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Abstract  

Interleukin-6 (IL-6) is a pleiotropic cytokine with neuroprotective properties. Still, the therapeutic 

potential of IL-6 after experimental stroke has not yet been investigated in a clinically relevant way. 

Here, we investigated the therapeutic use of intravenously administered IL-6 and the soluble IL-6 

receptor (sIL-6R) alone or in combination, early after permanent middle cerebral artery occlusion 

(pMCAo) in mice. IL-6 did not affect the infarct volume in C57BL/6 mice, at neither 24 nor 72 h 

after pMCAo but reduced the infarct volume in IL-6 knockout mice at 24 h after pMCAo. 

Assessment of post-stroke behavior showed an improved grip strength after a single IL-6 injection 

and also improved rotarod endurance after two injections, in C57BL/6 mice at 24 h. An improved 

grip strength and a better preservation of sensory functions was also observed in IL-6 treated IL-6 

knockout mice 24 h after pMCAo. Co-administration of IL-6 and sIL-6R increased the infarct 

volume, the number of infiltrating polymorphonuclear leukocytes and impaired the rotarod 

endurance of C57BL/6 mice 24 h after pMCAo. IL-6 administration to naïve C57BL/6 mice lead 

after 45 minutes to increased plasma-levels of CXCL1 and IL-10, whereas IL-6 administration to 

C57BL/6 mice lead to a reduction in the ischemia-induced increase in IL-6 and CXCL1 at both 

mRNA and protein level in brain, and of IL-6 and CXCL1 in serum. We also investigated the 

expression of IL-6 and IL-6R after pMCAo and found that cortical neurons upregulated IL-6 

mRNA and protein, and also upregulated the IL-6R after pMCAo. In conclusion, the results show a 

complex but potentially beneficial effect of intravenously administered IL-6 in experimental 

stroke.   
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1. Introduction 

Interleukin-6 (IL-6) is a pleiotropic cytokine, which has been extensively investigated in a variety 

of diseases1, 2, including ischemic stroke where its role is still disputed3-6. A number of studies have 

shown an increase in IL-6 expression acutely in the brain after experimental stroke6, 7 while IL-6 

receptor (IL-6R) expression has been reported to remain unchanged8, 9 or increase at later time 

points10. Clinical studies show that IL-6 levels in serum and cerebrospinal fluid (CSF) increase 

significantly within the first 24 hours after stroke and that IL-6 levels correlate with final infarct 

size and mortality 11-13. Furthermore, elevated levels of IL-6 in serum correlate with post-stroke 

infection14, which is associated with less favourable outcome15. Elevated serum levels of IL-6 are 

also associated with progression of atherosclerosis16, a risk factor for stroke17. However, while 

elevated serum levels of IL-6 thereby relate to morbidity12, 13, there is also evidence that IL-6 can 

have neuroprotective functions18-20, also after experimental stroke10, 21. This could indicate that 

systemic and central IL-6, as previously suggested6, may either have different effects, or potentially 

have different effects at different time-points post-stroke.   

The 'Janus face' of IL-6 may be explained by that IL-6 can elicit fundamentally different cellular 

responses depending on whether the classic or the trans-signalling pathway is activated22. Classic 

signalling is responsible for the anti-inflammatory23, pro-regenerative2, 20 and neuroprotective 

functions of IL-618-20. This pathway involves binding of IL-6 to the membrane bound IL-6R, which 

induces dimerization of the glycoprotein (gp)130. Complex formation of IL-6+IL-6R with gp130 

activates downstream signalling24. In contrast, trans-signalling is responsible for the pro-

inflammatory 22, 25 and neurodegenerative23, 26 effects of IL-6. Trans-signalling involves a cleaved 

form of the IL-6R, referred to as soluble IL-6 receptor (sIL-6R)27. The sIL-6R can, upon complex 

formation with IL-6, stimulate gp130 expressing cells27, however, the complex can also be 

neutralized by the antagonistic soluble form of gp130 (sgp130)25. In recent years, therapies aimed at 

counteracting the trans-signalling pathway have attracted considerable therapeutic interest in 

general28 but also in relation to stroke27. 

Ischemia-induced upregulation of IL-6 has been suggested to represent an endogenous 
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neuroprotective mechanism against N-methyl-D-aspartate (NMDA) receptor-mediated injury8. 

Furthermore, it appears that IL-6 produced in brain cells promotes post-stroke angiogenesis thereby 

improving long-term outcome after stroke10. A few intervention studies exist, and they all report a 

neuroprotective effect of exogenous IL-63-5, 29. However, these studies have major translational 

limitations, due to initiation of treatment before induction of ischemia3-5 or the use of administration 

routes, such as intracerebroventricular3-5 and intraperitoneal29 administration, which are not 

routinely used clinically. To our knowledge, no studies have investigated the effect of sIL-6R 

administered in a clinically relevant way post-stroke and none of the previous intervention studies 

have investigated how IL-6 treatment influences the inflammatory response which is an integral 

part of stroke pathophysiology30-32. In addition the behavioral outcome has largely been ignored3-5, 

21. We therefore investigated how IL-6, sIL-6R and a combination thereof, administered 

intravenously (iv.) as a single injection or repeated injections within the first hour post-stroke, affect 

infarct size, and behavioral outcome in mice. We also investigated neutrophil recruitment into the 

brain and central and systemic inflammatory responses. Overall, our results are indicative of a 

beneficial effect of repeated i.v. treatment with IL-6 in experimental stroke.  

 

 

2. Materials and Methods 

 

2.1 Mice 

C57BL/6 (C57BL/6JBomTac) mice (8 weeks old males) were obtained from Taconic A/S (Ry, 

Denmark), and B6.129S2-Il6tm/Kopf (IL-6 (KO)) mice (8 weeks old males) from Jackson 

Laboratories (Bar Harbor, ME, USA). Mice were individually caged at a 12 h light/dark cycle under 

controlled temperature and humidity, with free access to food and water. Mice were 10 weeks old 

when experiments were carried out. Procedures were approved by the The Danish Animal 

Inspectorate under the Ministry of Food and Agriculture (J. no. 2011/561-1950) and reported in 

accordance with the ARRIVE guidelines. 
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2.2 Focal cerebral ischemia model  

General anaesthesia was with the exception of Intervention study 1 (see below) induced by 

subcutaneous injection of Dormicum (diazepam 5 mg/ml, Actavis, Gentofte, Denmark), Hypnorm 

(fentanyl citrate 0.315 mg/ml and fluanisone 10 mg/ml, Jansen-Cilag, Birkerød, Denmark) and 

distilled H20 mixed 1:1:2 in a volume of 0.16ml/10g mouse. In Intervention study 1 the mice were 

anaesthetized by use of isoflurane. Temperature was measured prior to (baseline) and 10 min after 

induction of anaesthesia. Mice were placed under a surgical microscope (Zeiss, Göttingen, 

Germany) on a 37°C±0.5°C warm heating pad and the distal part of the left middle cerebral artery 

(MCA) was permanently occluded by electrocoagulation (pMCAo) through a craniectomy33. 

Following surgery, 1 ml physiologic saline (0.9% NaCl) and 0.1 ml of Temgesic 

(Buprenorphinum 0.3 mg/ml, RB Pharmaceuticals, North Chesterfield, VA, USA) were 

subcutaneously administered. Post-surgical analgesia was administered three times during the first 

24 h. Sham mice underwent the same procedure, except that the electrocoagulation was made in the 

brain parenchyma next to the MCA. 

 

2.3 Experimental design  

2.3.1. Temporal profiles of mRNA and protein after pMCAo 

Eighty-one C57BL/6 mice were subjected to pMCAo (n = 8-13/group) and 55 mice to sham-

surgery (n = 6-9/group) before killed after 1, 2, 4, 6, 12, 24 and 72 h. Nine mice served as naïve 

controls. For immunohistochemistry (IHC), 28 mice were killed 1, 2, 4, 6, 12, 24 and 72 h (n = 

4/group) after pMCAo. Three mice served as naïve controls. For in situ hybridization (ISH), 9 mice 

were killed 2, 24, and 72 h (n = 3/group) after pMCAo. Three mice served as naïve controls.  

2.3.2. Treatment studies 

2.3.2.1. Drugs. For the treatment was used carrier-free recombinant mouse IL-6 (406-ML-025/CF, 

R&D Systems) and recombinant mouse soluble IL-6R (1830-SR-025/CF, sIL-6R, R&D Systems) 

diluted in saline (NaCl) (500 ng drug/100 µL). The choice of source and dose of IL-6 and sIL-6R 
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was guided by other studies, reporting beneficial effects of IL-6 dosages between 40-400 

ng/mouse34 and maximum behavioral response for a dosage of 500 ng of sIL-6R35. Saline was used 

as vehicle treatment. Investigators were blinded to the treatment of the mice.  

2.3.2.2. Adverse effects and drug detection in blood. Forty mice were randomized into four groups 

(n = 10/group). Group 1 was injected i.v. with 100 µL of saline, group 2 i.v. with 500 ng IL-6, 

group 3 i.v. with 500 ng sIL-6R and group 4 i.v. with 500 ng sIL-6R followed by 500 ng IL-6. 

After 30 minutes (min), mice were tested in the open field test (see below). Blood was sampled by 

percutaneous perforation from the left jaw vein after 45 min. The temperature was monitored 

closely for three hours after drug injection. 

2.3.2.3. Blood brain barrier (BBB) permeability of drugs. Naïve mice were injected with IL-6 or 

sIL-6R labelled with 5-carboxyfluorescein (5-FAM) using the AnaTagTM 5-FAM Microscale 

Protein Labelling Kit (ANA-72054, BioNordika Denmark A/S)36. Mice were randomized into: 

Group 1 injected i.v. with 500 ng 5-FAM+IL-6, group 2 i.v. with 500 ng 5-FAM+sIL-6R, and 

group 3 i.v. with saline added 5-FAM (n = 5/group). After protein labelling, 5-FAM overload was 

removed by column filtration. All mice were injected twice, 1 h apart, and then euthanized 1.5 h 

after the first injection. Mice were transcardially perfused with PBS followed with % PFA. The 

fluorescence intensity was evaluated using ImageJ. 

2.3.2.4. Intervention studies  

Intervention study 1: IL-6 and sIL-6R treatment. Twenty-four mice were distributed into three 

treatments groups prior to pMCAo; Group 1: IL-6, group 2: sIL-6R, group 3: saline (n = 8/group). 

A single injection of saline (100 µL), IL-6 (500 ng) or sIL-6R (500 ng) was administered i.v. 5 min 

after induction of pMCAo (Table 1). Behavior was evaluated after 24 h by use of Hargreaves test 

and grip strength, and mice were euthanized after 72 h.  

Intervention study 2: IL-6, sIL-6R and IL-6+sIL-6R treatment. Sixty-four mice were randomized 

into four treatment groups prior to pMCAo; Group 1: IL-6, group 2: sIL-6R, group 3: IL-6 and sIL-

6R (500 ng x 2), and group 4: saline (n = 16/group). Mice were administered a dose of 500 ng drug 

or drug-combination twice at 5 and 60 min after pMCAo (Table 1). Mice were tested on the rotarod 
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prior to euthanasia at 24 h. Brains and blood were collected for further analysis. One mouse died 1 

h after pMCAo (saline), one mouse died 12 h after pMCAo (IL-6) and two mice died 1 and 12 h 

after pMCAo (sIL-6R).  Naïve mice served as controls (n = 10).  

Intervention study 3: IL-6 treatment in IL-6 KO mice. Thirty-four IL-6 KO mice were subjected to 

pMCAo and injected i.v. with IL-6 (500 ng) or saline (100 µL) 5 and 60 min after surgery (n = 

17/group) (Table 1). Two mice died 1 and 12 h after pMCAo (saline) and two mice were excluded 

due to unsuccessful electrocoagulation (saline). Behavior was evaluated by grip strength, 

Hargreaves and rotarod test prior to euthanasia at 24 h. Brains and blood was collected for further 

analysis. One IL-6 KO mouse treated with IL-6 was killed 90 min after pMCAo, thereby allowing 

us to detect IL-6 in both serum (68.5 ng/ml) and the ipsilateral hemisphere (191 pg/mg protein). 

 

2.4 Behavioral assessment   

Open field test was used to examine motor function and exploratory activity as previously 

described37 using a non-transparent box (45×45×45cm) and the SMART tracking system (Panlab, 

Barcelona, Spain) connected to a video camera (SSC-DC378P, Biosite, Stockholm, Sweden) over a 

10 min period37, 38.  

Rotarod (LE8200 system, Panlab Harvard Apparatus) was used to measure motor coordination, 

endurance and balance37, 39 as previously described38.  

Grip strength test was used to evaluate neuromuscular function of the front paws30. Measurements 

were done prior to (baseline) and 24 h after pMCAo using a grip strength meter (BIO-GT-3, 

BIOSEB, Paris, France). The highest force score (g, (gram)) of the front paws was recorded (out of 

5 attempts).  

Hargreaves test was used to evaluate thermal hind paw nociception using the Hargreaves innocuous 

heat source (Plantar Test apparatus 37370, Ugo Basile, Comerio VA, Italy)40, 41.  

 

2.5 DXA-scanning of IL-6 KO mice 

Total tissue mass (g), fat mass (g), fat-%, lean tissue mass (g), lean-%, bone area (cm2), bone 

mineral content (BMC, g), and bone mineral density (BMD, g/cm2) were measured using dual-
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energy X-ray absorptiometry (DXA) using a PIXImus2 (Version 1.44; Lunar Corporation, 

Madison, WI, USA). All IL-6 KO mice were scanned prior to surgery (Intervention study 3, n=33), 

and compared to a group of age and gender matched C57BL/6 mice (n=11). 

 

2.6 Processing of brain and blood  

Fresh (CO2) frozen tissue. Mice were euthanized by cervical dislocation and decapitated. Brains 

were rapidly removed, frozen in gaseous CO2 and coronally sectioned into 30 µm thick sections in 

6 parallel series. Three series were placed on microscope slides and three series in Eppendorf tubes. 

Series were used for infarct volume (IFV) estimation, ISH, quantitive real-time PCR (qPCR) and 

protein analyses. 

Paraformaldehyde (PFA) perfusion-fixed tissue. Mice were overdosed with pentobarbital and 

transcardially perfused with 20 ml of 4% PFA through the left ventricle. Brains were removed and 

post-fixed in 4% PFA for 1 h and immersed in 20% sucrose overnight (o.n), frozen and coronally 

sectioned into 8 parallel series of 16 µm thick sections. Series were used for IHC and quantification 

of 5-FAM fluorescence intensity.  

Blood samples. Blood samples were kept at room temperature (RT) for 30 min and then spun for 10 

min at 14,000 rpm at 4°C. Supernatants were pipetted and stored at -80°C. 

 

2.7 IFV estimation 

One series of sections was stained with toluidine blue (TB) for visualization of the infarct area. 

Sections were immersed in 70% ethanol for 30 min at RT. Sections were then rehydrated and 

stained in a TB-solution (0.01% w/v, Merck) dissolved in 80 mmol/L Na2HPO4x2H2O and 70 

mmol/L citric acid, followed by rinsing in H2O and dehydration in graded series of ethanol (96-99 

% ethanol). The sections were cleared in xylene and coverslipped in Depex (BDH Gurr). IFVs were 

estimated according to the Cavalieri principle for volume estimation using the Computer Assisted 

Stereological Test GRID (CAST) microscope-system (Olympus, Albertslund, DK)36. 

 



  

 9 

 

2.8 IHC 

Antibodies and general procedures. Sections were air-dried and rinsed in 0.05M Tris-buffered 

saline (TBS: pH 7.4) containing 1% Triton-X100 (Sigma-Aldrich) (TBS-T: pH 7.4) for 2x10 min 

and then incubated with 10% fetal calf serum (FCS: Gibco BRL, Glasgow, Scotland) in TBS-T for 

30 min at RT. Sections were then incubated o.n. at 4°C with rabbit anti-mouse IL-6 IgG antibody 

(AAM15G, 1:500, Bio-Rad Laboratories, Oxford, UK) or goat anti-mouse IL-6R IgG (AF1830, 

1:20, R&D Systems, Oxford, UK). At day 2, sections were rinsed in TBS-T for 2x10 min and 

blocked for endogenous peroxidase activity using methanol and H2O2 in TBS (ratio: 1:1:8) for 30 

min followed by the use of Vectastain ABC Elite Kit (Vector Laboratories, Burlingame, CA, 

U.S.A: PK-6104 and PK-4005). The chromogenic signal for IL-6 was visualized using 

diaminobenzidine and H2O2 in TBS. In the case of IL-6R, a solution of 10mM of Imidazole (12399, 

Sigma-Aldrich) and 0.5% nickel(II) sulfate hexahydrate (227676, Sigma-Aldrich) was added to the 

reaction as previously described42. 

Controls. Antibody specificity was tested by substitution of the primary antibody with rabbit IgG 

and goat serum, respectively. Absorption control for IL-6 and IL-6R was carried out (time points: 2 

h and 24 h) using a mixture of the primary antibody and recombinant mouse IL-6 protein (406-ML-

025/CF, R&D Systems) or sIL-6R protein (1830-SR-025/CF, R&D Systems), respectively, in 100-

fold excess. All controls were devoid of signal (Fig. S1). 

Double immunofluorescence. Sections were incubated o.n. at 4°C with the primary antibodies as 

described above. Next day, sections were rinsed in TBS-T for 10 min before incubation for 1 h with 

the secondary antibodies. IL-6 was detected using Alexa-594-conjugated donkey anti-rabbit IgG 

(1:200, A21207, Invitrogen) or Alexa-488-conjugated chicken anti-rabbit IgG (1:200, A21441, 

Invitrogen) and IL-6R using Alexa-594-conjugated donkey anti-goat IgG (1:200, A11058, Life 

technologies) or Alexa-488-conjugated chicken anti-goat IgG (1:200, A21467, Invitrogen), 

depending on the combination with either a marker for neurons (NeuN), astrocytes (glial fibrillary 

acidic protein, GFAP) or microglia/macrophages (CD11b). Then sections were rinsed in TBS-T for 

10 min before incubation with Alexa-488-conjugated anti-NeuN (diluted 1:500, Ab190195, 
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Abcam), Cy3TM-conjugated anti-GFAP (diluted 1:1200, C9205, Sigma) or anti-CD11b (diluted 

1:500, MCA711, Bio-Rad) for 1 h. CD11b was incubated with Alexa-594-conjugated donkey anti-

rat IgG (diluted 1:200, A21207, Invitrogen) for additionally 1 h. Finally sections were rinsed in 

TBS for 10 min, transferred to TBS containing 4’,6-diamidino-2-phenylindole (DAPI), rinsed in 

water, and mounted in gelvatol. Controls performed by substitution of the primary antibody with 

rabbit IgG and goat serum, respectively, were devoid of signal.  

 

2.9 qPCR 

Primers were designed using the web-based NCBI Gene Bank. All primers were designed to span 

exon-exon junctions and sequence specificity was checked using NCBI Primer-BLAST. Primer 

sequences were: IL-6 (forward: 5’AGGATACCACTCCCAACAGA3’ and reverse: 

5’ACTCCAGGTAGCTATGGTACTC3’), IL-6R (forward: 5’TGGGACCCGAGTTACTACTT3’ 

and reverse: 5’TTGGCACAGTCTTCAACAGAG3’), gp130 (forward: 

5’ATCTCACCAATGACCGCTATG3’ and reverse: 5’TGTACTTGCTCACGGGTTTAG3’) and 

CXCL1 (forward: 5’GCTGGGATTCACCTCAAGAA3’ and reverse: 

5’GAGCAGTCTGTCTTCTTTCTCC3’). Primers for TNF and IL-1β have been published 33, 43. 

Primers were purchased from TAG-Copenhagen A/S (Copenhagen, DK). RNA was extracted using 

TRIzol (Invitrogen, Grand Island, NY, USA) and cDNA was synthesized using a High Capacity 

c-DNA Reverse Transcription Kit (Applied Biosystems, CA, USA) according to manufacturer´s 

instructions. The qPCR was controlled by an Applied BioSystem iCycler and was performed using 

diluted cDNA, 400 nM primers and MaximaTM SYBR green Master (Life Technologies, Nærum, 

DK). The conditions for the PCR were as follows: 10 min at 95°C, 40 cycles of 15 seconds (sec) at 

95°C and 1 min at the annealing temperature followed by 15 sec at 95°C, 1 min at 60°C and finally 

15 sec at 95°C for generation of melting curves. Samples were run against a standard curve 

generated from serially diluted cDNA from mice surviving for 24 h after pMCAo. Results were 

reported relative to the mean values detected for the 'housekeeping' gene hypoxanthine 

phosphoribosyltransferase 1 (HPRT1: forward: 5’GTTAAGCAGTACAGCCCCAAAATG3’, 
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reverse: 5’AAATCCAACAAAGTCTGGCCTGTA3’). 

 

2.10 ISH 

A 24’mer Quasar670-conjugated Locked Nucleic Acid (LNA)-probe 

(5’ggCaacuGgaugGaaguCucuuGcagaGag3’, 41.7% GC, Tm 69.9°C), spanning exon 1 and exon 2 

of IL-6 mRNA, was synthesized by RiboTask Aps (Langeskov, DK) and conjugated by DNA 

Technology A/S (Risskov, DK). Sections were air-dried and fixed in 4% PFA for 5 min, rinsed in 

0.05M TBS-T (pH 7.4) for 10 min, and incubated for 1 h with probe in Maxima Probe/master-mix 

(Thermo Scientific). Then sections were rinsed in 1xSSC (150mmol/L NaCl and 15mmol/L sodium 

citrate) for 2x10 min and transferred to TBS containing DAPI for 5 min, followed by rinsing in 

37 °C distilled water and mounting with gelvatol. Probe specificity was evaluated by RNase “A” 

(Pharmacia Biotech) pre-treatment, by competition control using an unlabelled probe otherwise 

identical to the labelled probe, and by incubation of sections with hybridization buffer without 

probe. For cellular phenotyping, the hybridized sections were rinsed in TBS-T for 10 min and 

incubated for 1 h at RT with either anti-NeuN (1:500), anti-GFAP (1:1200) or anti-CD45-PE 

(1:500, 103106, Biolegend) antibodies. Next, sections were rinsed in TBS for 10 min, immersed in 

TBS containing DAPI for 5 min, rinsed in 37°C distilled water and coverslipped with gelvatol. 

 

2.11 Magnetic-activated cell sorting (MACS) 

Cellular mRNA expression was examined by MACS followed by qPCR and displayed as fold 

increase based on threshold cycle values (Ct-values)44. Groups consisted of (1) whole brains from 

naïve mice (n=4), (2) mice subjected to pMCAo (n=4) from which whole brain hemispheres were 

homogenized, and (3) Mice subjected to pMCAo (n=4) from which neurons and microglia were 

isolated from the ipsi- and contra-lateral hemispheres (i/c).  For isolation of neurons and microglia, 

the ipsi- and contralateral cortices were dissociated using the gentleMACSTM Octo Dissociator with 

Heaters (Miltenyi Biotec) according to the manufacturer’s instructions. CD11b+ cells were then 

isolated (and macrophages/neutrophils) by the use of CD11b+ microbeads (130-093-636, Miltenyi 
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Biotec), whereafter the neurons were isolated by negative selection using the Neuron isolation Kit  

(130-098-752, Miltenyi Biotec).  

 

2.12 Protein measurements  

For protein measurements, brain tissue was lysed in 1x Tris Lysis buffer (150 nM NaCl, 20 mM 

Tris, 1 mM EDTA, 1 mM EGTA, 1% Triton-x100, pH 7.5) containing both phosphatase inhibitor 

(Sigma) and proteinase inhibitor (cOmplete mini, Roche). Protein estimations were performed using 

the Pierce BCA Protein Assay Kit (23225, Thermo Scientific) according to manufacturer 

guidelines. Concentrations of cytokines/chemokines in tissue and blood were then determined by 

Mesoscale Discovery (MSD) Technology 45. A MSD V-plex Proinflammatory panel 1 (mouse, 

K15048D-1) was used for determination of IL-6, TNF, IL-1β, and CXCL1, IL-5, and IL-10. In 

addition, IL-2 and IL-4 was measured in experiment 4. Soluble IL-6R and sgp130 were measured in 

blood, using ELISA (IL-6Ralpha; RAB0314-1KT, Sigma-Aldrich and sgp130: MBS2515892, 

MyBioSource).  

 

2.13 Quantification of polymorphonuclear cells (PMNs) 

The density of PMNs was estimated in the infarct and peri-infarct. PMNs were counted by a blinded 

observer in TB-stained sections and under a high numerical 100x objective (Olympus UPlanFL N 

100x/1.30) using an Olympus System Microscope (BX-53) connected to CAST-2 stereology 

Software (Visiopharm, DK). A total of 6 mice/treatment group with IFVs around the mean IFV 

were selected for the quantification, which was performed in 5 equidistantly spaced sections 

spanning 1080 µm of anterior commissure. Twentyfive % of the infarct and 5% of the peri-infarct 

were counted. Results are given as the number of PMNs/mm2 infarct or peri-infarct. 

 

2.14 Fluorescence intensity measurements  

Five sections from each animal, spanning the anterior commissure, were examined for 5-FAM 

fluorescence intensity using an Olympus System Microscope (BX-51) with a 2x objective 
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(Olympus 2x/0.08 UPlanApo) connected to a high-resolution microscope Olympus DP73 digital 

camera36. Images were obtained with reference to sections from saline-treated mice using constant 

microscope settings and camera exposure times. Images were quantified for fluorescence intensity 

(densitometric analysis) in cortical layers V-VI and in the striatum using the ImageJ Software 

(version 2.0.0-rc-43/1.50g, 2015) as previously described 36.  

 

2.15 Statistics 

A priori power analysis based on existing data 36 suggested a sample size of 15 mice/group. The 

post hoc power was 85% in exp. 3 and 75 % in exp. 4. Data that complied with Gaussian 

distribution, determined by the D'Agostino & Pearson omnibus normality test and demonstration of 

equal variances, were analysed using one-way ANOVA (AN) followed by Dunnet's test for 

multiple comparisons. For single comparisons, Student´s t-test was applied, if the F-test revealed 

equal variances. Behavioral data from the same animal were compared by paired t-test. Non-

parametric tests were performed by use of Mann-Whitney test or the Kruskal-Wallis test (KW) 

followed by Dunn’s test for multiple comparisons. Correlation analysis was performed using 

Pearsons’s or Spearman’s correlation analyses. P<0.05 was considered statistically significant and 

reported as two-tailed values. Data are presented as means±SD. GraphPad Prism 6 for Mac OS X 

(version 6.0f) was used. 

 

3. Results 

 

3.1 Neurons and CD11b
+
 cells increase their IL-6 and IL-6R mRNA expression after pMCAo 

To obtain an overview of the time profile of IL-6, CXCL1, IL-6R and gp130 mRNA expression in 

the ischemic hemispheres, we used qPCR. IL-6 mRNA expression significantly increased from 6-

72 h after surgery in pMCAo mice compared to sham and naïve control mice, with peak expression 

at 12 and 24 h (Fig. 1A). CXCL1 mRNA increased from 2-24 h, with peak expression at 12 and 24 

h (Fig. 1B). In contrast, IL-6R mRNA (Fig. 1C) and gp130 mRNA (Fig. 1D) first increased 72 h 
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after pMCAo. Next, we analysed IL-6 mRNA expression in MACS-sorted neurons and CD11b+ 

cells 24 h after pMCAo (Fig. 1E). We detected a 128-fold increase in IL-6 mRNA expression in 

neurons and a 16-fold increase in CD11b+ cells sorted from the ipsi- compared to the contra-lateral 

hemisphere (Fig. 1E). In comparison, we detected a 4-fold increase in IL-6R mRNA in neurons and 

a 2-fold increase in CD11b+ cells sorted from ipsi- compared to the contra-lateral hemisphere (Fig. 

1F). Next, we used ISH to show the regional distribution of IL-6 mRNA+ cells. In naïve mice the 

distribution of the ISH signal was suggestive of a mainly neuronal expression, and this was also the 

case when inspecting the peri-infarct 24 h after pMCAo, due to increased IL-6 mRNA expression 

(Supplemental Figure S1). In comparison, IL-6 mRNA was variably expressed within the infarct at 

24 h (Supplemental Figure S1). By combining ISH with immunofluorescence for NeuN, we 

confirmed that IL-6 mRNA was expressed in NeuN+ neurons in the ischemic cortex at 2 h (Fig. 

1G,H) and in the peri-infarct at 24 h and 72 h after pMCAo (data not shown). ISH combined with 

immunofluorescence for CD45 or GFAP showed that IL-6 mRNA was expressed in CD45+ cells, 

likely microglia/leukocytes (Fig. 1I), but not in GFAP+ astrocytic cell bodies (Fig. 1J) at 24 h after 

pMCAo. In neurons, IL-6 mRNA was observed both in the cytoplasm and in the nuclei (Fig. 1K, 

L), while it appeared to be restricted to the nuclei in CD45+ microglia/leukocytes (Fig. 1M, N). All 

ISH controls were devoid of signal (Supplemental Figure S2Q-T). 

 

3.2 Neurons transiently increase the expression of IL-6 and IL-6R after pMCAo 

Having shown that NeuN+ neurons and CD11+ cells upregulate their expression of IL-6 and IL-6R 

mRNA in the ipsilateral cortex after pMCAo, we studied induction of IL-6 and IL-6R protein. 

Quantification of IL-6 protein levels in the pMCAo-lesioned brain showed that IL-6 protein 

increased up till 24 h after pMCAo, to decline to close to baseline levels at 72 h (Fig. 2A).  IHC 

showed scattered faintly stained IL-6+ cells in the cortex of naïve mice (Fig. 2B,D), but no IL-16R+ 

cells (Figure S3A). IL-6+ and IL-16R+ neuronal-like cells were, however, clearly observed in the 

peri-infarct starting already 1 h after pMCAo (Fig. 2I and Supplemental Figure S3A), they were 

abundant at 24 h and hardly visible 72 h after pMCAo (Fig. 2B-H and Supplemental Figure S3B-
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D). Double immunofluorescence for IL-6 or IL-6R, and NeuN, CD11b and GFAP, confirmed that 

IL-6 and IL-6R were expressed in NeuN+ neurons in the peri-infarct 24 h after pMCAo (Fig. 2I,L). 

We failed to detect signal for IL-6 and IL-6R in CD11b+ microglia/leukocytes (Fig. 2J,M) and 

GFAP+ astrocytes (Fig. 2K,N), 24 h after pMCAo. Absorption controls performed on sections from 

mice with 24 h post-stroke survival lacked specific-like staining (Supplemental Figure S2A-P). 

 

3.3 Effect of IL-6, sIL-6R and IL-6 + sIL-6R on behavior and serum levels of cytokines and 

chemokines in naïve mice  

To evaluate whether saline, IL-6, sIL-6R and IL-6+sIL-6R affect behavior, we tested naïve mice in 

the open field test 30 min after i.v. injection. We observed a clear effect of treatment on mouse 

behavior (Fig. 3A-F). The IL-6+sIL-6R-treated mice travelled longer distances compared to all 

other treatment groups (Fig. 3A), and they travelled with a higher mean speed compared to both IL-

6- and sIL-6R-treated mice, but not compared to saline-treated mice (Fig. 3B). The IL-6+sIL-6R-

treated mice also showed more wall rearing activity (Fig. 3C), spent more time along the walls (Fig. 

3D), with lower number of zone changes (Fig. 3E,F), compared to saline- and IL-6-treated mice. 

Finally, these mice showed less center-rearing activity, a lower number of diggings and more 

droppings compared to all other treatment groups (data not shown). Despite increased locomotor 

activity in the wall zone, these findings could indicate discomfort and anxiety-like behavior, 

resulting from the inflammatory state induced by the drug-combination. Treatment had no effect on 

body temperature up till 3 h after injection (Supplemental Fig. S4A).  

The analysis of blood samples collected 45 min post-injection showed, as expected, increased 

serum IL-6 levels in mice injected with IL-6 or IL-6+sIL-6R (Fig. 3G), and increased levels of sIL-

6R in mice injected with sIL-6R or IL-6+sIL-6R (Fig. 3H). Levels of sgp130 increased significantly 

after IL-6+sIL-6R administration (Supplemental Fig. S5).  Interestingly, injection of IL-6 and IL-

6+sIL-6R led to increased serum CXCL1 levels compared to saline- and sIL-6R-treated mice (Fig. 

3I), with a positive correlation between serum IL-6 and CXCL1 levels in both treatment groups 

(both p<0.05). Additionally, we observed increased IL-10 levels after IL-6 treatment (Fig. 3J), and 
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a positive correlation between serum levels of IL-6 and IL-10 (p<0.01). These observations show 

that IL-6 directly or indirectly affects the serum levels of both CXCL1 and IL-10. TNF and IL-1β 

levels in serum were unaffected in all treatment groups (Supplemental Fig. S5).   

 

3.4 Systemically administered IL-6 and sIL-6R cross the intact BBB  

To investigate whether i.v. administered IL-6 and sIL-6R are capable of entering the brain 

parenchyma despite of BBB integrity, we injected naïve mice with 5-FAM-labelled IL-6 and sIL-

6R. Mice were given two i.v. injections (start and after 60 min) and euthanized after 1.5 h. By the 

use of densitometry we detected significantly higher fluorescence 5-FAM-signals in cortical layers 

V-VI (Fig. 5A,B) and striatum (Fig. 5C,D) from mice injected with 5-FAM-labelled IL-6 and sIL-

6R compared to mice injected with saline at 1.5 h, suggesting that IL-6 and sIL-6R cross the intact 

BBB.  

 

3.5 Intravenous administration of a single dose of IL-6 has no effect on IFV but improves 

mouse behavior after pMCAo in C57BL/6 mice  

Since we observed no short-term side-effects of i.v. administered IL-6 and found that both IL-6 and 

sIL-6R cross the intact BBB, we first investigated whether a single i.v. injection of IL-6 and sIL-

6R, impacted on IFV and behavior 72 h after pMCAo. The IFV in IL-6-, sIL-6- and saline-treated 

mice were shown to be comparable (Fig. 5A, B). Grip strength analysis showed that the total grip 

strength was significantly improved in the front paws of IL-6-treated mice compared to saline- and 

sIL-6R-treated mice after pMCAo, with no differences in baseline grip strength (pre-operatively) 

(Fig. 5C). Still, there were significant post-operative asymmetries in all three treatment groups (Fig. 

5D). Hargreaves test showed impaired sensory function of the right hind paw in all treatment 

groups compared to pre-operative function (Fig. 5E). There were no significant differences in post-

operative sensory function between groups (Fig. 5E). As for grip strength, Hargreaves test showed 

post-operative asymmetries in all three treatment groups (Fig. 5F), but with a tendency to a lower 
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difference in IL-6 treated mice. Treatment had no effect on body temperature up till 24 h 

(Supplemental Fig. S4B).  

 

3.6 Intravenous administration of two doses of IL-6 improves mouse behavior without 

affecting IFV after pMCAo in C57BL/6 mice 

Since we observed no infarct-reducing effect of a single i.v. injection of IL-6 and sIL-6R, we next 

investigated the effect of repeated drug injection. Furthermore, since we had observed an effect of 

IL-6 and sIL-6R in combination on mouse behavior 30 min after injection and on serum levels of 

CXCL1 45 min after injection, we decided to include a group of mice treated with IL-6+sIL-6R 

(Table 1). Analysis showed that the IFV in IL-6-, sIL-6- and saline-treated mice were comparable 

(Fig. 6A,B), whereas co-administration of IL-6+sIL-6R increased IFV compared to saline-treated 

mice (Fig. 6A,B), suggesting a neurotoxic effect of this combination. To screen for drug-induced 

effects on motor coordination, endurance and balance, we tested the mice on the rotarod37, 46. The 

results showed that IL-6-treated mice stayed longer on the rod compared to saline-treated (P<0.05), 

sIL-6R-treated (P<0.05) and IL-6+sIL-6R-treated mice (p<0.01). In contrast, the co-administration 

of IL-6+sIL-6R appeared to compromise motor function 24 h after pMCAo when compared to the 

IL-6-treated, but however not to saline-treated mice (p=0.07) (Fig. 6C). A correlation between IFV 

and rotarod endurance was not observed for any of the treatment groups (Supplemental Fig. S7A). 

Treatment had no effect on body temperature up till 24 h (Supplemental Fig. S4C).  

As the performance enhancing effects of IL-6 could not be due to reduced IFV, and since we had 

observed that IL-6 treatment increases the serum levels of CXCL1 and IL-10 at 45 min after i.v. 

injection (Fig. 4I,J), we next investigated whether the treatments impacted on the systemic and 

central inflammatory responses, 24 h after pMCAo. The brain levels of IL-6 and CXCL1 mRNA 

were significantly lower in IL-6- compared to saline- and IL-6+sIL-6R-treated mice (Fig. 6D,E), 

while there were no effects on the IL-6R and gp130 mRNA levels (Fig. 6F,G). In addition, IL-6 and 

CXCL1 brain protein levels were lower in IL-6-treated mice compared to the saline group (Fig. 

6H,I). There was an inverse correlation of brain IL-6 levels and IFV in IL-6 treated mice 
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(Supplemental Fig. S7B). TNF and IL-1β mRNA levels and TNF, IL-1β, IL-5 and IL-10 protein 

levels were unaffected by the treatment (Supplemental Fig. S6A-E).  

Furthermore, as CXCL1 stimulates the recruitment of neutrophils 47, 48 and IL-6+sIL-6R treatment 

of naïve mice were found to significantly increase serum levels of CXCL1 after 45 min (Fig. 4I,J), 

we investigated the infiltration with PMNs into the infarcted cortex 24 h after pMCAo. The number 

of PMNs given as PMNs/mm2 was significantly higher in IL-6+sIL-6R-treated mice compared to 

saline-, IL-6- and sIL-6R-treated mice (Fig. 6J,K and Supplemental Fig. S8). However, we found 

no significant correlation between PMN density and IFV (r=0.69, p=0.13) or between the number 

of PMNs and rotarod endurance (r=0.42, p=0.49) in the IL-6+sIL-6R group.  

Finally, we investigated how treatment affected the systemic inflammatory response 24 h after 

pMCAo. First, we observed the pMCAo lead to a highly significant increase in serum levels of IL-

6, CXCL1, and sgp130, but not sIL-6R (Fig. 6L-O). Next, we observed that the pMCAo-induced 

increase in the serum level of CXCL1 was lower in IL-6-treated mice compared to the saline- and 

IL-6+sIL-6R-treated mice (Fig. 6L, M). Mice treated with sIL-6R or IL-6+sIL-6R had higher sIL-

6R serum levels compared to saline- and IL-6-treated mice (Fig. 6N). Treatment had no effect on 

the spg130, TNF, IL-1β, IL-5 and IL-10 serum levels (Fig. 6O and Supplemental Fig. S7G-J). The 

improved rotarod endurance correlated inversely to serum levels of IL-6 and CXCL1 in the IL-6 

treated mice 24 h after pMCAo (Supplemental Fig. S9).  

In conclusion, the results indicate that repeated injection of IL-6 has beneficial potential, while 

repeated injection of IL-6+ sIL-6R has deleterious effects in murine stroke. 

 

3.6 Repeated administration of IL-6 reduces IFV and improves aspects of behavior in IL-6 

KO mice 

To clarify whether i.v. administered IL-6 might have an infarct-reducing effect, independent of 

endogenous IL-6, we finally performed infarct volumetric and behavioral analysis and investigated 

the systemic and central inflammatory responses in IL-6 KO mice treated with IL-6 or saline, 5 and 

60 min post-surgery. We found reduced IFV (Fig. 7A, B), unaffected rotarod endurance and 
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balance (Fig. 7C), but improved motor and sensory functions (Fig. 7D-G), 24 h after pMCAo in IL-

6- compared to saline-treated KO mice. Grip strength analysis of the front paws showed that the 

total grip strength was improved in IL-6-treated KO mice compared to saline-treated KO mice after 

pMCAo, with no differences at baseline grip strength (pre-operatively) (Fig. 7D). In addition, we 

observed improved right front paw grip strength in IL-6- compared to saline-treated KO mice (Fig. 

7E), with no paw asymmetry (p=0.257) between left and right front paws in the IL-6-treated mice 

(Fig. 7E). Furthermore, Hargreaves test revealed a significantly impaired right hind paw sensory 

function in saline- but not in IL-6-treated KO mice after pMCAo compared to baseline (pre-

operatively) (Fig. 7F). The saline-treated mice also displayed impaired right hind paw sensory 

function compared to the left paw after pMCAo, and this asymmetry was not observed in IL-6-

treated KO mice (Fig. 7G). Despite of the differences reported above in both IFV and motor and 

sensory function, no correlation was observed between IV and motor and sensory function 

(Supplemental Fig. 10A). 

As we in C57BL/6 mice observed that IL-6 treatment lead to changes in the pMCAo-induced 

inflammatory response, we examined the inflammatory response in the brains of IL-6 KO mice. 

Treatment with IL-6 had no effect on IL-6R, gp130 or CXCL1 mRNA levels at 24 h after pMCAo 

(Supplemental Fig. S11A-C). However, in contrast to IL-6-treated C57BL/6 mice, IL-6 treatment of 

KO mice had no effect on the pMCAo-induced increase in brain CXCL1 protein levels (Fig. 7H), 

while brain IL-5 protein levels were significantly lower in IL-6- compared to saline-treated KO 

mice (Supplemental Fig. S11H). Noteworthy, IL-6 was still detectable in brain (1.7±0.3 pg/mg 

protein) and serum (6.1±2.8 pg/ml) of IL-6-treated KO mice 24 h after pMCAo. The sustained IL-6 

levels correlated positively with total grip strength (Supplemental Fig. S12). TNF and IL-1β mRNA 

levels and TNF, IL-1β and IL-10 protein levels were unaffected in IL-6- compared to saline-treated 

KO mice, 24h after pMCAo (Fig. 7I and Supplemental Fig. S11D-G). 

We observed significantly lower serum sIL-6R (Fig. 7L) and IL-1β (Supplemental Fig. S13A) 

levels, however no changes of the CXCL1, IL-10, TNF or IL-5 levels in IL-6- compared to saline-

treated KO mice, 24 h after pMCAo (Fig. 7J,K and Supplemental Fig. S13B, C). 



  

 20 

 

 

3.7 IL-6 KO mice differ from non-littermate C57BL/6 mice in multiple ways 

Since the male C57BL/6 mice obviously were smaller and had a smaller body weight (p < 0.0001), 

than age- and sex-matched IL-6 KO mice (Suppl. Fig. S14A), questioning their use as appropriate 

controls, we prior to pMCAo surgery compared the skeletal composition and systemic 

cytokine/chemokine expression in the two groups of mice. The DXA-scans showed that IL-6 KO 

mice had a lower fat mass than C57BL/6 mice (g) (p < 0.05)(Suppl. Fig. 14B), but no difference in 

the percentage fat distribution (not shown). IL-6 KO mice also had a significantly lower bone area 

(cm2) (p < 0.01) and bone mineral content (g) (p < 0.05), however bone mineral density (g/cm2) 

remained unchanged (Suppl. Fig. 14C,D), suggesting that IL-6 KO mice have a higher material 

density in their skeleton compared to C57BL/6 mice. IL-6 KO mice also had systemic 

cytokine/chemokine profiles that were significantly different from C57BL/6 mice (Suppl. Fig. 

S14E-L). Collectively, these differences at baseline argued against the use of non-littermate 

C57BL/6 mice as controls to the IL-6 KO mice. Despite of the above differences, the C57BL/6 

mice were subjected to pMACo. The IFV at 24 h was 22.1±8.8 mm3 (mean±SD, n = 11), which was 

comparable to the IFV of the saline treated C57BL/6 mice in Intervention study II (25.7±7.39 

(mean±SD, n = 15), p = 0.283). The IFV of DXA-scanned C57BL/6 mice was comparable to that of 

saline treated IL-6 KO mice (19.1±7.10 (mean±SD, n = 13), p = 0.380). 

 

4. Discussion  

This study represents the first in-depth investigation on whether and how IL-6 and sIL-6R 

administered in a clinically relevant way, affect infarct development, inflammation, or behavioral 

outcome post-stroke in mice. The study was not designed to focus on the effect of endogenous IL-6 

post-stroke. We demonstrate that i.v. administration of IL-6 improves behavioral outcome without 

affecting IFV in C57BL/6 mice after pMCAo, and additionally that repeated administration of IL-6 

reduces IFV in IL-6 KO mice. The improved functional outcome observed in the C57BL/6 mice as 

a result of IL-6 administration, might relate to changes in especially IL-6 and CXCL1 in the brain 
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and/or circulation, and possibly also early changes in IL-10 levels. We also show that co-

administration of IL-6 and sIL-6R to C57BL/6 mice increases IFV and that this is associated with 

increased PMN recruitment, possibly due to the increased CXCL1 levels observed early (45 min) 

after administration.  

With the present study, we show that although i.v. administered IL-6 improves behavioral outcome 

in C57BL/6 mice, while its infarct-reducing potential appears to be limited to IL-6 KO mice. IL-6 

KO mice have previously been shown to develop larger IFV than wild-type mice after experimental 

stroke10. Although the IL-6 KO mouse has limited clinical relevance, we used this mouse strain to 

address the question whether i.v. administered IL-6 has infarct-reducing potential after pMCAo. 

The finding of an infarct-reducing effect of IL-6 treatment is in line with our finding of reduced 

levels of the anti-inflammatory and neuroprotective cytokine IL-10 in serum of naïve IL-6 KO 

mice, and which is induced by administration of IL-6. Furthermore, IL-6 KO mice have been shown 

to be compromised in their acute-phase response to tissue injury49, and that IL-6 is required for the 

initiation of protective immune responses after stress50. An overall beneficial role of IL-6 in stroke 

is also suggested by altered signal transducer and activator of transcription 3 (STAT3) signaling in 

the brain of IL-6 KO mice compared to C57BL/6 mice 24 h after transient MCAo (tMCAo)10. The 

reduced STAT3 phosphorylation was held responsible for the suppressed angiogenic response, 

larger IFVs and reduced functional outcome observed in the IL-6 KO mice 28 days after tMCAo in 

the same study10. It is likely that under ischemic conditions other signalling pathways are activated 

in IL-6 KO mice51 and that these mice show higher sensitivity to i.v. administered IL-6 than 

C57BL/6 mice. One other study showing that IL-6 KO mice develop larger IFV after 24 h 

compared to C57BL/6 mice under thermostable conditions supports the idea that endogenous IL-6 

is neuroprotective21. We were able to detect IL-6 protein after 24 h in the brain of IL-6 KO mice 

and this correlated with improved total grip strength. No clinical studies have measured IL-6 in the 

brain parenchyma of stroke patients, but in patients suffering a traumatic brain injury, higher 

parenchymal levels of IL-6 measured by microdialysis correlated with better outcome, supporting 

the hypothesis of a neuroprotective effect of IL-652.  
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Surprisingly, we observed that treatment with IL-6, led to a lower expression of IL-6 and CXCL1 

mRNA and IL-6 and CXCL1 protein in the brain at 24 h compared to saline-treated C57BL/6 mice. 

Also serum levels of IL-6 and CXCL1 were lower at 24 h in IL-6-treated mice. Taken together, 

with our finding of an absence of these phenomena in the IL-6-treated IL-6 KO mice, this could 

suggest that endogenous, potentially neuronal, IL-6 regulates the pMCAo-induced increase in 

CXCL1 expression in the brain. The fact that IL-6 mRNA and protein was low in the brain of the 

IL-6-treated C57BL/6 mice indicates that similar mechanism may be operative in the case of 

neuronal expression of IL-6. Having shown that circulating IL-6 can cross the intact BBB in theory, 

allows for circulating cytokines to contribute to the regulation of protein synthesis in the brain. 

Restricted protein synthesis in endothelial cells and hepatocytes, which is a major source of both 

IL-61, 47, 53 and CXCL147, may also explain the lower serum values of these proteins at 24 h, 

however, this was not investigated further.  

Importantly, in C57BL/6 mice, which failed to show a reduced IFV, the rotarod endurance inversely 

correlated with the serum concentrations of IL-6, CXCL1 and TNF at 24 h and high concentrations 

of IL-10. This could indicate that systemic cytokines and chemokines affect the behavior of the 

mouse without affecting the IFV and that systemic actions of IL-6 early and late (24 h) after 

pMCAo may have different effects, as previously suggested6. We initially observed that injection of 

IL-6 into naïve C57BL/6 mice led to a significant increase in plasma values of the anti-

inflammatory cytokine IL-10 after 45 min. Animal studies have shown that both systemically and 

centrally administered IL-10 has an infarct-reducing effect after pMCAo, probably by influencing 

neuronal life-death mechanisms taking place in the very early phase54. Increased serum IL-10 in IL-

6-treated mice may be part of the complex IL-6-initiated cascade leading to improved functional 

outcome in the C57BL/6 mice. In addition, there is evidence from both experimental and clinical 

studies that IL-6 has anti-inflammatory effects by inhibition of TNF and IL-1β production and by 

stimulating the production of the IL-1 receptor antagonist and IL-1055-57.  

Since, we in our study found that IL-6 administration to IL-6 KO mice better the grip strength, less 

affected sensory function evaluated in the Hargreaves test, but had no influence on the rotarod 
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endurance post-stroke. In comparison, the rotarod performance was unaffected by the IL-6-

treatment in IL-6 KO mice, although these mice developed smaller IFVs, and had a better grip 

strength test and showed less affection of their sensory function. A contributing reason to the 

difference in findings could be that the rotarod, and grip strenght and Hargreaves tests examines 

different aspects of mouse behavior.  

This is to our knowledge the first study on the effect of sIL-6R after experimental stroke. From 

studies of neurodegenerative diseases there is evidence that trans-signalling can cause neuronal 

damage in mice23. Our results show that intensifying the pro-inflammatory trans-signalling 

pathway, by co-administration of IL-6 and sIL-6R, alters the motor function and anxiety-like 

locomotor activity at baseline, and leads to an increased IFV and tends to reduce the functional 

outcome 24 h after pMCAo. These observations are in line with a report showing that inhibition of 

pro-inflammatory trans-signalling ameliorates lipopolysaccharide-induced sickness behavior58. 

Soluble IL-6R administered alone had no effect. The difference could be explained by a stronger 

trans-signalling pathway activation because of instantly accessible IL-6, when IL-6 is co-

administered with sIL-6R. In addition, we observed increased CXCL1 levels 45 min after IL-6+sIL-

6R injection in naïve mice, probably released by endothelial cells, which are the major source of 

this chemokine59, 60. This was only observed in response to co-administration of IL-6 and sIL-6R. 

Also hepatic cells can release CXCL147. This release could contribute to the initial attraction of 

neutrophils into the ischemic brain together with the release of CXCL1 by resident brain cells. 

Together this could contribute to the evolution of larger IFV as observed, although the importance 

of neutrophils after distal pMCAo is disputed59, 61-64.  

From previous studies we know that IL-6 is significantly elevated after different types of cerebral 

ischemia but with variation in peak expression time varying from 6 h to 7 days depending on the 

type of ischemia8, 21, 65, 66. Up-regulation of IL-6 after cerebral ischemia can represent endogenous 

neuroprotective mechanisms10, 67. In vitro studies support the assumption that IL-6 can be 

neuroprotective after several types of CNS injury68-71. In addition, deficiency of IL-6 has been 

shown to interfere with glial activation in mice after traumatic CNS injury 72. Therefore, we 
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investigated the temporal IL-6 mRNA expression and IL-6 protein profile in the ischemic 

hemisphere and we observed a significant increase already 6-12 h after pMCAo, with peak 

expression of both IL-6 mRNA and protein at 24 h. However, in situ detection of IL-6 mRNA 

showed a widespread expression in the ipsilateral hemisphere already at 2 h where it was 

abundantly expressed in neurons, which also expressed IL-6 protein. Only one previous study of 

focal cerebral ischemia has reported increased IL-6 immunoreactivity in the brain within the 

therapeutic window (< 3.5 h) 73 and in another study increased IL-6 immunoreactivity was observed 

at 6 h21. We only report on IL-6R expression in neurons after pMCAo. So it appears that neurons 

are not only the main source of IL-6 early after pMCAo, but also highly responsive to it, since they 

express the IL-6R. This early up-regulation of IL-6 could, as suggested, represent an important 

neuroprotective mechanism through binding to IL-6R within the neurons themselves, which might 

be important for the protective and anti-inflammatory effects2, 18, 23.  

The therapeutic potential is greatest during the first “golden hours” of human stroke, where the 

volume of the penumbra is around 50% of the ischemic territory 74. It has previously been shown 

that recombinant IL-6 protein is biologically active in dosages between 40-400 ng/mouse by 

intraperitoneal injection in both male C57BL/6 and male IL-6 KO mice34. Furthermore, maximal 

behavioral response after intraperitoneal injection of recombinant human sIL-6R has been reported 

for a dosage of 500 ng in mice35. Although we in our study chose to administer 500 ng of 

recombinant murine IL-6 both 5 and 60 min after induction of pMCAo, within the therapeutic 

window, the effect of other concentrations of IL-6 and later time points should be tested. 

 

5. Conclusion  

We conclude that i.v. administration of IL-6 is an appropriate route for modulating IL-6-dependent 

life-death processes in ischemic neurons when injected within the therapeutic time window and 

with beneficial systemic effects independent of IFV. However, although these observations are 

encouraging, they call for additional studies that should include dose-response experiments and 

evaluation of neuroprotective and behavioral effects at longer post-stroke survival times in 
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genetically normal mice. 
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Figure legends 

 

Figure 1. IL-6 and IL-6R mRNA expression is elevated in neurons and microglia/leukocytes 

after pMCAo. (A-D) Temporal expression profile of IL-6, CXCL1, IL-6R and gp130 mRNA after 

pMCAo (n=8-13 mice/group). Levels are normalized to HPRT1 mRNA. Results are presented as 

means±SD and significance levels are displayed as */$p < 0.05, **/$$p < 0.01, ***/$$$p < 0.001 and 

****/$$$$p < 0.0001. (*) Represents the results from Dunn’s post-hoc multiple comparisons test 

between pMCAo and naïve control (ctl) mice, and ($) the results from the Mann-Whitney test 

between pMCAo and sham mice. (E, F) mRNA levels of IL-6 and IL-6R displayed as Ct-values 

from qPCR, in MACS sorted neurons and CD11b+ cells harvested 24 h after pMCAo (n = 4 

mice/group). The fold-increase (Fi) in isolated neurons and microglia, displayed in column 1 is 

calculated by the comparison to whole brain (wb) tissue (ipsi- and contralateral hemisphere (c/i)) 

from pMCAo-lesioned mice. The fold-increase displayed in column 2, represents comparisons 

between isolated neurons (c/i) and microglia (c/i) respectively. In addition, whole brain Ct-values 

from naïve mice are shown, but not used in the calculations. (G, H) ISH for IL-6 mRNA combined 

with immunofluorescence for NeuN and DAPI nuclear staining in the ischemic cortex 2 h after 

pMCAo (n = 3 mice/group). (I, J) Combined ISH and immunofluorescence for CD45 (I) and GFAP 

(J) in the peri-infarct 24 h after pMCAo. (K, L) High power magnification of NeuN+ neurons, only 

showing the layers with the IL-6 mRNA (K) and DAPI (L) signals. (M, N) High power 

magnifications of IL-6 mRNA expressing CD45+ cell (M) and the corresponding DAPI staining 

(N). Scale bars: 10 µm (inserts, K-N); 20 µm (H-J); 100 µm (G). 

 

Figure 2. IL-6 and IL-6R protein expression is elevated in surviving neurons after pMCAo. 

(A) IL-6 protein measured by MSD in ischemic brain up till 72 h after pMCAo. (*) Represents the 

results from Dunn’s post-hoc multiple comparisons test between pMCAo and naïve ctl mice. (B, C) 

Overview of immunofluorescence staining for IL-6 protein in cortex of näive ctl mouse (B) and 

pMCAo mouse with 24 h survival (C). (D-H) IHC for IL-6 expression of naïve ctl mouse and of 
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mice 1, 6, 12, 24 and 72 h after pMCAo, showing increased expression in the peri-infarct area 

already 1 h after pMCAo with peak expression after 24 h (n = 4). Naïve control mice (n = 3) show 

very low expression of IL-6. (I-K) Double immunofluorescence for IL-6 and NeuN 2 h after 

pMCAo (I), and for IL-6 and CDllb (J) and GFAP (K) 24 h after pMCAo. Blue colour indicate the 

DAPI nuclear staining. High power magnifications show co-localization of IL-6 to NeuN+ neurons 

at 2 h (I, arrows), but not to CD11b+ (J, arrows) or GFAP+ (K, arrow) cells after 24 h (or after 72 h, 

not shown). (L-N) Double immunofluorescence showing IL-6R expression in NeuN+ neurons in the 

peri-infarct (L, additionally illustrated in the insert), but not in CD11b+ microglial-like cells (M, 

arrow) or GFAP+ astrocytic cell bodies (N, arrow). IF; Infarct, P-IF; peri-infarct. Scale bars: 100 

µm (B); 80 µm (C); 25 µm (insert, C); 100 µm (D,E);  10 µm (F,G,I-N); 50 µm (H); 10 µm (insert, 

H).   

 

Figure 3. Acute effects of drug administration on mouse behavior and circulating cyto- and 

chemokines. The results are expressed as means±SD and significance levels obtained from Dunnets 

or Dunn’s post-hoc test are displayed as */$/∆p < 0.05, **/$$/∆∆p < 0.01, ***/$$$/∆∆∆p < 0.001 and 

****/$$$$/∆∆∆∆p < 0.0001. When (*) is displayed, means are compared to that of the saline group, ($) 

when means are compared to the IL-6 group, and (∆) when means are compared to the sIL-6R 

group. (A-F) Treatment influenced on mouse behavior when analysing the distance travelled 

(F3,36=6.17, p < 0.01), speed (F3,36=4.16, p < 0.05), wall rearing (F3,36=4.83, p < 0.01), the 

center/perimeter ratio (F3,36=4.43, p < 0.01), total zone changes (F3,36=3.97, p < 0.05) and entries 

into the wall zone (F3,36=18.42, p < 0.0001) (n = 10 mice/group). (G-J) Plasma values of IL-6, sIL-

6R, sgp130 and CXCL1 45 min after injection, show that i.v. administration of IL-6 leads to 

increased plasma-levels of IL-6 and CXCL1, and that administration of IL-6+sIL-6R leads to 

increased levels of IL-6, sIL-6R, CXCL1 and sgp130. Administration of sIL-6R solely results in 

increased plasma sIL-6R.  

 



  

 35 

 

Figure 4. FAM-labelled IL-6 and sIL-6R crosses the intact blood-brain barrier (BBB). Graphic 

presentations (A, C) of the fluorescence intensity of 5-FAM-labelled IL-6 and sIL-6R in cortical 

layer V-VI (B) and striatum (C) administered twice (start and after 60 min) to naïve mice and killed 

after 1.5 h (n = 5 mice/group). Results are expressed as mean±SD and the significance level **** 

represents p < 0.0001. Scale bar: 500 µm (B, D).  

 

Figure 5. No beneficial effect of a single drug injection to pMCAo mice. The results are 

expressed as means±SD and significance levels obtained from Dunnets or Dunn’s post-hoc test are 

displayed as */$p < 0.05, **/$$p < 0.01, ***/$$$p < 0.001 and ****/$$$$p < 0.0001. When (*) is 

displayed, means are compared to that of the saline group, ($) when means are compared to the IL-6 

group. (A) Toluidine blue staining showing the infarct volume in the different treatment groups 72 

h after pMCAo (Ctx = Cortex, IF = Infarct, Str = Striatum). (B) Infarct volume 72 h after pMCAo 

(n = 8 mice/group). (C, D) Grip strength analysis of the front paws 24 h after pMCAo (n = 8 mice), 

show overall improvement of the total grip strength of IL-6 treated mice compared to saline- and 

sIL-6R treated mice (C). However, lack of post-operatively asymmetry was not observed in the IL-

6 treatment group (D). There was no difference between treatment groups in grip strength of the 

right front paw alone (not shown). (E, F) Hargreaves test of the sensory function of the hind paws 

at 24 h, show no preserved sensory function after a single IL-6 injection post-stroke.  

 

Figure 6. Potential beneficial effect of repeated IL-6 administration and potential deleterious 

effect of repeated IL-6+sIL-6R administration. The results are expressed as means±SD and 

significance levels obtained from Dunnets or Dunn’s post-hoc test are displayed as */$/∆/Φp < 0.05, 

**/$$/∆∆/ΦΦp < 0.01, ***/$$$/∆∆∆/ΦΦΦp < 0.001 and ****/$$$$/∆∆∆∆/ΦΦΦΦp < 0.0001. When (*) is 

displayed, means are compared to that of the saline group, ($) when means are compared to the IL-6 

group and (∆) when means are compared to the sIL-6R group. The significance level displayed with 

(Φ), reflects the Mann-Whitney test between naïve controls (ctl) and the saline-treated group, in 

order to evaluate the ischemia-induced changes. (A) Toluidine blue staining showing the infarct 



  

 36 

 

volume in the different treatment groups 24 h after pMCAo (Ctx = Cortex, IF = Infarct, Str = 

Striatum). (B) Infarct volume 24 h after pMCAo (n = 14-16 mice/group). (c) Rotarod test 24 h after 

pMCAo (n = 14-16 mice/group). (D-G) Whole brain levels of mRNA, displayed as fold increase, 

quantified by qPCR and normalized to HPRT1 (n = 10-16 mice/group). (H, I) Whole brain protein 

levels of IL-6 and CXCL1 24 h after pMCAo (n = 10-16 mice/group). (J, K) Classic polymorph 

nuclear morphology (Scale bar: 10 µm) and total number of PMN/mm2 in the infarct and peri-

infarct area (n = 6 mice/group) 24 h after pMCAo. (L-O) Serum values of IL-6, CXCL1, sIL-6R 

and sgp130 24 h after pMCAo (n = 10-16 mice/group). 

 

Figure 7. Beneficial effect of repeated IL-6 treatment of IL-6 KO mice after pMCAo. The 

results are expressed as means±SD and significance levels are displayed as *p < 0.05, **/p < 0.01, 

***/p < 0.001. For behavioral analyses, a paired t-test was carried out between pre- and post 

operatively values and between left and right paw of the same animal. Unpaired Students t-test 

when post-operatively values between treatment groups were assessed. (A) Toluidine blue staining 

showing the IVF 24 h after pMCAo (Ctx = Cortex, IF = Infarct, Str = Striatum). (B) IFVs 24 h after 

pMCAo (n = 13-17 mice) were significantly smaller in IL-6-treated (mean 11.7±6.6) compared to 

saline-treated IL-6 KO mice (mean 19.1±7.10). (C, D) Grip strength analysis of the front paws 24 h 

after pMCAo (n = 13-17 mice), show overall improvement of the total grip strength and grip 

strength of the right front paw in IL-6- compared to saline-treated mice IL-6 KO mice, 24 h after 

pMCAo. (E, F) Hargreaves test of the sensory function of the hind paws, show no impairment 

between the left and right hind paw of IL-6- compared to saline-treated IL-6 KO mice, 24 h after 

pMCAo. Furthermore, a tendency towards improved sensory function of the right hind paw of IL-6- 

compared to saline-treated mice (p = 0.08) 24 h after pMCAo. (G) Whole brain protein levels of 

CXCL1 24 h after pMCAo (n = 13-17 mice). A group of naïve IL-6 KO mice (ctl) (n = 3) was 

included in the analyses of brain protein levels. To evaluate the effect of pMCAo, a Mann-Whitney 

test was carried out between ctl and saline-treated mice, and the result is displayed with (Φ). 
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Thereafter, the difference between the two treatment groups was evaluated, displayed with (*). (H) 

Serum values of sIL-6R 24 h after pMCAo showed a lower concentration in IL-6 treated mice. 

 

Supplementary figures 

 

Supplementary Figure S1. Ischemia-induced IL-6 mRNA expression in murine cortex. ISH 

for IL-6 mRNA. (A, C) Overview (A) and high magnification (C) of IL-6 mRNA expression in 

cortex from naïve ctl mouse. *Sectioning artefact. (B, D) Overview of peri-infarct and infarct (B) 

and high magnification showing single IL-6 mRNA+ cells within the IF (D) of pMCAo mouse at 24 

h. The arrow in (B) and (D) point to the same cell. Ctx, cortex; IF, infarct; P-IF, peri-infarct; Str, 

striatum. Scale bar: 100 µm (A,C) and 200 µm (C,D).  

 

Supplementary Figure S2. Control reactions for IHC of IL-6 and IL-6R and ISH detection or 

IL-6 mRNA. (A-H) IL-6 staining 24 h after pMCAo (A,E), followed by immunoabsorption testing 

with rIL-6 (B,F), IgG control (C,G) and buffer control (D,H). All control reactions were blank. (I-

P) IL-6R staining 24 h after pMCAo (I,M), followed by immunoabsorption testing with rIL-6R 

(J,H), goat serum control (K,O) and buffer control (L,P). All control reactions were blank. (Q-T) In 

situ hybridization for IL-6 mRNA 24 h after pMCAo (Q), followed by RNase “A” digestion prior to 

hybridization (R), hybridization with unlabelled probe identical to the labelled probe in 100-fold 

excess (S), and buffer control (T). All control reactions were blank or with very reduced signal. 

Scale bar: 200 µm (A-D, I-L, Q-T); 50 µm (E-H, M-P). 

 

Supplementary Figure S3. Ischemia-induced expression of IL-6R in neuronal-like cells. (A) 

IL-6R+ cells were not observed in the neocortex of naïve mice (n = 3). (B,C) The expression of IL-

6R was increased in neuronal-like cells already 1 h after pMCAo (B), especially in the peri-infarct 

area, and expression remained elevated at 24 h (C). (D) IL-6R expression in neuronal-like cells had 
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almost vanished 72 h after pMCAo, when IL-6R+ cells were prominent in association with the 

vasculature. Scale bar: 20 µm (A-D).  

 

Supplementary Figure S4. Temperature monitoring of drug-treated naïve and pMCAo-

operated mice shows no difference between treatment group. (A) Shorterm study, (B) 

Intervention study 1, (C) Intervention study 2, and (D) Intervention study 3. For details see text or 

Table 1. Two-way ANOVA for repeated measures was carried out for each study and showed no 

statistical significance between treatment groups at any time points.  

 

Supplementary Figure S5. Acute effects of drug-injection. Serum values 45 min after 

intravenously injection of 500 ng recombinant murine IL-6, sIL-6R, IL-6+sIL-6R (all in 100 µL 

physiologic saline) or 100 µL of saline, in naïve C57BL/6 mice. Results are expressed as 

means±SD and significance levels obtained from Dunn’s post-hoc test are displayed as */$p < 0.05, 

**/$$p < 0.01, ***/$$$p < 0.001. When * is displayed, means are compared to that of the saline 

group, $ when means are compared to the IL-6 group. (A) There were a clear effect of treatment on 

serum IL-10 (Kruskal Wallis, p < 0.001), and the post-hoc test showed that IL-6 induced a 

significant increase compared to the other treatment groups. (B-D) No effect of treatment on IL-5, 

TNF and IL-1β. 

 

Supplementary Figure S6. Drug-effects on cytokines levels in brain and serum after pMCAo.  

Cytokine mRNA (A, B) and protein (C-F) in brain, and cytokine levels in serum (G-J) in C57BL/6 

mice 24 h after pMCAo. Results are expressed as means±SD and significance levels obtained from 

Dunn’s post-hoc test are displayed as *p < 0.05, **p < 0.01, ***p < 0.001. When * is displayed, 

means are compared to that of the saline group. There were no changes between treatment groups. 

 

Supplementary Figure S7. Correlation analyses between IFV, Rotarod performance, brain 

and serum cytokines after pMCAo. Pearson correlation coefficients are represented by (•), 
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otherwise Spearman correlation coefficients are provided. Significance levels are displayed as *p < 

0.05 and **p < 0.01, and ns = non-significant. (A) IFV correlated to Rotarod performance. No 

significant correlations were obtained. (B) IFV correlated to values of brain cytokines/chemokines, 

show a significant correlation of IFV with TNF and IL-5 in saline treated mice. In IL-6 treated 

mice, low concentrations of IL-6 correlated to larger infarct volumes. IFV was correlated to values 

of serum cytokines/chemokines, however, no significant correlations were obtained. 

 

Supplementary Figure S8. PMN infiltration into cortex of saline and drug-treated mice after 

pMCAo. Drug-treatment is indicated in right upper corner as saline, IL-6, IL-6R and IL-6+IL-6R. 

Photomicrographs show the infarct and peri-infarct, showing infiltration with both mononuclear 

leukocytes and PMNs. Arrows point at PMNs. Scale bar: 20 µm (A-D). 

 

Supplementary Figure S9. Correlation analyses between Rotarod performance, brain and 

serum cytokines after pMCAo. Pearson correlation coefficients are represented by (•), otherwise 

Spearman correlation coefficients are provided. Significance levels are displayed as *p < 0.05 and 

**p < 0.01, and ns = non-significant. Rotarod performance was correlated to values of brain 

cytokines/chemokines. A significant inverse correlation for TNF and IL-5 were obtained in the IL-

6+sIL-6R group. Rotarod performance was also correlated to values of serum 

cytokines/chemokines. In saline treated mice, low concentrations of IL-10 correlated to better 

Rotarod performance. In IL-6 treated mice, low concentrations of IL-6, CXCL1 and TNF, together 

with high concentrations of IL-10 correlated with better Rotarod performance. 

 

Supplementary Figure S10. Correlation analyses between IFV and Rotarod performance or 

brain and serum cytokines/chemokines after pMCAo. Pearson correlation coefficients are 

represented by (•), otherwise Spearman correlation coefficients are provided. Significance levels 

are displayed as *p < 0.05. (A) Correlation between grip strength, Hargreaves test and infarct 

volume. No significant correlations were obtained. (B) Rotarod performance 24 h after pMCAo 
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showed comparable performance (n = 17-30 mice/group). (C) Correlation between IFV, brain and 

serum cytokines, showed that high concentrations of brain TNF and IL-5 in the saline group, 

correlates to infarct size. No significant correlations between IFV and serum cytokines were 

obtained. 

 

Supplementary Figure S11. mRNA and brain protein levels of cytokines/chemokines after 

pMCAo in IL-6 KO mice. (A-E) Whole brain levels of mRNA, displayed as fold increase, 

measured by qPCR and normalized to HPRT1 (n = 13-17 mice/group). Significance levels are 

displayed as Φp < 0.05 or ΦΦp < 0.01, and represents the results from Mann-Whitney test between 

naïve ctl and saline-treated mice. No significant differences between saline- and IL-6-treated mice. 

(F-I) Protein levels of IL-10 and TNF in the brain (n = 13-17 mice/group) showed no significant 

differences between saline and IL-6-treated mice. IL-5 was significantly decreased in IL-6-treated 

mice compared to saline treated mice, and a tendency was observed for IL-1β (p=0.07).  

 

Supplementary Figure S12. Correlation analyses between behavior and brain or serum 

cytokines/chemokines after pMCAo in IL-6 KO mice. Pearson correlation coefficients are 

represented by (•), otherwise Spearman correlation coefficients are provided. Significance levels 

are displayed as *p < 0.05 and **/p < 0.01. Brain. IL-6 was still measurable in very low 

concentrations, both in brain and serum 24 h after pMCAo. The concentration of brain IL-6 in IL-6-

treated mice, correlated to total grip strength. Inverse correlation was observed between total grip 

strength and brain IL-5. Serum. Especially serum TNF correlated with both total grip strength and 

grip strength of the right paw in IL-6 treated mice. There was a positive correlation between time to 

paw withdrawal (impaired sensory function) and the concentration of sIL-6R in IL-6-treated mice. 

 

Supplementary Figure S13. Serum levels of CXCL1, IL-1ββββ, TNF, IL-10 and IL-5 in IL-6 KO 

mice after pMCAo. IL-6 treated mice had a significantly lower serum concentration of IL-1β 24 h 
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after pMCAo (n = 13-17 mice/group). Otherwise, no significant differences were observed between 

treatment groups. 

 

Supplementary Figure S14. Variations between naïve IL-6 KO mice and non-littermate 

C57BL/6 mice.  Mice show differences in weight, body composition and cyto- and chemokines in 

serum. The results are expressed as means±SD and significance levels are displayed as *p < 0.05, 

**/p < 0.01, ***/p < 0.001 and ****/p < 0.0001 generated by use of students t-test. (A-D) DXA-

scans show that age and sex-matched IL-6 KO (n = 26) mice and C57BL/6 (n= 11) mice have a 

significantly different weight and skeletal composition. (E-L) Knockout of IL-6 leads to a 

significant decrease in baseline values of CXCL1, IL-10, TNF, IL-5, IL-2, IL-4, and with a 

tendency for sIL-6R. IL-6 in serum from IL-6 KO mice was below detection range (N.D: not 

detected). No significant 
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Table 1. Intervention studies with IL-6, sIL-6R and IL-6 + sIL-6R 
 Treatment 

groups 

Injection time 

post-pMCAo 

Behavioural 

testing at 24 h 

Survival time 

post-pMCAo  

 
Intervention study 1 (C57BL/6, n=24) 

Round 1  
n=4/group 

Saline, IL-6, sIL-6R 5 min (500 ng) Grip, Hargreaves 72 h 

Round 2  
n=4/group 

Saline, IL-6, sIL-6R 5 min (500 ng) Grip, Hargreaves 72 h 

 
Intervention study 2 (C57BL/6, n= 64 ) 

Round 1  
n=4-6/group 

Saline, IL-6, sIL-6R, IL-6+sIL-6R 5 and 60 min  
(both 500 ng) 

Rotarod 24 h 

Round 2  
n=4-6/group 

Saline, IL-6, sIL-6R, IL-6+sIL-6R 5 and 60 min 
(both 500 ng) 

Rotarod 24 h 

Round 3  
n=4-6/group 

Saline, IL-6, sIL-6R, IL-6+sIL-6R 5 and 60 min 
(both 500 ng) 

Rotarod 24 h 

 
Intervention study 3 (IL-6 KO, n= 34) 
Round 1 
n=8-9/group 

Saline, IL-6 5 and 60 min 
(both 500 ng) 

Grip, Hargreaves, 
Rotarod 

24 h 

Round 2 
n=8-9/group 

Saline, IL-6 5 and 60 min 
(both 500 ng) 

Grip, Hargreaves, 
Rotarod 

24 h 
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Highlights 

 

• Manipulation of the IL-6 system after cerebral ischemia has beneficial potential 

• IL-6 and IL-6R are primarily produced by neurons after cerebral ischemia 

• I.v. adm. IL-6 improves outcome independent of infarct volume in C57BL/6 mice 

• I.v. adm. IL-6 reduces infarct volume and improves outcome in IL-6 KO mice 

 



  

Figure 1
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