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Ineke van Kleef-Peters. Gelukkig is de laatste jaren de bekendheid van ALS bij het 

publiek zeer sterk toegenomen. Door de velen acties en campagnes van o.a. 

Stichting ALS Nederland, kennen de meeste mensen de ziekte nu wel. Ook heeft 

sociale media, o.a. Facebook en diverse Forumsites er aan bijgedragen dat 

lotgenoten elkaar gevonden hebben, informatie en tips delen, maar vooral elkaar 

steunen door dik en dun. Helaas altijd met het verdrietige moment als er weer een 

lotgenoot is overleden of heeft gekozen voor levensbeëindiging omdat de periode 

aan het einde van een ALS patiënt vaak ondragelijk is. 

Zelf heb ik (nu 51 jaar) 3 jaar de diagnose. Mijn broer (nu 52 jaar) leeft nu 9 jaar met 

ALS. 

Het Nichtje (nu 66 jaar) leeft nu 7 jaar met ALS. Hoewel ieder persoon met ALS 

anders is en het verloop zeer moeilijk te voorspellen is blijven wij kracht vinden in het 

motto: “Niet kijken naar wat niet meer lukt maar kijken wat wij nog wel kunnen”. Voor 

ons een manier om toch positief te blijven. 

 

https://www.als.nl/voor-patient/het-verhaal-van/
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Abstract  

Introduction. Amyotrophic lateral sclerosis (ALS) is a rapidly progressive motor 

neuron disease. Activated complement products including the membrane attack 

complex (MAC) are found in serum, cerebrospinal fluid, spinal cord, motor cortex and 

at the neuromuscular junction of SOD1G93A mice and ALS patients. Inhibiting 

membrane attack complex (MAC) formation facilitates axonal regeneration and 

recovery. Therefore we tested whether inhibition of MAC formation affects the 

disease progression in the SOD1G93A mouse model of familial ALS. 

Methods. Female (n=32) and male (n=32) SOD1G93A mice were dosed 

subcutaneously with either a complement factor 6 (C6) RNA antagonist (C6-ODN) or 

Phosphate Buffered Saline (PBS). Treatment started at day 50 and the experiment 

was terminated at day 180. Male SOD1G93A mice have 10-fold higher levels of C6 

compared to female SOD1G93A mice. Mice were continuously treated with 1mg/kg/day 

of C6 ODN using an osmotic minipump. The weight, onset, survival and neurological 

severity scores were assessed.  

Results. Female SOD1G93A mice treated with C6 ODN showed a lower neurological 

severity score compared to the vehicle controls (p=0.002). The male SOD1G93A 

transgenic mice, who had high endogenous expression of C6, the disease onset, 

survival and neurological severity in the C6 ODN treated group progressed in the 

same manner as the vehicle control (p=0.826, p=0.891 and p=>0.998 respectively). 

Combined, the male and female C6 ODN treated SOD1G93A mice together 

progressed in a manner that was not significantly different from the vehicle control 

animals (p=0.20).  

 

Conclusion. In general this data shows that C6 ODN treatment in female SOD1G93A 

mice who already have low endogenous levels of C6 shows reduced neurological 

severity and a trend towards delayed onset of disease. 

Keywords:  Amyotrophic lateral sclerosis, Complement factor C6, antisense oligonucleotide, 

SOD1
G93A

 mouse
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Introduction 

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder 

characterized by a progressive loss of both upper and lower motor neurons, but the 

fundamental processes that lead to the death of neurons are also not fully 

understood [1]. 

Studies have established an earlier role for the adaptive and innate immune systems 

in the onset and progression of ALS [2-6].   

The complement system, a key component of innate immunity, helps the body to kill 

pathogens and remove dead cells after physiological turnover or injury [7, 8]. 

Complement activation and amplification occurs on the outside of the target cell. The 

processes starts by the binding of molecules of the classical, alternative, or lectin 

pathways [9]. The classical pathway targets antigen-antibody complexes, viruses, 

gram negative bacteria and apoptotic cells [7]. The mannose-binding lectin pathway 

binds polysaccharide and destroys pathogens. The alternative pathway gets 

activated by spontaneous hydrolysis of Complement component 3 (C3) and plays an 

important role in the immune surveillance of tumors. All the three pathways merge 

into a final common pathway and results in the formation of the membrane attack 

complex (MAC), a pore forming conformation, which consists of C5b, C6, C7, C8, 

and a number of C9 molecules [10]. Because of the capacity of complement to cause 

harm to self tissue, activation of the pathways is tightly controlled by regulators. 

These regulators permit elimination of pathogens or dead cells without injuring the 

host. When this balance is disrupted, complement activation causes injury and 

contributes to pathology in various diseases.  

 

We have shown that the MAC damages axons in an acute peripheral nerve crush 

model, [11] the natural regulator, CD59, of the MAC protects axons from early 

degeneration [12]. This neuroprotective effect can also be achieved with inhibitors of 

complement activation. It has also been established that administration of 

complement inhibitory therapeutics accelerates nerve regeneration and functional 

recovery [13]. Activation of complement resulting in the formation of the MAC is a key 

determinant of post-traumatic neuroaxonal loss in the CNS, as demonstrated by 

studies of traumatic CNS injury in man [14, 15] and animal models [16-18]. In 

addition, complement activation has been linked to the pathogenesis of a number of 

neurodegenerative diseases including Alzheimer’s disease, Parkinson’s disease and 

multiple sclerosis [19].  

A role for complement in the pathogenesis of ALS in man is also suggested by the 

presence of complement activation products, including C3c, C3d, C4d and C3dg, in 

spinal cord and motor cortex, and in elevated concentrations in serum and CSF [20-

23]. 

mRNA and protein levels of the classical pathway of C (C1q and C4) and 

downstream components (C3 and MAC) are elevated in spinal cord and motor cortex 

of patients with sporadic ALS [6]. In murine ALS models, C1q and C4 are 

upregulated in motor neurons [24, 25], whereas C3 is upregulated in the anterior 

horn areas containing motor neuron degeneration [26]. In addition, we showed that 

complement is activated at the neuromuscular junction of the SOD1G93A mouse 

model of familial ALS at pre-symptomatic stage and before axonal damage is 

detected, suggesting that complement activation precedes neurodegeneration of 

synapses in this model [27]. In post-mortem intercostal muscle of ALS patients we 
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also showed complement deposited at the neuromuscular junctions before they were 

lost, suggesting an early role for complement in the disease [28].  

These data suggest that activation of the complement system occurs early in the 

disease process and persists while disease progresses. In this way it is could be a 

continuous source of neuroinflammation. Like in other neurological diseases we 

propose that MAC is involved in causing secondary damage driving the progressive 

loss of motor neuron function. Therefore, we used a Locked Nucleic Acid (LNA) 

modified oligonucleotide that uses antisense principles to target the mRNA of C6 (C6 

ODN), one of the proteins necessary to form the MAC. Here, we tested whether 

targeting complement C6 and thus inhibiting MAC formation results in a delay of 

disease progression in a murine model of familial ALS. We expected to find a delay in 

the disease progression and a lower neurological severity score in the C6 ODN 

treated SOD1G93A mice compared to the controls.  

 

Material and Methods 

 

Mice 

All the animal experiments were carried out by ALS Therapy Development Institute 

(ALSTDI) after prior approval from ALSTDI Institutional Animal Care and Use 

Committee and in accordance with approved institutional protocol.  

Female and male SOD1G93A mice (strain name B6SJL-Tg (SOD1-G93A)) were 

obtained from The Jackson Laboratory (‘JAX’, Bar Harbor, Maine) and bred by JAX. 

This mixed hybrid SOD1G93A colony was kept by breeding a B6/SJLTg (SOD1G93A) 

male to B6/SJL F1 female mice. To check for presence of the copynumber of the 

transgene in the progeny, tail biopsies were collected by the breeder from 14-day-old 

pups, then PCR-genotyped (according to JAX copy number protocol) [29]. 

Transgenic mice are shipped at age 35–45 days, allowing at least a week to 

acclimatize to the facility (a 12-h light/ dark cycle).  

 

C6 antisense oligonucleotide synthesis  

The C6 Locked Nucleic Acid (LNA) oligonucleotides were synthesized with 

phosphorothioate backbones and 5-methyl cytosine residues (medC) by Ribotask 

(Odense, Denmark) on a Mermade 12™, using 2g NittoPhase™ (BioAutomation). All 

oligonucleotides were HPLC purified (> 90%). C6 oligonucleotide (C6 ODN): 5’A A C 

t t g c t g g g A A T 3’ LNA in capital letters and DNA in lowercase. 
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Dose testing and qPCR for C6 

Firstly, we tested the affective dose for downregulating C6 mRNA in male and female 

SOD1G93A mice. Male and female SOD1G93A mice were dosed subcutaneously using 

Alzet osmotic mini pumps (the pump doses 0.11 µl per hour for 28 days) (model 

1004; DURECT Corporation, Cupertino, CA 95014) with either 1mg/kg, 2mg/kg, 

3mg/kg of C6 ODN or Phosphate Buffered Saline (PBS) for 28 days (each group n=3 

per gender/dose of treatment). qPCR for C6 was performed on the liver to determine 

the amount of C6 inhibition by the drugs. RNA from the liver of C6 LNA-DNA -

wingmer treated mice or controls was isolated using Trizol according to the 

instructions of the manufacturer (Invitrogen). cDNA was generated using oligo-dT 

primer and SuperScriptII enzyme (Invitrogen). qPCR was performed using Universal 

probe primers (Roche) and a Lightcycler 480 (Roche). Primers specific for C6 were 

used (C6-forward 5’-CAGAGAAAAATGAACATTCCCATTA; C6-reverse 5’-

TTCTTGTGGGAAGCTTTAATGAC). Amplification of C6 mRNA was quantified using 

LightCycler software (Roche Diagnostics). Values were normalized to the 

housekeeping gene Hypoxanthine-guanine phosphoribosyltransferase (HPRT-

forward 5’ GGTCCATTCCTATGACTGTAGATTTT; HPRT-reverse 5’-

CAATCAAGACGTTCTTTCCAGTT). All reactions were done in quadruplicate and 

qPCR conditions were as standard recommended by the manufacturer (Roche). 

 

Effect of C6 treatment on blood parameters 

In addition to the liver for qPCR (previous paragraph) also blood samples were 

collected from each mouse in ethylene diamine tetra-acetic acid (EDTA) tubes. The 

concentration of red blood cells (RBC), Hemoglobin (Hb), Hematocrit (HCT) and 

 

Mean Corpus Volume (MCV) and other parameters in the blood were measured 

using the Sysmex XE-5000 Automated Hematology System (SYSMEX AMERICA, 

INC.) according to manufacturer procedure.  

 

Experimental design 

Secondly, we tested in another experiment whether inhibition of C6 in female and 

male SODG93A slowed the progression of the disease. The design of the SODG93A 

experiment was previously described by Scott et al. 2008 [29]. Briefly, mice are 

separated into treatment and vehicle cohorts at age day 45. To ensure minimal 

variability between cohorts, each cohort is defined by the following constraints: 

balanced for gender, males (n=32) and females (n=32); age-matched; littermate 

matched. Littermates are defined as offspring of the same non-transgenic dam and 

transgenic sire, born on the same day. Specifically, each male (and female) in the 

treatment group has a littermate brother (and sister, respectively) in vehicle group; 

bodyweight balanced. The weights of each mouse are recorded at day 50; the 

average weight is determined for males and females separately. 

This study was performed blinded. Treatment with 1 mg/kg/day of C6 ODN started at 

day 50, when the animals did not yet exhibit any sign of motor dysfunction 

(presymptomatic stage). However, at is this stage, complement deposition is already 

detected at the neuromuscular junctions of the SODG93A mice [27]. Administration of 

the drugs was performed subcutaneous by osmotic minipumps. Each mouse was 

weighed and neurological score of both hind legs were assessed daily during this 

study. The neurological score employed a scale of 0 to 4 that was developed by 

observation at ALSTDI [29], with 0 representing normal, 1 representing mild defect, 2 
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moderate, 3 strong and 4 paralysis of hind limb. Date and cause of death are 

recorded for each mouse. To determine ‘survival’ reliably and humanely, an artificial 

endpoint is used, defined by the inability of a mouse to right itself in 30 seconds after 

being placed on its side. The moribund mice are scored as ‘Died of ALS’, and are 

euthanized. 

 

Statistical analysis 

All data were analyzed using SPSS statistics 23 package (SPSS Inc, Chicago, USA) 

for Windows. The data is presented as the standard deviation of the mean. Kaplan-

Meier survival and onset curves were compared using the log rank test. For the 

longitudinal analysis of repeated measurements of clinical scores in time the non-

linear mixed model analyses was used. For comparison of more than two groups 

One way ANOVA with Bonferroni multiple comparison post hoc test was used. 

Significance was determined as p < 0.05. 

 

Results  

Dose testing 

We first tested the effect of escalating doses of the C6 ODN on blood parameters 

and C6 mRNA levels in the SOD1G93A mice. In the SODG93A strain used, the female 

mice have 10 times lower C6 levels than males and at the same dose, they are thus 

more effectively depleted of C6 as compared to male mice. Eight-10 weeks old male 

and female SOD1G93A mice (before disease onset) were dosed subcutaneously using 

Alzet osmotic mini pumps (the pump doses 0.11 µl per hour for 28 days) with either 1 

mg/kg/day, 2 mg/kg/day or 3 mg/kg/day of C6 ODN and the controls were dosed with 

PBS for 28 days. The effect of treatment on C6 mRNA levels in liver was analyzed by 

qPCR.  

This showed that 1mg/kg/day of C6 ODN treatment results in more than 70% 

reduction of C6 in the female SOD1G93A mice (Mean vehicle control 0.099 standard 

deviation 0.021 versus mean 1mg/kg/day C6 treatment 0.034 standard deviation 

0.012] (Figure 1A) and only 30% reduction in male SOD1G93A mice (Mean vehicle 

control 1.159 standard deviation 0.329 versus mean 1mg/kg/day C6 treatment 0.795 

standard deviation 0.208] (Figure 1B).  

Treatment with 2mg/kg/day of C6 ODN treatment resulted in almost a complete 

knock down of C6 in female SOD1G93A mice (Mean vehicle control 0.099 standard 

deviation 0.021 versus mean 2 mg/kg/day C6 treatment 0.014 standard deviation 

0.007] (Figure 1A) and more than 80% reduction of C6 in male SOD1G93A mice 

(Mean vehicle control 1.159 standard deviation 0.329 versus mean 2 mg/kg/day C6 

treatment 0.199 standard deviation 0.055] (Figure 1B).  
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Results  
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Figure 1. C6 qPCR of SOD1
G93A

 mice treated with C6 ODN. Female and male SOD1
G93A

 mice were 

subcutaneously treated with either 1mg/kg, 2mg/kg or 3mg/kg of C6 ODN for 28 days to test the 

amount of C6 inhibition compared to the controls that were treated with PBS (each group n=3). After 

treatment the liver was analyzed for C6 levels by qPCR. C6 mRNA levels in male SOD1
G93A

 mice were 

found to be 10 folds higher than female SOD1
G93A

 mice (note the x-axis). The results show that (A) 

1mg/kg/day of C6 ODN results in more than 70% reduction of C6 in the female SOD1
G93A

 mice, (B) 

while in the male SOD1
G93A

 mice 2mg/kg of C6 ODN results in a reduction of more than 80%. Error 

bar indicates standard deviation of the mean. 

 

 

We also tested the effect of C6 ODN treatment on blood parameters. A details 

analysis of blood parameters showed that concentrations of 3 mg/kg/day of treatment 

lowered the count of red blood cells (RBC) (mean PBS 9.27 M/µl standard deviation 

0.36 versus mean C6 treated 7.2 M/µl standard deviation 0.5; p<0.0001] (Figure 2A), 

hemoglobin (Hb) (mean PBS 12.4 g/dL standard deviation 0.7 versus mean C6 

treated 9.4 g/dL standard deviation 0.5; p<0.0001]  (Figure 2B), hematocrit (HCT) 

(mean PBS 43.1% standard deviation 3.2 versus mean C6 treated 33.8 % standard 

deviation 2.6; p=0.0003] (Figure 2C) in the C6 antagonist treated SOD1G93A mice 

compared to the PBS treated control group. The red cell distribution width (RDW) and 

neutrophils (NEU) counts were also lower in this group compared to the PBS treated 

group (p= 0.0003 and p= 0.0039, respectively) (see table 1). Moreover, the levels of 

mean corpuscular hemoglobin (MCH) and Mean corpuscular hemoglobin 

concentration (MCHC) were slightly lower in the SOD1G93A mice compared to the 

PBS treated control group, but the difference was not statistically significant (p= 

0.053 and p=0.056, respectively) (see table 1). In contrast, the percentage of 

lymphocytes increased significantly in the mice that were treated with 3 mg/kg/day of 

the C6 ODN compared to the PBS control group (p=0.027). However, the percentage 

of The Mean Corpus Volume (MCV) (Figure 2D) and other clinical chemistry 

parameters were unaltered (see table 1). 

In view of the effect on RBC we decided to start with 1 mg/kg/day of C6 ODN 

treatment.  
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Figure 2. Slightly lowered the concentration of red blood cells during treatment with C6 ODN in 

SOD1
G93A

 mice. Treatment of male and female SOD1
G93A

 mice with 2 or 3 mg/kg/day of C6 ODN 

(each group n=6) shows a slightly decrease in the levels of (A) Red blood cells (RBC), (B) Hemoglobin 

(Hb), (C) Hematocrit (HCT) and (D) Mean Corpus Volume (MCV) counts compared to vehicle controls. 

This effect is not measured in treatment of SOD1
G93A

 mice with 1 mg/kg/day of C6 ODN. Error bar 

indicates standard deviation of the mean.  

 

Tabel 1. Blood parameters of C6 ODN (3 mg/kg/day) and PBS treated SOD1
G93A

 mice. 

 

 

 

 

Parameter Treatment N Mean SD SEM P value 

Neutrophils (K/uL) PBS 6 1,66 0,30 0,12   

Neutrophils (K/uL) C6 antagonist 6 1,06 0,25 0,10 0,0039 

Lymfocytes (%) PBS 6 77,99 4,61 1,88   

Lymfocytes (%) C6 antagonist 6 83,69 2,85 1,16 0,0277 

Neutrophils (%) PBS 6 16,45 5,60 2,29   

Neutrophils (%) C6 antagonist 6 10,74 2,79 1,14 0,0493 

Red blood cells (M/uL) PBS 6 9,27 0,36 0,15   

Red blood cells (M/uL) C6 antagonist 6 7,20 0,50 0,21 <0.0001 

Hemoglobin (g/dL) PBS 6 12,4 0,7 0,3   

Hemoglobin (g/dL) C6 antagonist 6 9,4 0,5 0,2 <0.0001 

Hematocriet (%) PBS 6 43,1 3,2 1,3   

Hematocriet (%) C6 antagonist 6 33,8 2,6 1,1 0,0003 

Mean corpuscular hemoglobin  (pg) PBS 6 14,6 2,0 0,8   

mean corpuscular hemoglobin  (pg) C6 antagonist 6 12,7 0,7 0,3 0,0532 

Mean corpuscular hemoglobin concentration  (g/dL) PBS 6 30,2 4,0 1,6   

Mean corpuscular hemoglobin concentration  (g/dL) C6 antagonist 6 26,6 1,0 0,4 0,0568 

Red cell distribution width  (%) PBS 6 18,0 0,3 0,1   

red cell distribution width  (%) C6 antagonist 6 16,7 0,5 0,2 0,0003 

White blood cells (K/uL) PBS 6 10,60 2,11 0,86   

White blood cells (K/uL) C6 antagonist 6 10,00 1,51 0,62 0,5843 

Lymfocytes (K/uL) PBS 6 8,33 2,08 0,85   

Lymfocytes (K/uL) C6 antagonist 6 8,37 1,35 0,55 0,9705 

Monocytes (K/uL) PBS 6 0,44 0,13 0,05   

Monocytes (K/uL) C6 antagonist 6 0,46 0,13 0,05 0,8781 

Eosinophils (K/uL) PBS 6 0,13 0,08 0,03   

Eosinophils (K/uL) C6 antagonist 6 0,09 0,04 0,02 0,2607 

Basophils (K/uL) PBS 6 0,03 0,03 0,01   

Basophils (K/uL) C6 antagonist 6 0,02 0,03 0,01 0,6611 

Mean Corpus Volume  (fL) PBS 6 114,7 166,7 68,1   

Mean Corpus Volume (fL) C6 antagonist 6 46,9 1,4 0,6 0,3428 

Platelets (K/uL) PBS 6 960 185 76   

Platelets (K/uL) C6 antagonist 6 922 255 104 0,7718 

Mean platelet volume  (fL) PBS 6 5,0 0,3 0,1   

Mean platelet volume  (fL) C6 antagonist 6 4,8 0,4 0,2 0,3923 
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The effect of C6 inhibition on onset of the disease and survival in in female 

SODG93A mice 

The aim of the treatment with the C6 ODN is to knock down mouse C6 mRNA and 

protein and reduce functional membrane attack complex (MAC) activity.  To test 

whether MAC is a potential target for treatment of familial ALS we tested our C6 ODN 

in the murine SOD1G93A model.  C6 ODN treated female (n=16) and male (n=16) 

SODG93A mice were compared to PBS treated female (n=16) and male (n=16) 

SODG93A mice. All SOD1G93A mice were sex and litter matched and screened for 

SOD-1 copy number before entering the study. C6 ODN was administrated starting at 

day 50 after birth and was dosed subcutaneously until death using Alzet osmotic 

minipumps at a 1 mg/kg/day dose. We analysed the onset and survival of female and 

male SODG93A mice during treatment with C6 ODN and compared this to SODG93A 

mice treated with PBS.  

We show no statistically significant effects on median onset or survival in either 

female or male C6 ODN treated SODG93A mice compared to vehicle controls. Female 

SODG93A mice treated with PBS on average have an onset of the disease around day 

110 and all the animals die from disease around day 130 (Figure 3A). Although the 

onset and survival curve of the C6 ODN treated female SODG93A mice showed a 

different disease progression compared to the controls (Figure 3 A and B), there 

were no statistical difference in onset and survival (Kaplan-Meier log rank test 

p=0.169 and p= 0.354 respectively). Also in the male SODG93A mice treated with 

1mg/kg/day of C6 ODN, no significant effect on the onset and survival was observed 

compared to the vehicle controls (Kaplan-Meier log rank test p=0.826 and p=0.891 

respectively) (Figure 4 A, B).  

 

 

Figure 3. Later onset and extension of survival time in female SOD1
G93A

 mice following C6 ODN 

treatment. Female SOD1
G93A

 mice were subcutaneously dosed starting from day 50 with either PBS 

(red) or C6 ODN with 1mg/kg/day (blue). (A) Seven out of the 12 C6 ODN treated female SOD1
G93A

 

had a later onset of the disease compared to PBS treated controls. (B) Three out of the 16 C6 ODN-

treated female SOD1
G93A

 mice died earlier compared the vehicle group and 7 out of the 16 mice 

survived longer compared to PBS treated controls. The differences in onset and survival between the 

C6 ODN treated females SOD1
G93A

 mice and vehicle controls were not significantly different by 

Kaplan-Meier log rank test  (p=0.169 and p=0.354, respectively). 
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Figure 4. No effect on the onset and survival time in male SOD1
G93A

 mice following C6 ODN 

treatment. Male SOD1
G93A

 mice were subcutaneously dosed starting from day 50 with either PBS 

(red) or C6 ODN with 1mg/kg/day (blue). No difference was observed in the proportion at onset (A) 

and the fraction of survival (B) of the male C6 ODN-treated animals compared to the controls by 

Kaplan-Meier log rank test (p=0.826 and p=0.891, respectively).  

 

 

 

 

C6 inhibition delays progression of disease in female SODG93A mice as 

measured by neurological score 

The body weight of the C6 ODN and control treated SOD1G93A mice was measured 

every day together with the neurological score. At the end-stage of the disease (day 

120) the vehicle control mice dropped in weight (mean= 0.8 gram) while the treated 

female SOD1G93A mice that were still alive maintained their body weight (Supplement 

Figure 1A). In contrast, male treated SOD1G93A mice showed a decrease in body 

weight similar to control (Supplement Figure 1B).  

The neurological score of female and male SODG93A mice treated with C6 ODN or 

PBS was assessed daily on a scale of 0 to 4, with 0 being normal and 4 being 

completely paralyzed of both hind legs. C6 ODN treated female SODG93A mice, 

progressed in a manner that was slower than vehicle controls (p=0.002) (Figure 5A). 

Together with the maintained body weight this suggests that these mice were 

performing better than the vehicle controls.  However, C6 ODN-treated male 

SODG93A mice did not progress differently from the vehicle controls (p=0.997), as also 

observed for the body weight of these mice (Figure 5B). 
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Figure 5. Reduction of the neurological disability in female SOD
G93A

 mice following C6 ODN 

treatment. The neurological score of female (A) and male (B) SOD
G93A

 mice treated with C6 ODN or 

PBS was assessed daily from day 50 onwards on a scale of 0 to 4, with 0 being normal and 4 being 

completely paralyzed of both hind legs. (A)The neurological disability decreased significantly in female 

SOD
G93A

 treated with C6 ODN compared to the PBS treated controls (p=0.002). (B) No effect in the 

neurological disability was observed in the male SOD
G93A

 mice treated with C6 ODN compared to the 

PBS treated controls (p=0.997). 

 

Discussion  

Components of the innate immune system have been implicated in the pathogenesis 

of ALS. Especially, complement activation has long been implicated in the 

pathogenesis of ALS, with numerous clinical and animal studies demonstrating 

strong complement factor up-regulation, including C1q and C3, in regions of motor 

neuron death [30]. We recently showed complement components C1q, C3 and MAC 

deposited on motor endplates of SOD1G93A mice before appearance of clinical 

symptoms, suggesting that complement activation might play an early role in the 

disease [27]. In addition, we showed C1q and MAC deposition on the motor 

endplates of ALS patients before denervation, suggesting that complement plays an 

early role in ALS patients [28]. Recently, the terminal MAC has been shown to 

activate inflammasome NLRP3 in macrophages and thereby activate caspase 1 and 

promote the release of IL1-b and IL-18. This process is suggested to induce 

inflammatory immune responses that may contribute to damage in disease [31].  

To analyze the role of the terminal pathway in the disease, we tested whether 

inhibition of the terminal pathway using C6 antisense oligonucleotides, which 

downregulates C6 and prevents formation of MAC has an effect on the survival and 

neurological disabilities in the SOD1G93A mouse model of familial ALS. Our dose 

finding study in the SOD1G93A transgenic mice showed a marginal effect of the ODN 

on the levels of red blood cells, hemoglobin, hematocrit, red cell distribution width 

and neutrophils after treatment with a higher dose than 1 mg/kg/day of C6 mRNA 

antagonist. Long term toxicity is an important issue in this types of studies, therefore, 

to avoid introduction of confounding factors, we have treated animals with a low dose 

of 1mg/kg/day. Animals have to be doses for a long period, starting at day 50. Since 

the expression of C6 mRNA is much lower in female than male SOD1G93A mice, we 
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anticipated on a specific effect in females. Therefore, we compared males and 

females at the lowest dose (1 mg/kg/day) expecting so see an effect if any in females 

and not in males.  

We detected changes in body weight, onset, survival and neurological disability 

between the treated female SOD1G93A mice when compared to vehicle controls. 

Although only a significant difference was found for the neurological disability, there 

seems to be a trend that the female SOD1G93A mice perform better than the vehicle 

controls. In the male mice, the C6 ODN treated male SOD1G93A mice behaved similar 

to vehicle treated animals. No trend or significant difference was observed in body 

weight, onset, survival and neurological disability.  

Although a role for complement has been suggested in ALS, its contribution to 

disease progression in animal models for ALS is controversial. Previously, Lobsiger 

et al. demonstrated that SOD-1 transgenic mice deficient in complement components 

C1q and C3 do not have extended survival, concluding that the upstream 

complement components do not affect overall disease in familial ALS [32]. Another 

study showed that suppressing complement-mediated inflammation in SOD1G93A ALS 

rats, either by treating with a selective complement C5a receptor (CD88) antagonist 

or by analyzing CD88-deleted SOD1G93A mice extends survival [26]. This data 

suggests that if there is a role for complement in ALS, there might be an important 

role for the terminal pathway of the complement system. The terminal complement 

pathway can get activated in absence of C1q and C3 via the “extrinsic pathway,” 

which can bypass the traditional upstream activation pathways that rely on 

complement factor C3 [33]. In addition, C3a and C5a has shown to be locally 

produced by antigen presenting cells and T cells facilitating T cell activation and 

cytokine production, showing that complement can also be locally produced [34].  

 

We show that female C6 ODN -treated mice maintained a body weight when 

considering group average body weight over time. At the end-stage of the disease 

(day120) the vehicle control mice dropped in weight while the treated mice that were 

still alive maintained their body weight, suggesting an effect of the treatment on the 

body weight in the female SOD1G93A mice. 

Seven out of the 12 C6 ODN treated female SOD1G93A had a later onset of the 

disease compared to vehicle controls. Some treated females survived longer than the 

vehicle treated animals. However, three female mice died earlier than expected. This 

was not observed in males that were treated with 1mg/kg/day of C6 ODN.  We have 

no explanation for the early death of the 3 females. 

Neurological score progression, showed that C6 ODN treated SOD1G93A female 

animals progressed slower than their PBS treated controls. Although, this effects 

were not observed in male SOD1G93A our data suggests that treatment with 1 

mg/kg/day continuously infused subcutaneous C6 ODN, had an effect on female 

SOD1G93A mice. The difference in outcome of the disease between male and female 

SOD1G93A mice might be explained by the ten-fold difference in C6 levels in the male 

SOD1G93A mice compared to females. Therefore, we suggest that a higher 

concentration of C6 ODN might have an effect on the outcome of the disease in male 

SOD1G93A mice.  
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Conclusions 

Overall, we show that the current treatment regimen resulted in differences in female 

treated SOD1G93A mice compared to controls but did not significantly improve the 

timing of disease onset, the rate of neurological disease progression, or extend 

survival in males. 

This study suggests that complement inhibition in female SOD G93A mice might 

reduce disease severity, based on the results of the female SOD1G93A mice. The lack 

of effects in male SOD1G93A mice prevents us to convincingly show that the 

hypothesis is correct. Further investigations on the role of C6 in familial ALS disease 

progression with a higher dose of the C6 inhibitor are needed. 
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Supplement Figure 1. Body weight maintained in the C6 ODN treated female SOD1
G93A

 mice. 

Bodyweight of female (A) and male (B) SOD1
G93A

 mice treated subcutaneously with PBS (red) or 1 

mg/kg/day C6 ODN (blue) was daily measured starting from day 50, showing that (A) female C6 ODN 

-treated animals maintain the body weight considering group average body weight over time, but gain 

weight at the end-stage of the disease. The vehicle control female mice drop weight at the end-stage 

of the disease. (B) No difference was observed in bodyweight of the male C6 ODN -treated animals 

compared to the controls.  
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