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•  On-going denervation compensated   
    by reinnervation

•  Failing capacity to maintain large motor  
   units ie failing capacity to compensate  
   denervation by reinnervation
 
•  Uncompensated denervation leads to decrease   
   of muscle strength

Post-polio syndrome – background





Overstress of remaining motor units. 

Overuse of remaining motor units.

Age.

Amyotrophic lateral sclerosis (ALS). 

Persistent polio virus infection.

Immunological factors.

 

Pathophysiology 
denervation-reinnervation



PPS-Inflammation 

CNS
Dalakas et al 1984,
Sharief et al 1984,1991



PPS-Inflammation

Spinal cord
Pezeshkpour and Dalakas 1987 

Miller DC 1995



PPS-Inflammation

Muscle
Dalakas et al 1984 
Dalakas 1988, 1995
Semino-Mora and Dalakas 1998



PPS-inflammation

Peripheral blood 
Ginsberg et al 1989



PPS-inflammation

Peripheral nerve
Brown and Patten 1987



PPS-inflammation

Cytokines

Gonzalez et al 2002

Farbu et al 2007

Fordyce et al 2008







Immune-modulatory drugs used in PPS

 Cortison
 Interferon
 Immunosuppressants
 Immunotherapy



       In order to down-regulate the inflammatory 
reaction in CNS,  16  post-polio patients were 
treated with intravenous immunoglobulin 
(Xepol)
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INF-gamma

P=0.00003
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p 0.007 0.007 0.001 0.003 0.001 0.001 0.047 >0.001



Multicenter, placebo-controlled, double-
blinded study including 142 post-polio patients





Increase of muscle strength

Treated + 4.3%
                                P < 0.05

Placebo - 5.7%
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 Still significant decrease of  
  cytokines

 Still significantly better quality of   
  life for physical domains

One year follow-up study 
Gonzalez et al 2010 

subm for publ



One 
year 
follo
w up IVIG (n=20) Placebo (n=21) Between 

SF-36 
score Before

mean (SD)
1 year

mean (SD) p
Before

mean (SD)
1 year

mean (SD) p
group diff.

p

PF 33.2 (17.9) 39.8 (19.2) 0.014
40.7 

(22.7) 41.0 (22.0) 0.761 0.028
RP 30.0 (28.8) 42.5 (39.8) 0.240 50.0 (40.3) 48.0 (40.0) 0.757 0.278

BP 50.8 (18.1) 55.5 (21.6) 0.189 55.4 (24.5) 50.7 (27.3) 0.224 0.075

GH 53.1 (22.4) 61.3 (24.2) 0.058 58.1 (22.5) 61.8 (24.2) 0.190 0.290

VT 43.0 (22.6) 49.3 (27.3) 0.267 46.4 (23.8) 47.3 (22.2) 0.948 0.300

SF 66.9 (24.1) 73.8 (26.6) 0.094 70.8 (26.3) 71.4 (23.8) 0.897 0.191

RE 61.7 (43.6) 66.7 (40.5) 0.665 63.5 (43.3) 73.0 (38.9) 0.261 0.736

MH 74.4 (17.9) 76.0 (19.3) 0.652 72.6 (17.2) 72.5 (17.6) 0.881 0.844

PCS 28.9 (6.1) 32.8 (8.2) 0.021
34.0 

(10.0) 33.1 (11.3) 0.394 0.020

MCS 48.7 (13.2) 50.0 (12.5) 0.681
47.6 

(12.4) 49.3 (11.9) 0.192 0.531



XEPOL
351 (110)

n=19
400 (112)

n=19 p<0.001

Placebo
306 (111)

n=20
325 (125)

n=20 0.145

6MWT, m

Between groups 0.415

One year follow-upOne year follow-up



Cytokines              PPS (n=37)                  OND (n=30)

(Mean ±SEM) CSF cells PBMCs             CSF cells             PBMCs
TNF* 0.204 ±0.0340 0.058 ±0.0071  0.112 ±0.0198 0.034 ±0.0060

IFN-γ* 0.281 ±0.0380 0.063 ±0.0072                   0.158 ±0.0292 0.040 ±0.0082

TGF-β 0.391 ±0.0234 0.477 ±0.0275                   0.398 ±0.0428 0.403 ±0.0440
IL-10 0.148 ±0.0283 0.009 ±0.0019                   0.129 ±0.0367 0.011 ±0.0030
IL-13 0.336 ±0.0307 0.117 ±0.0087                              0.426 ±0.0448 0.123 ±0.0092
IL-23 0.238 ±0.0446 0.103 ±0.0177                   0.274 ±0.0333 0.125 ±0.0213

*The levels of TNF and IFN-γ were increased in both CSF cells 
(P=0.036 and p=0,02 respectively) and PBMCs (p=0,0164 and 
p=0,0358 respectively) in PPS group compared to OND. 

One year follow-upOne year follow-up



One year follow-up



One year follow-upOne year follow-up



One year follow-upOne year follow-up



2.5 year follow-up study
Gonzalez et al 2010 in preparation

 Cytokine levels ?
 Clinical parameters back to base-
  line



Werhagen and Borg 2010
Submitted for publication

 64 PPS patient treated 

 90 gram IVIG

  



Werhagen and Borg 2010

 Significant effect of IVIG

 2/3 of patients had a decrease of     
  pain (more than 10 units on VAS-scale)

 2/3 of patients had a decrease of fatigue

   



Werhagen and Borg 2010

  Effect correlated to age and  
   paresis

 Better effect if the patients was <    
   10 years of age at the acute   
    polio

   



Östlund et al 2010
In manuscript

 140 patients
 90 g IVIG
 Open study
 Evaluation after 6 and 12 month



Östlund et al 2010
In manuscript



Östlund et al 2010
In manuscript



Östlund et al 2010
In manuscript



Östlund et al 2010
In manuscript



Östlund et al 2010
In manuscript

 Statistically significant effect on Quality-of-life (SF- 
   36) at 6 month
 
 Low vitality - effect

 High vitality - no effect



Other studies

 Farbu et al 2007.
     TNF-alfa increase, effect on pain after 3 months.

 Fordyce et al 2008
    TNF-alfa increase correlated to pain, no intervention



PPS - BIOMARKER



 



Gonzales et al 2009 - a proteomic study of 
CSF

 Disease specific differential  
  expression of 3 proteins

 Involved in neuroinflammation  
  and/or apoptosis 



Prediction of disease groups (vs controls)

DISEASE GROUPS

PPS 

                  ResultsResults



                    3-dimensional result 3-dimensional result 
           of three proteins           of three proteins

Samples - Color by diagnoss 
group
PPS:                    OND/HC:  

:      

Principal component analysis of PPS & controls
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Inflammatory cascade Inflammatory cascade 
- Gelsolin - cell death- Gelsolin - cell death

Kothakota S. et al. 
Science, 278, 294-298, 1997

        TNF-TNF-αα



Summary

 Post-polio patients have an increase of cytokines in 
the CSF indicating an inflammation in the CNS

 The inflammation is down-modulated by means of 
treatment with intravenous gammaglobulin

 Clinically, the down-modulated inflammation leads to 
an increased muscle strength and a better quality of 
life, mainly for the general health and vitality 
domains, as well as for pain and fatigue

 The effect remains for between 1 and 2.5 years after 
treatment



Summary

 The effect of IVIG is correlated to muscle power and 
the age of the patient 

 Low vitality seems to be the most important 
treatment criteria

 Patients with high vitality should not be treated
 Recent studies suggest that there are specific 

biomarkers for PPS in CSF and blood



2010Kristian Borg



2010Kristian Borg



2010Kristian Borg
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