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Abst rac t 
The complement system plays a major role in host defence against microorganisms, 

in inflammation and in the processing and elimination of immune complexes. We have 

conducted serial analysis of gene expression (SAGE) from normal sciatic nerve and 

found high expression of the complement system genes.The results were confirmed 

by RNA studies (RT-PCR and Northern blot hybridisation), as well as Western blot 

analysis and immunohistochemistry. High expression of components of the classical 

pathway, alternative pathway and inhibitory components was observed.The first 

components of complement pathways were found in axons, whereas the inhibitory 

components were detected in the perineurium, thereby protecting the nerve from a 

complement attack. Immunoreactivity towards activated complement factors was 

found in neuroma and after a nerve crush, which represents nerve degeneration. We 

hypothesize that local production of complement in the peripheral nervous system is 

needed for protect ion of the nerve in the normal situation and efficient myelin 

clearance after nerve injury: a prerequisite for normal regeneration and remyelination 

in the peripheral nerve. 
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In t roduct ion 

The complement system plays a major role in host defence against microorganisms, 

and in the processing and elimination of immune complexes.The complement system 

consists of some 30 proteins, which include soluble as well as membrane embedded 

complement proteins [I] .Three distinct routes, the classical, the alternative and lectin 

pathway can activate complement and lead to the formation of the C5b-C9 cytolytic 

membrane attack complex (MAC) [2, 3]. The primary site of synthesis of the majority of 

the plasma complement proteins is liver. Extra-hepatic complement biosynthesis, 

known to occur in several tissues, may be an important factor in triggering and per

petuating local inflammatory reactions, especially in tissues that are shielded from 

plasma components by a blood-tissue barrier [4, 5]. 

The human brain, which is protected by the blood-brain barrier, is an example of an 

organ with its own local biosynthesis of the complement system [3, 6]. Complement 

has been implicated in several neurodegenerative diseases of the brain, like 

Alzheimer's disease, Huntington's disease and Pick's disease [6]. Complement activa

tion is also seen in immune-mediated neurological disorders such as multiple sclero

sis [7]. In the peripheral nervous system (PNS), several types of neuropathy are 

suspected to be autoimmune in origin and circulating autoantibodies to myelin and 

Schwann cell antigens have been detected [8-16]. Complement is implicated as an 

effector in inflammatory demyelination observed in experimental allergic neuritis 

(EAN), a model for Guillain-Barré syndrome, an immune-mediated acquired human 

demyelinating neuropathy [17]. In patients with polyneuropathy and IgM monoclonal 

gammopathy, deposition of several complement components and of the MAC on the 

myelin sheaths of peripheral nerves has been reported [18]. 

Complement proteins have also been implicated in Wallerian degeneration [19]. 

Transection of axons in the PNS leads to a pattern of distal axonal degeneration, fol

lowed by myelin degradation and Schwann cell and fibroblast proliferation. 

Macrophages participate in a wide array of cellular responses during Wallerian degen

eration, and although the exact mechanism for their recruitment is not completely 

understood, complement is believed to play a role. Serum C3 depleted rat show a 

reduced macrophage infi l tration and a reduced capacity to clear myelin [20]. C5 

deficient mice show a delay in macrophage recruitment as well as axonal breakdown 

and myelin sheath elimination after sciatic nerve crush [21]. 

The presence of local synthesis of complement components in human has not been 

showed. In this study, we show high representation of mRNA tags from genes encod

ing genes of the complement system, in a SAGE library derived from adult human sci

atic nerve. The presence and locatisation of the encoded proteins was analysed by 

Western blot and immunohistochemistry. Besides, immunoreactivity directed to 

activated complement components was found in neuroma samples, as well as in rat 

sciatic nerve 4 hours after crush injury. We propose that local production of comple-
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ment in the PNS is necessary for efficient myelin clearance after nerve injury: a 

prerequisite for normal regeneration and remyelination in the peripheral nerve. 

Mater ials and Methods 

Tissue and R N A extraction 

Sciatic nerve samples were obtained at routine autopsy from heart failure patients 

without a history of peripheral nerve disease. Autopsies were performed within 12 h 

after death. Tissue was immediately frozen in liquid nitrogen. The tissue was homog

enized using a mikro-dismembrator (B. Braun Biotech International, Melsungen, 

Germany). RNA was directly extracted from the tissue using Trizol (LifeTechnologies, 

Gaithersburg, MD, USA). Human peripheral nerve neuromas were obtained from 

patients with chronic neuroma pain after traumatic peripheral nerve lesions.The neu

roma samples as well as the neurofibromatosis samples were retrieved from the tis

sue database present in the Academic Medical Centre, Amsterdam,The Netherlands. 

Informed consent was obtained from each patient according to the hospital stan

dards. 

Construction of SAGE library 

The library was constructed from I |ig of sciatic nerve poly-A-RNA, derived from 

one individual, following SAGE Protocol I .Oc by Velculescu et al [22] 

(www.sagenet.org). Data were analysed using USAGE V2 software developed in our 

institute [23] for extraction of single tags from sequence data and subsequent iden

tification on the EMBL human gene database. To further study tag identification and 

expression, NCBI/CGAP's SAGEMAP program was used (http://www.ncbi.nlm.nih.gov/SAGE). 

RNA analysis 

Northern blots were prepared from nerve samples from 5 different individuals, as 

well as from cultured human Schwann cells and human brain cortex. 10 ug of total 

RNA was glyoxilated and size separated on a 1% agarose gel, prepared using the 

glyoxal/NaPi electrophoresis method [24]. Capillary blotting onto a nylon fi l ter 

(N-Hybond,Amersham, UK) was performed overnight in 20 X SSC, followed by ultra

violet cross-linking (0.2 J/cm2) and baking (80°C/2 h). Hybridisations and post-

hybridisation washes were according to the protocols of Church and Gilbert [25]. 

Reverse transcriptase-PCR (RT-PCR) was performed to obtain probes for the C3, CLU 

and D component of complement (primer sequences are available upon request). 

Hybridised probe was visualized and quantified with a Fuji BAS 1800 Imager (Fuji, 

Raytest Benelux B.V., Tilburg, The Netherlands) and analysed with AIDA software 

Raytest (Raytest Benelux B.V). 

http://www.sagenet.org
http://www.ncbi.nlm.nih.gov/SAGE
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Quantitative PCR 

Real-time RT-PCR on the LightCycler (Roche Diagnostics, Mannheim, Germany) was 

performed in a total volume of 10 | i l . I Ox reaction buffer (Taq polymerase, dNTPs, 

SYBR Green, Roche Diagnostics), 4 mM MgCI2, 20 nM of each oligonucleotide and 

cDNA or (water as negative control) were added. Reactions were placed in glass cap

illaries on the lightcycler and subjected to an initial denaturation step of 30 s at 

95 °C, followed by 45 cycles of 10s at 95°C, 5s at the specific annealing temperature 

(GAPDH, 60 °C; C3 and CLU, 55 °C) and I 0s 72°C. At the end of each cycle, the fluo

rescence emitted by the SYBR Green was measured. After completion of the cycling 

process, samples were subjected to a temperature ramp (from 5°C above annealing 

temperature to 95°C at 2°C/s) with continuous fluorescence monitoring for melting 

curve analysis. Apart from primer-dimers, a single narrow peak was obtained for each 

PCR product by melting curve analysis at the specific melting temperature, and only 

a single band of the predicted size was observed on agarose gel electrophoresis. 

Expression levels were normalized to the expression of GAPDH. All experiments were 

performed in triplicate. 

Western blot analysis 

Human cerebral cortex, liver and nerve were homogenized using a mikro-dismembra-

tor in liquid nitrogen. The homogenates were resuspended in 20 mM Tris-HCI, 6% 

glycerol, 0.4% SDS and 5 mM DTT. Protein extracts were boiled for 5 min, separated 

by SDS-PAGE using 10% polyacrylamide gels, and transferred to nitrocellulose filters. 

The nitrocellulose filters were pre-incubated in 50 mM Tris-HCI buffered saline con

taining 0.5%Tween-20 (TBST) and 5% non-fat dry milk powder. Blots were incubated 

for 3 hours with the primary antibody (Table I) in TBST containing 5% non-fat dry 

milk. Membranes were washed in TBST and incubated with horseradish peroxidase-

conjugated secondary antibody for 2 h. Membranes were washed in TBST and 

immuno-reactivity bands were detected using enhanced chemiluminescence (ECL, 

Amersham, Piscataway, NJ). 

Immunohistochemistry 

Frozen nerve sections (5 (im) were fixed on glass slides with acetone. Endogenous 

peroxidase was inactivated by a 30 min incubation in 0.3% H 2 0 2 in PBS. 

Immunohistochemical staining was performed by a three-step immunoperoxidase 

technique. The slides were incubated with normal goat serum for 10 min and then 

incubated with the first antibody diluted in BSA for 60 min (Table I), followed by 

incubation for 30 min with a 1:300 dilution of a biotinylated secondary antibody in 

PBS/10% human AB serum (DAKO).They were then incubated for 30 min with horse

radish peroxidase labelled polystreptavidin (ABC-complex, DAKO). Peroxidase 

activity was visualized by incubation of the slides with 0.05% 3-amino-9-ethylcar-



bazole in acetate buffer for 10 min fo l lowed by a counters ta in ing w i t h hematoxy l in 

fo r 30 s. Paraffin embedded nerve sect ions (7 urn] of the neuroma, neu ro f i b roma to 

sis and ra t sciatic nerve samples were deparaf ined using xy lo l and an ethanol 

sequence. Endogenous peroxidase act iv i ty was inactivated by a 30 min incubat ion in 

0.3% H 2 O 2 in methanol . Slides we re heated at ful l p o w e r in a microwave in c i t ra te 

buf fer 0.0 I M p H 6.0 f o r 3 m i n . The rea f te r , t he i m m u n o h i s t o c h e m i c a l s ta in ing was 

p e r f o r m e d as descr ibed above.Al l incubat ions were pe r fo rmed at r o o m tempera tu re . 

Slides incubated w i t h secondary ant ibody o r the isotype alone served as negative 

con t ro l s . An t i bod ies di lut ions were de te rmined on skin biopsy samples f r o m comple

men t pos i t ive psoriasis patients and healthy con t ro ls . Images we re captured using a 

digi tal camera ( C o l o r v i e w l 2) and analysis sof tware (AnalySIS, Soft Imaging Systems 

G m b H , Z o e t e r w o u d e . T h e Nether lands) . 

Table I. Antibodies used for Western blot and immunohistochemistry 

A n t i s e r u m 

C l q 

C l r 

C I s 

C I - I N H 

C3 

C3d 

C3c 

CR3 

M A C 

C4BP 

MCP 

DAF 

C D 5 9 

CLU 

FD 

HF 

IF 

PFC 

S o u r c e 

Nord ic 

Biodesign 

Nord ic 

Sigma 

Cappel 

D A K O 

D A K O 

D A K O 

Sigma 

Calbiochem 

Quide l 

Quidel 

Gift* 

Quide l 

G i f t * * 

Quide l 

Quide l 

Quide l 

Host 

species 

Rabbit 

Rabbit 

Goat 

Rabbit 

Goat 

Rabbit 

Rabbit 

Mouse 

Mouse 

Rabbit 

Mouse 

Mouse 

Mouse 

Mouse 

Rabbit 

Goat 

Goat 

Goat 

Di lut ion 

W e s t e r n 

1 

1 

1 

1 

1 

1000 

1000 

1000 

2000 

3000 

N D 

N D 

1:2000 

N D 

1:1000 

N D 

N D 

1 

1 

1 

1 

1 

1 

1000 

1000 

200 

2000 

2000 

2000 

Di lu t ion 

I m m u n o 

:250 

1 

1 

1 

1 

1 

1 

250 

250 

250 

2000 

1000 

1000 

N D 

1 

1 

1 

1 

1 

1 

100 

1000 

50 

100 

800 

1000 

N D 

N D 

N D 

N D 

Kindly provided by S. Asghar. Dept. of Dermatology. AMC. The Netherlands 

Kindly provided by R. Veerhuis, Dept. Pathology. VU. The Netherlands 

N D = not determined 

N e r v e c rush i n j u r y 

Twe lve-week-o ld PVG rats weighing 150-200 g (Har lan, UK) were housed in pairs in 

plastic cages in the animal house and given ra t chow and wa te r ad l ib i tum.A l l the sur

gical procedures were performed w i th aseptic techniques. For nerve crush, the animals 
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were anaesthet ized under in teraper i toneal in ject ion of a m ix tu re of ketamin 

(Eurovet, The Nether lands) , r ompun (Bayer, Germany) and a t roph ine (Eurovet , The 

Nether lands) in a concen t ra t ion of 4 :2 :1 . The r ight sciatic nerve was exposed th rough 

a gluteal muscle spl i t t ing incis ion. A t this locat ion, the nerve t r u n k was crushed fo r a 

30 second per iod between an a r t e r y clamp and a st i tch was placed at the site of the 

crush. O n the left side, a cont ro l operat ion was per formed which exposed the sciatic 

nerve but d id n o t d is turb it, and a st i tch was also placed. The muscle and skin we re 

then closed wi th stitches. A t each selected post-operative t ime (0, 4, 8, 12, 18 and 24 h), 

t w o rats we re anaesthetized and intracardial ly perfused w i t h 10% formaldehyde. Both 

sciatic nerves were removed and each nerve was div ided in 6 pieces.The nerve pieces 

were placed in fo rmaldehyde f o r post sampling f ixa t ion overn ight and then processed 

and embedded in paraf f in.The blocks we re sect ioned serially at 7 j j m . Sections were 

sta ined w i t h an t ibod ies against C3c and C 3 d , as desc r i bed above . L u x o l fast b lue 

staining was performed to determine the quality of the sample and the morphological 

changes due t o the crush. 

Results 

H i g h e x p r e s s i o n of c o m p l e m e n t c o m p o n e n t s f o u n d by 

ser ia l analysis o f g e n e e x p r e s s i o n . 

O u r SAGE l ibrary f r o m human adult sciatic nerve conta ined 9422 unique tags, of 

which 2279 tags (24.2%) we re detected m o r e than once ( f rom 2 t o 264 t imes). 

Mapping the SAGE tags t o known genes and m R N A s in the GenBank database 

showed expression of per iphera l nerve-specif ic genes, a high representa t ion of genes 

involved in l ipid metabol ism as wel l as housekeeping genes (R.R. de Jonge, manuscr ip t 

submi t ted) . Surprisingly, we also found a high representa t ion of componen ts of the 

comp lemen t system.Table 2 gives an overv iew of the var ious components of comple

ment found in the sciatic nerve SAGE l ibrary, in compar ison t o a l ib rary cons t ruc ted 

f r o m cu l tu red human Schwann cells and th ree l ibrar ies obta ined f r o m the NCBI 

SAGE data websi te ( the Duke precrisis f ibroblast l ibrary, normal l iver and a combina

t i on of all normal brain l ibrar ies are given). Compar ing the nerve and Schwann cell 

l ibraries a l lowed us t o identi fy genes specific fo r the to ta l nerve env i ronment . Brain 

SAGE data were used t o compare PNS and CNS.The data f rom f ibroblasts and l iver 

were included because they are a known source fo r complement . 

In the nerve l ibrary, the classical pathway was represented by CIQA, CI QB, CIQC, CIR, 

CIS and C4 (Table 2). From the al ternat ive pathway, the D componen t of comp lemen t 

(FD) was highly represented, wh i le fac tor B (FB) and properd in (PFC) were n o t detect 

ed. The centra l c o m p o n e n t C3 was highly expressed. The regu la tory componen ts 

expressed in nerve included c luster in (CLU), decay accelerat ing factor (DAF), mem

brane co fac tor p ro te in (MCP), fac to r H (HF), C I inh ib i to r (CI-INH), CD59 



Table 2. Expression of genes' of the complement system in PNS and other tissues 

Complement 
route 

Classical 
Pathway 
Alternative 
Pathway 

Common 
pathway 

Regulatory 
proteins 

Receptors 

Tag 

CTCTAAGAAG 

AATGAATGAA 

AAATCAATAC 

TTCTGTGCTG 

ACTGAAGAA 

AACACAGCCT 

GGCCACGTAG 

GTTGTCTTTG 

CAACTAATTC 

GGCTTGCTGA 

CTTTCAAGA 

TTGGGATGGG 

CTCTCCAAAC 

TGACTGGCAG 

ATAGACATAA 

ACTTTAATGA 

Gene 

C IQ , alpha 

C I Q , beta 

C I Q , gamma 

CIR 

CIS 

C4 

FD 

C3 

CLU 

DAF 

MCP 

HF 

CI- INH 

CD59 

ClqBP 

C5ARI 

CO 

o 
d. 
01 

> 
o 
Z 

8 

1 

3 

5 

3 

2 

16 

21 

22 

1 

0 

3 

1 

2 

1 

5 

o 
u 

c 
c 
re 

JZ 

u 

o-
1 

0 

1 

1 

0 

0 

0 

0 

2 

1 

0 

0 

1 

0 

0 

vO 
CO 

o 
CO 

CO 

f 
• * • 

so 
ci 
c 
'a 
CO 

1 

< l * * * 

0 

0 

< l 

1 

0 

1 

28 

0 

< l 

0 

1 

8 

1 

<l 

o 
CO 
sO 

>o 

01 

> 

3 

<l 

< l 

<l 

5 

20 

<l 

63 

24 

0 

1 

21 

2 

0 

< | 
< | 

a 
re 

XI •—• 

s s 
_Q CO 

iE 5°. 
0 

0 

<l 

<l 

< l 

< 1 

0 

0 

< l 

< l 

< l 

0 

0 

2 

3 

0 

* Expression per 10000 tags 

** 0 means no tags present in analysed library 

*** < l means expression low than I tag per 10000 

and C I Q b inding p ro te in (C/QBP).The tag f rom m R N A encoding the recep to r C5ARI 

was present in the nerve l ibrary. C2, C5, C8, C9, PFC, Factor I (IF), C4BP, v i t ronec t in , 

CIQRi, C3AR, CRI and CR2 w e r e no t present in the nerve l ib rary .The high represen

ta t ion of the components of comp lemen t is specific f o r the nerve env i ronment , as the 

l ibrar ies cons t ruc ted f rom cu l tu red f ibroblasts and Schwann cells did no t show high 

express ion of the complement componen ts . The expression of C3, FD and CLU was 

ver i f ied by N o r t h e r n blots and RT-PCR analysis. The expression of C3, FD and CLU 

was ver i f ied by N o r t h e r n b lo ts and RT-PCR analysis using R N A f r o m sciatic nerve of 

5 d i f ferent individuals (data n o t shown) . 

P r o t e i n e x p r e s s i o n o f c o m p l e m e n t 

c o m p o n e n t s in sciat ic n e r v e , c o r t e x and l iver 

W e s t e r n b l o t analysis of samples f r o m sciatic nerve, l iver and brain c o r t e x was used 

t o de te rm ine p ro te in levels of the comp lemen t components (Figure I ) . C I Q , C I R , 

C3 , C L U , IF and PFC could be detected in all 3 tissues. FD was only present in the 
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Figure I Visualization of the complement components in human cortex, liver and sciatic nerve. 
Western blot analysis of protein extracts from human cortex, human liver and human sciatic nerve protein 
using specific anti-complement antibody fractions were performed as described in Materials and Methods. 
Equal amounts of protein were loaded and confirmed by coomassie staining (data not shown). 

nerve. CIS, C5, C4BP and HF showed expression in both liver and nerve. DAF, MCP, 

C3d and MAC were not suitable for Western blot analysis, since these are soluble 

factors. None of the complement proteins tested were detected in the Schwann cells 

(data not shown). In all cases, the detected protein was of the expected size. 

Protein locatisation using immunohistochemistry 

To localize the site of protein expression in vivo we performed immunohistochem

istry on normal human nerve cross-sections. The immunoreactivity of various anti-

complement antibodies to the different nerve components is summarized in Table 3 

and representative examples are given in Figure 2. Axons were specifically immuno-

stained by antibodies for C I S (Figure 2A) and C I R. CD59 antibody stained the myelin 

sheath (Figure 2B). The border of the myelin sheath, which probably contains the 

nucleus of the Schwann cell, was stained with the antibodies for CIS (Figure 2A), 

CI R, C4BP (Figure 2C), and DAF. The endoneurium showed immunoreactivity to 

CLU (Figure 2 D ) , C I Q (Figure 2E), C I - INH, C3, CD59 and DAF, while C I R, CIS, 

CI - INH, CD59, CLU (Figure 2D), C4BP (Figure 2C) and DAF, showed staining of the 

perineurium.The MAC was detected in the blood vessels of the nerve fibre (Figure 2F). 

The erythrocytes showed immunoreactivity to the C I Q antibody (Figure 2E), 
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Figure 2. Immunohistochemistry of complement components in the normal human sciatic nerve. 
Ant i -CIS antibody stains axons (closed arrow head) and Schwann cells (open arrow head) (A). Ant i-CD59-
antibody stains the myelin sheath, endoneurium and epineurium (B). Ant i-C4 binding protein antibody stains 
the Schwann cells (open arrow head), perineurium (closed arrow head) and blood vessels (C).Ant i-CLU anti
body stains perineurium (closed arrow head) and endoneurium (open arrow head) (D) .An t i -C lq antibodys-
tains erythrocytes (closed arrow head) and endoneurium (open arrow head) (E). Anti-MAC antibody stains 
the blood vessels (closed arrow head) in the nerve (F). Scale bar is 100 urn. 
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Figure 3. Activated complement components in chronic disease.The perineurium of the sprouting nerve fibres 
in the neuroma show immunoreactivity to the anti-C3c antibody (A) and the proliferating Schwann cells (B). 
Positive staining of the perineurium of a neu ro f i b roma tos i s sample using an antibody against C3c (C). while 
normal nerve showed no immunoreactivity (D). Scale bar is 100 urn. 

CI - INH, CD59 and DAF. The FD antibody was not suitable for immunohistochem-

istry. Staining with the macrophage antibody, LCA, produced negative results. 

Complement expression in disease 

In order to see whether complement activation occurs in disease, we analysed tissue 

from neurofibromatosis and neuromas.These samples showed presence of the acti

vated complement components. We tested for C3c and C3d, breakdown products of 

C3b, a biologically active fragment of C3 that is produced when complement is acti

vated by either the classical or alternative pathway. Deposition of C3c and C3d indi

cates activation of the complement system. C3c is a soluble factor and C3d is the 

final C3 cleavage product that remains bound to the activation sites. Detailed analy

sis of six neuroma samples showed immunoreactivity for C3c and C3d (Table 3).The 

neuroma samples showed positive staining of the perineurium of sprouting fibres for 

antibodies against the activated complement components, C3c (Figure 3A) and C3d, 

while normal human sciatic nerve showed no staining (Figure 3D). In other neuroma 

samples, proliferating Schwann cells reacted with antibodies against the activated 
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comp lemen t components (Figure 3B, Table 3). In the neuro f ib romatos is sample the 

per ineur ium showed immunoreac t iv i t y to bo th ant ibodies against act ivated comple

ment , C3c (Figure 3C) and C3d. 

C o m p l e m e n t e x p r e s s i o n a f t e r n e r v e in jury 

To study if comp lemen t components also play a ro le early in Wal le r ian degenerat ion 

we p e r f o r m e d nerve crush exper iments in rats.The nerve in jury immediate ly changed 

the morpho logy of the nerve f ibres. A severe damage of the myelin sheath was seen 

4 h af ter crush (Fig 4A and 4B). A t the site of myelin damage C3c was detected 

(Figure 4 C ) . T h e immunoreac t i v i t y against C3c was stil l present after 24 h but most 

p ronounced between 4 and 8 h af ter crush (Figure 4C-E) . Staining w i t h an an t i -C3d 

ant ibody showed early react iv i ty in the myelin sheath (4 h af ter crush, Figure 4G) . 

However , at 8 h after nerve crush in jury C3d was de tec ted around the b lood vessels 

(Figure 4H) . Immunoreact iv i ty against C3d s lowly disappeared unt i l 24 h after crush 

in jury (Figure 41).The con t ro l nerve was negative fo r both antibodies (Figure 4F and 4J). 

Discussion 

In this r epo r t , we show endogenous expression of components of the comp lemen t 

pathway in the normal human per iphera l nerve. Using SAGE, we found expression of 

genes of the classical pathway (CIR, CIQ, CIS and C4), of the al ternat ive pathway 

(FD), and genes of the c o m m o n pathway (C3). N o t only act ivat ing, bu t also inh ib i to 

ry and regula tory prote ins (CLU, CI-INH, C4BP, MCP, DAF and CD59) are expressed in 

the per iphera l nerve. W e have con f i rmed the expression by N o r t h e r n b lo t and RT-

PCR analysis of m R N A ex t rac ted f r o m 5 d i f ferent human sciatic nerve samples. The 

presence of the comp lemen t pro te ins was demons t ra ted by W e s t e r n b lo t analysis. 

This analysis also detected the PFC, IF, C5 and C4BP prote ins, a l though they we re no t 

represented in the l ib rary .There can be several explanat ions f o r this discrepancy. For 

instance, this can be due t o external comp lemen t synthesis, pro longed stabi l i ty of the 

p ro te in and the re fo re low m R N A levels o r i nco r rec t SAGE tag annota t ion . 

The expression of comp lemen t by cells in the per iphera l nerve seems t o depend on 

factors specific fo r the nerve env i ronment , as in vitro cu l tu red f ibroblasts and Schwann 

cells do no t have a high expression of the complement system. Immunohis tochemist ry 

con f i rmed the presence of C I S , C I R , C3, C4BP, DAF and C D 5 9 in myel inat ing 

Schwann cells. The quest ion whe the r all those comp lemen t components are p r o 

duced by Schwann cells exclusively o r whe the r f ibroblasts, resident macrophages or 

the b lood complement reservo i r play an addi t ional ro le , cannot be resolved w i t h 

these exper iments . However, the high levels of m R N A fo r these prote ins in the 

pe r i phe ra l ne rve suggest t ha t Schwann cel ls are the m o s t l ikely source o f m R N A 
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synthesis.Thus, we conclude that, like the CNS [3], the PNS has its own complement 

biosynthesis. The results are in line with previous reports showing the presence of 

the components of the complement system in the rat and human sciatic nerve [26-29]. 

The locatisation of the various complement components differed considerably 

between axon, Schwann cell, endoneurium and perineurium (Table 3). We propose 

that the regionalized expression of the complement system might play a role in 

regeneration of the PNS. In the normal nerve the first components of the classical 

and alternative pathway were present in the axon, but none of the inhibitory compo

nents are expressed, leaving the axon without direct protection. The presence of 

CD59 protein in myelin protects the myelin sheath from complement. Koski et al. 

[28] described that complement activation on myelin is downregulated at the step of 

the assembly of terminal complement complexes, including C5b-9, due to the pres

ence of CD59, suggesting a protective role for the complement system.Vedeler et al. 

[30] described that the presence of CRI on the Schwann cell may be of importance 

in limiting damage caused by the complement cascade. We did not find expression of 

CRI in the SAGE library of the nerve, but showed expression of other inhibitory 

factors in the perineurium.The scaffolding of the nerve, as well as the Schwann cell 

and myelin, are thus protected from complement-induced damage in the normal 

situation. We propose that following disruption of this architecture, rapid activation 

of the complement system will take place. Shortly after nerve injury, Schwann cells 

dedifferentiate, proliferate and actively initiate myelin degradation to facilitate nerve 

regeneration, a process called Wallerian degeneration [31, 32]. Thus, activation of 

complement during Wallerian degeneration can lead to rapid and efficient clearance 

of the axons and subsequently myelin without damage to the surrounding tissue. 

Previous research has shown that complement components affect both the ability of 

the macrophages to invade the nerve and their ability to ingest myelin particles. Bruck 

et al. [33] showed that degenerating myelin is opsonised by complement components, 

as deficiency of C3 blocks myelin phagocytosis. Dailey et al. [20] have shown in C3 

depleted Lewis rats that degeneration and regeneration after a crush injury of the 

sciatic nerve was delayed and partially failed. Due to the fact that most complement 

components have multiple functions, the role of the complement in nerve degenera

tion and regeneration cannot be fully proven by these depletion studies. Proliferating 

Schwann cells might activate complement to initiate myelin degradation.To test this 

hypothesis, we have analysed two disease states. First, we tested whether activated 

components of complement (C3c and C3d) were present in chronic diseases of the 

PNS, like neurofibromatosis and neuroma. Neuroma occurs in traumatized nerves in 

which the regeneration of axons into the distal stump for some reasons is made 

impossible. A neuroma can best be considered as uncontrol led axonal g rowth , 

supplemented by growth of Schwann cells, perineurial cells, blood vessels, and 
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connective tissue cells and fibres.The presence of activated complement components 

in the proliferating Schwann cells in the neuroma sample suggests that Schwann cell 

are able to activate complement even in the absence of Wallerian degeneration, 

pointing to a role for complement components in the opsonisation and uptake of 

myelin and the recruitment of macrophages. 

Further, we studied nerve degeneration induced in rats by nerve crush injury. After 

four hours we found immunoreactivity towards activated complement components, 

indicating a role for complement during early degeneration. Immunoreactivity was 

seen in the myelin sheath of the injured nerve (Fig 4C) and was absent in control 

nerves. Activation of the complement system by either the classical, alternative or 

lectin pathway results in the cleavage of C3 to C3b. Subsequently, C3b is cleaved into 

C3c and C3d. Previous studies have shown presence of C3d on the myelin sheath sur

face of patients with immune-mediated neuropathies [I I].The authors suggested that 

a mechanism must exist on the surface of the Schwann cell to induce degradation of 

C3b into C3c and C3d. Combining our results with Hayes et al. suggests that the 

proliferating Schwann cells themselves might be able to activate complement. One of 

the important functions of C3b is to activate the terminal lytic sequence of comple

ment, which can cause damage to the cell membrane through the formation of the 

MAC. 

In summary, our data provide evidence for the presence of an endogenous biosynthe

sis of many components of the complement system within the sciatic nerve. Presence 

of activated components of the complement system after acute and chronic nerve 

injury suggests an active role for the complement system in regeneration of the 

peripheral nerve. We propose that the local biosynthesis of complement contributes 

to the protection of the nerve, possibly by facilitating the maintenance, repair and 

regeneration of peripheral nerve myelin. 
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