany). The
measurements were performed manually and by
automated determination. Findings can be found in
Table 1. 

STATISTICAL ANALYSES

Statistical analyses were performed using IBM
SPSS Software 20.0 (IBM Corp., Armonk, NY).
First, the distribution of all study variables (for con-
trols and patients before and after IVIG therapy)
was investigated by applying the Kolmogorov-
Smirnov Test. 

Univariate analyses: differences in continuous
va riables (age, L-arginine, ADMA, SMDA) bet -
ween patients and controls were compared using In -
dependent-Samples T-Test, and changes in lab va -
riables in patients after versus before IVIG therapy
(L-arginine, ADMA, SMDA) were assessed with
Paired-Samples T-Test.

Multivariate analyses: we tested predictors of L-
arginine, ADMA, and SMDA levels by applying
stepwise multiple linear regression analyses. Age
was included as an independent variable along with
the grouping variable (patient vs control or patients
before and after treatment) and L-arginine, ADMA,
and SMDA as the dependent variable. The assump-
tions of multiple linear regression were satisfied as
judged by testing for linearity and normality and
after excluding outliers (ADMA 1 Patient, SDMA 2
Patients).

Finally, we carried out Pearson’s correlation to
control for internal dependencies among the three
laboratory parameters (L-arginine, ADMA,
SMDA) in patients and controls; and to analyze
possible correlations in patients among the lab men-
tioned above variables and the presence of anti -
gang lioside antibodies, the number of impaired
motor nerves and disease duration. The level of sta-
tistical significance was set as p < 0.05.

Table 2. Fasting serum L-arginine, asymmetric and symmetric dimethylarginine (ADMA, SDMA) levels (µmol/L) of patients
with multifocal motor neuropathy (MMN) before and after intravenous immunoglobulin treatment and of healthy controls

Sex Age MMN MMN MMN MMN MMN MMN Control Control Control Sex Age
L-arginine L-arginine ADMA ADMA SDMA SDMA L-arginine ADMA SDMA
Before After Before After Before After

F 38 104.204 88.01 1.254 1.077 0.843 0.769 87.162 0.6 0.476 F 38
M 40 104.193 117.816 0.863 0.737 0.925 0.826 123.792 0.71 0.529 M 38
M 41 76.751 60.464 0.469 0.515 1.141 0.725 73.904 0.632 0.501 M 42
F 43 86.544 84.211 1.027 0.948 0.729 0.681 90.174 0.57 0.513 F 43
M 52 143.641 118.172 0.725 0.493 0.697 0.602 120.558 0.702 0.477 M 52
M 54 52.18 145.02 0.615 0.526 0.658 0.634 129.612 0.507 0.524 M 53
F 59 121.812 101.017 2.044 1.472 1.472 0.809 118.833 0.672 0.509 F 56
M 60 113.442 121.176 1.079 0.982 0.818 0.808 109.18 0.722 0.583 M 59
M 69 141.19 137.13 0.593 0.52 0.818 0.739 121.753 0.523 0.488 M 66
M 72 126.901 97.501 1.328 1.095 0.774 0.838 131.955 0.634 0.478 M 69
Mean 52.8 107.085 107.051 0.999 0.836 0.887 0.7431 110.693 0.627 0.507 51.6
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Results

ADMA, SDMA, AND L-ARGININE LEVELS IN MMN PATIENTS

Before treatment, serum concentrations of ADMA
proved to be significantly higher (p = 0.0048) in
MMN patients (0.99 ± 0.48) than in healthy con-
trols (0.63 ± 0.08) (Table 2, Figure 1). Similarly,
we found significantly elevated serum concentra-
tions of SDMA before treatment (p = 0.001) in
patients (0.88 ± 0.25) versus controls (0.51 ± 0.03)
(Table 2, Figure 1). Controlling for the covariant
age with stepwise mul tiple linear regression, no
change in the significance pattern could be ob -
served; ADMA (B = -0.474; p = 0.041) or SDMA
(B = -0.896; p < 0.0005) serum levels remained sig-
nificant predictors of the presence of MMN. We
could not find a significant difference in L-arginine
levels between patients (107.1 ± 28.9) and controls
(110.7 ± 200).

EFFECT OF IVIG THERAPY ON SERUM LEVELS OF ADMA,

SDMA, AND L-ARGININE

After IVIG therapy ADMA levels were significant-
ly reduced in MMN patients (p = 0.025; 0.99 ±
0.48 and 0.84 ± 0.33, respectively) (Table 2,
Figure 1); SDMA levels also showed a trend
towards decrease (p = 0.1; 0,88 ± 0.25 and 0.74 ±
0.08 respectively); how ever, it did not reach signi -
ficance (Tab le 2, Figure 1). 

Furthermore, ADMA levels were positively
correlated with SDMA levels in all participants as
before treatment (R = 0.659; p = 0.002) as well as
in patients after treatment (R = 0.636; p = 0.048).
No significant correlation was found among all

lab variants and age before treatment and among
age, L-arginine and dimethylarginine after treat-
ment.

IVIG therapy does not seem to influence serum
L-arginine concentrations significantly (after IVIG
107.1 ± 25.8).

Being a progressive disorder, as expected, the
number of affected nerves correlated with the dis-
ease duration of MMN (R = 0.679; p = 0.031).
Nevertheless, we found that L-arginine, ADMA,
and SDMA levels did not correlate with the number
of affected nerves, disease duration, or the presence
of ganglioside antibodies.

ENG FINDINGS

All patients reported better motor function after
IVIG treatment. Altogether 49 peripheral motor
nerves were found with conduction block (CB),
typical for MMN pathology. Out of them, 37
(75,5%) nerves responded well to IVIG treatment
(≥20% improvement of the amplitude increment).
There was no patient with worsening (Table 1,
Figure 2).

DISCUSSION

We demonstrated elevated serum concentrations of
ADMA and SDMA along with normal L-arginine
concentrations in MMN patients and reduced
ADMA and SDMA after IVIG therapy. Nitric oxi de /
nit rogen monoxide (NO) is produced by endothelial
cells and plays a crucial role in neuroprotection. L-
arginine is a natural amino acid and is NO’s pri-
mary precursor. Regulation of NO production is not
limited by circulating L-ar gi nine but by intracellu-
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Figure 1. Asymmetric and symmetric dimethylarginine (ADMA and SDMA) serum concentrations in MMN patients
and controls, as well as before and after IVIG treatment in MMN patients. Whiskers are set at minimum and maxi-
mum, the horizontal line represents the median, and the box depicts the interquartile range (25-75%). Outliers are
marked with a circle. Significant differences between groups are indicated by a * on the plots
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lar substrate and co-factor availability, NOS activa-
tion by phosphorylation, and inhibition of NOS by
the endogenously methyla ted L-arginine derivate
ADMA14. Di me thylarginines naturally occur in hu -
man plasma and are formed during the proteolysis
of methylated proteins. ADMA is a known media-
tor of oxidative stress via the concentration-de -
pendent suppression and uncoupling of nitric oxide
synthase (NOS)15, meaning that the oxidation of L-
arginine to NO is incomplete, molecular oxygen
acts as an electron acceptor, leading to su per oxide
radical (SOR) production. This process increases
the expression of genes me diating inflammatory
response16. In turn, inflammation promotes the
activity of protein arginine me thyl transferases and
impedes that of di me thylarginine dimethylamino-
hydrolases (DDAHs)17, which are responsible for
the metabolism of ADMA, leading to elevated
dimethylarginines18 and reinforcing the vicious
circle.  

SDMA, the structural isomer of ADMA, has no
direct inhibitory effect on NO production but
blocks competitively cellular L-arginine uptake, in -
directly influencing NO’s bioavailability by dimin-
ishing substrate availability19. SDMA also triggers

inflammation by enhancing the production of reac-
tive oxygen species (ROS) in vitro by modulation
of stored-operated calcium channels20. When an
overload of free radicals (reactive oxygen species –
ROS) cannot gradually be destroyed, their accumu-
lation in the body generates a phenomenon called
oxidative stress. Under oxidative stress conditions,
ROS production is dramatically increased, resulting
in subsequent alteration of membrane lipids, pro-
teins, and nucleic acids21. Excessive production of
ROS leads to the oxidative post-translational modi-
fications of proteins. These may result in neoepi-
topes pinpointed by the immune system as antigens
and persuade the formation of autoantibodies9

(Figure 3). 
B cells and autoantibodies play a vital role in the

pathogenesis of autoimmune peripheral nerve dis-
eases. Autoantibodies against peripheral nerve mol-
ecules such as gangliosides, proteins of the Ranvier
node, or myelin-associated glycoprotein have been
described, allowing the identification of subgroups
of patients with specific clinical phenotypes. The
T cell activation process includes co-stimulatory
molecules and key cytokines and discusses the role
of antibodies against peripheral nerve glycolipids or

Figure 2. A 69-year-old MMN patient with nerve conduction velocity (NCV) study. Figure 2A shows severe conduc-
tion block (CB) before IVIG treatment, while the posttreatment measurements demonstrate complete recovery (2B)

385-393 patzko-pfund_UJ ISZ TUKOR ALAP.qxd  2022. 11. 16.  14:39  Page 390

Az alábbi dokumentumot magáncélra töltötték le az eLitMed.hu webportálról. A dokumentum felhasználása a szerzôi jog szabályozása alá esik.



Ideggyogy Sz 2022;75(11–12):385–393. 391

glycoproteins. Special attention is given to the newly
identified proteins in the nodal, paranodal, and juxta-
paranodal regions as potential antigenic targets that
could best explain conduction failure and rapid
recovery. Cellular and humoral factors, independent-
ly or in concert with each other, play a role in the
cause of these neuropathies. Although in some of
them, there is direct evidence for autoimmune reac-
tivity mediated by specific antibodies or autoreactive
T lymphocytes, in others the underlying immune-
mediated mechanisms have not been fully elucidated
despite good response to im mu no therapies22.

Furthermore, recent research suggests that the
blockage of NOS aggravates the inflammatory res -
ponse independently from ROS production. NOS
would help limit immune response and contribute
to the resolution of inflammation. Various func-
tions of NOS include, among others, the downregu-
lation of leukocyte recruitment23, 24; the blockage of
leukocyte adhesion and transendothelial migra-
tion25, 26; the inhibition of T cell expansion in lymph
nodes, the restriction of Th1 responses, the stimula-
tion of apoptotic cell death in myeloid and lym-
phoid cells (e.g., effector memory T cells)26, 27.

Elevated ADMA and SDMA levels are tied up
with an increased cardiovascular risk and morta -
lity28 and can be found in several renal, pulmonary,
cancer, and neurological conditions29. In diabetic
neuropathy, the link with increased ADMA levels
is more likely to be based on microvascular comp -
lications30.

Oxidative stress is a common factor of various
polyneuropathies10 and has been shown to lead to

axonal degeneration. Secondary axonal
loss is cha racteristic of MMN and corre-
lates with clinical disability. We could
not find a direct correlation between ele-
vated ADMA levels and disease dura-
tion or the number of affected nerves.
Therefore, ADMA does not seem to
reflect axonal degeneration due to
oxidative stress simply but acts more
sophisticatedly. A recent publication
reported elevated CSF ADMA levels in
ALS (amyotrophic la teral sclerosis)
patients versus controls, and ADMA
was a predictor of axonal loss and dis-
ease prog ression31.

In contrast, another publication
reported significantly decreased CSF
ADMA concentrations in ALS
patients32. Thus, the current state of
research does not allow to differentiate
MMN from its mimic exclusively
based on this parameter. Out of ten

patients, IgM antiganglioside antibodies were
detected in eight cases. Increasing evidence sug-
gests that antiganglioside antibodies play a patho-
genic role in MMN. Anti-GM1 IgM antibodies iso-
lated from sera of MMN patients have been shown
to bind GM1 and active complement in vitro33.
IVIG was able to taper the complement deposition
in a dose-dependent manner. In peripheral motor
nerves, the complement-mediated damage has been
affirmed to take place at the nodes of Ranvier. 

IVIG is effective in treating MMN based on con-
trolled studies34 and significantly reduced ADMA
levels in our patients. It comprises IgG antibodies
pooled from the serum of thousands of donors.
Despite its broad efficacy, its ways of action are
still not clear. Cellular and molecular pathways that
may be connected to the IVIG-mediated immuno-
suppression in autoimmune neurological disorders
include the blockage of autoantibodies, B cells,
complement deposition, T-cell activation factors,
Fc-receptors on macrophages, cytokines, che mo -
kines, and adhesion molecules8. In MMN, the
blockage of the complement system seems to be the
key regulator. IVIG repressed the in vitro comple-
ment activation, implying that in vivo the conse-
quential reduction in membrane attack complex
(MAC)-mediated injury results the recovery of
muscle strength. Even the serum of MMN patients
without anti-GM1 antibodies induced IgM binding
and complement activation to motor neurites. When
pre-treated with IVIG, this process was consider-
ably damped35. Complement component C1q and
C4 concentrations were markedly reduced in the

Figure 3. The role of elevated dimethylamine levels in the vicious circle
of oxidative stress and inflammation

ADMA: asymmetric dimethylarginine, SDMA: symmetric dimethyl -
arginine, DDAH-2: dimethylarginine dimethylaminohydrolase-2, NO:
nitric oxide, ROS: reactive oxygen species
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serum of MMN patients who reached clinical
remission on IVIG maintenance therapy33, 36. Thus,
the reduction of dimethylamines in our patients
might be due to the fact that IVIG limits the posi-
tive feedback of inflammation and oxidative stress
directly or through effects on neurotransmission. It
was also reported that IVIG therapy is associated
with scavenging reactive oxygen species in oxida-
tive stress35.

STUDY LIMITATIONS AND FUTURE DIRECTIONS

The study population of MMN patients was rela-
tively small due to the rarity of this disease. We
cannot completely exclude the effect of chronic dis-
eases (e.g., hypertension, hyperlipidemia; Table 1)
and medication on dimethylarginine levels. Ne ver -
theless, patients were successfully treated for their
other medical conditions, which should normalize
changes in ADMA levels resulting from other dis-
eases to a certain extent. Some drugs, such as
statins, angiotensin-converting enzyme inhibitors,
and angiotensin receptor blockers, lower dimethyl -
arginine levels34. This effect would somewhat com-
pensate for or mask even higher dimethylarginine
levels in our patients. 

Moreover, after detecting changes in this pilot
study, the expansion of the control group, including
mimics of MMN (ALS, other pure motor neu-
ropathies) and disorders associated with changes in
the dimethylamine pathway, is desirable. 

Repeated measurements or serial studies could
further explain the mechanisms of changes in
ADMA and SDMA levels. These steps could help

decide whether dimethylamine levels are helpful
parameters to test in connection with the known
markers of MMN for the differential diagnosis and
progression.

CONCLUSION

MMN is a slowly progressive autoimmune disease,
and its cause is unknown. We investigated MMN
patients and found elevated serum levels of di me -
thylarginines. IVIG therapy decreased the serum
level of vascular oxidative stress markers ADMA
and SDMA and effectively improved the conduc-
tion block-related peripheral motor dysfunction
right after the treatment. Further experimental m o -
dels are needed to decide how dimethylarginines
are linked to the disease pathomechanism and
changed by IVIG treatment.
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