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Abstract  Phospholipase A2 (PLA2) is a key enzyme in 
the metabolism of membrane phospholipids. PLA2 influ- 
ences the processing and secretion of the amyloid precur- 
sor protein, which give rise to the [3-amyloid peptide, the 
major component of the amyloid plaque in Alzheimer's 
disease (AD). We investigated the PLA 2 activity in two 
samples: in post-mortem brains from 23 patients with AD 
and 20 non-demented elderly controls, and platelets from 
16 patients with a diagnosis of probable AD, 13 healthy 
controls and 14 elderly patients with a major depression. 
In AD brains PLA2 activity was significantly decreased in 
the parietal, and to a lesser degree in the frontal, cortex. 
Lower PLA2 activity correlated significantly with an ear- 
lier onset of the disease, an earlier age at death and higher 
counts of neurofibrillary tangles and senile plaques. In 
platelets PLA2 activity was also significantly reduced in 
the AD group as compared with healthy and depressed 
controls. The reduction of the enzyme activity in platelets 
correlated with an early disease onset mad with the sever- 
ity of cognitive impairment, indicating a relationship be- 
tween abnormally low PLA 2 activitiy and a more severe 
form of the illness. The present results provide new evi- 
dence for a disordered phospholipid metabolism in AD 
brains and suggest that reduced PLA 2 activity may con- 
tribute to the production of amyloidogenic peptides in the 
disease. Further studies are needed to examine whether 
PLA 2 activity in platelets may be useful as a peripheral 
marker for a subgroup of patients with AD. 
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Introduction 

Alterations in the processing of  the amyloid precursor 
protein (APP) may give rise to the 13-amyloid peptide 
(~A), the major component of the amyloid plaque in Alz- 
heimer's Disease (AD). Phospholipase A2 (PLA2) is a key 
enzyme in the metabolism of membrane phospholipids, 
cleaving the sn-2-fatty acid ester to produce lysophospho- 
lipids and free fatty acids. Emmerling et al. (1993) re- 
ported that the inibition of PLA2 decreased the carbachol- 
stimulated secretion of APP from cells transfected with 
the human m 1-muscarinic receptor, whereas the activation 
of PLA 2 increased APP secretion. Experimental evidence 
suggests that increased APP secretion by cells reduces the 
production of amyloidogenic peptides (Caporaso et al. 
1992). 

In light of this evidence, we investigated the activity of 
PLA2 in brain tissue and in pIatelets from patients with 
AD compared with non-demented controls. Patients with 
AD showed a significant reduction in enzyme activity in 
both tissues. The data presented here on brain tissue have 
been reported previously (Gattaz et al. 1995 a). 

Methods 

Brain samples 

Autopsied brain samples of parietal and frontal cortex (Brodman 
areas 7 and 32, respectively) were obtained from the Medical Re- 
search Council Alzheimer's Disease Brain Bank, Institute of Psy- 
chiatry, London. Samples from 23 cases of neuropathologically 
confirmed AD (7 males and 16 females; mean age + SD 81.0 + 7.5 
years) and 20-non demented controls (10 males and 10 females; 
mean age + SD 75.6 _+ 9.8 years) were investigated. The degree of 
dementia was assessed wilhin 12 months before death in all but 2 
AD patients with the Mini-Mental State Examination (MMSE; 
Fotstein et al. 1975). The causes of death were similar in patients 
with AD and controls and were usually due to terminal circulatory 
or respiratory failure. In patients with AD the means _+ SD for the 
age at disease onset was 72.9 _+ 6.9 years, the duration of illness 
9.5 -+ 5.8 years and the MMSE score 3.1 + 4.9. 

Histological counts were obtained from 16 patients with AD. 
Histological and counting methods for senile plaques (SPs) and 
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Table I Demographic and neurochemical data in Alzheimer's 
disease patients and non-demented controls (means + SD). PLA~ 
activity is given in pmol/mg per 45 min arachidonic acid 

Alzheimer (n = 23) Controls (n = 20) 

Age 81.0 + 7.5* 75.6 +_ 9.8 
Gender 7 M; 16 F 10 M; 10 F 
Post-mortem time (h) 30.7 + 14.5 38.1 _+ 11.1 
PLA2 parietal 27.4 + 20.2** 43.4 + 23.8 
PLA2 frontal 26.9 + 16.4" 37.9 _+ 19.8 

*P <0.10 
** P < 0.005 (compared with controls) 

Table 2 Age, gender and PLA2 activity (in pmol/mg protein/min 
arachidonic acid) in patients with AD, healthy and psychiatric con- 
trois (means _+ SD) 

Alzheimer Healthy Major 
(n = 16) controls depression 

(n = 13) (n = 14) 

Age 70.2 + 11.3 62.6 + 9.7 62.3 +_ 12.2 
Gender 4 M; 8 F 9 M; 4 F 6 M; 8 F 
PLA2 activity 14.3 _+ 4.6* 19.4 +__ 6.4 21.3 + 6.0 

*P < 0.03 compared with healthy controls and P < 0.002 com- 
pared with depressed controls 

In the A D  group both p-PLA2 and f - P L A  2 corre la ted 
pos i t ive ly  with age at death (r s = 0.37, P < 0.05 and r s = 
0.25, n.s.). In controls  the correlat ions with age were  neg-  
at ive,  but  non-signif icant .  Because  pat ients  wi th  A D  were  
s l ight ly  o lder  than controls  (P < 0.10). PLA2 values  were  
correc ted  for age by  the regress ion  coeff ic ient  in pat ients  
and controls  for  further compar i sons  and par t ia l  correla-  
tions. A g e  correc t ion  increased the s igni f icance  of  the dif- 
ference for  p - P L A  2 (P < 0.001) and the decrement  o f  f- 
P L A  2 in the A D  group became  s ignif icant  (P < 0.05). 

Both  p - P L A  2 and f-PLA2 corre la ted  pos i t ive ly  with 
age o f  onset  (r s = 0.60, P < 0.005 and r s = 0.58, P < 0.005, 
respect ively) .  F-PLA2 corre la ted  nega t ive ly  with counts 
of  NFTs (rs = -0 .56 ,  n = 16, P < 0.01) and SPs (r s = -0 .47 ,  
n = 16, P < 0.05). No s ignif icant  correla t ions  were  found 
be tween  p - P L A  2 and his to logica l  counts.  

No  correla t ions  were  found be tween  both p - P L A  2 and 
f-PLA2 and Min i -Men ta l  State scores,  durat ion of  i l lness 
and pos t -mor tem interval .  No s ignif icant  differences were  
found be tween  p-PLA2 and f-PLA2 within the A D  group 
or within the control  group (Table 1). With in  both groups 
there were  also no differences in the enzyme  act ivi ty be- 
tween males  and females .  

neurofibrillary tangles (NFTs) have been described elsewhere 
(F6rstl et al. 1992). The mean counts/mm ~ -+ SD (range) were: SPs 
parietal 5.0 +_ 6.3 (0-22), SPs frontal 4.1 • 7.2 (0-27), NFTs pal-i- 
etal 4.7 + 4.6 (0.4-18) and NFTs frontal 5_9 + 7.6 (0.1-24). 

The demographic and biochemical data and the post-mortem 
interval are given in Table 1. There was a trend for the AD group 
to have a higher age at death than the control group (P < 0.10). The 
difference in post-mortem interval, with shorter mean time from 
death to storage in the AD group, did not reach statistical signifi- 
cance (P = 0.15). 

Platelets 

We determined the platelet PLA2 activity in 16 patients with a 
"probable" AD (NINCDS-ADRDA criteria) as compared with 13 
healthy controls and to 14 psychiatric patients with a major de- 
pression (Table 2). There were no significant differences between 
the three groups regarding age and gender distribution. In patients 
with AD the cognitive performance was assessed with the CAM- 
COG and the MMSE. 

The methods for tissue preparation and determination of PLA2 
activity have been described in detail elsewhere (Gattaz et al. 1995 
a and b for brain and platelets; respectively). 

Data were analysed by non-parametric tests (Mann-Whitney, 
Wilcoxon and Spearman correlati0n coefficients = rs). 

Results 

Brain  t issue 

The  A D  group showed  s ignif icant ly  lower  par ie ta l  PLAz 
act ivi ty  (p-PLA2) than controls  (P < 0.005). Fronta l  PLA2 
act ivi ty  (f-PLAz) was also reduced  in the A D  group, but  
the di f ference fa i led  to reach statist ial  s ignif icance (P = 
0.051; Table 1). There  was a s ignif icant  corre la t ion be-  
tween  p - P L A ;  and f-PLA2 in pat ients  with A D  (rz = 0.55, 
P < 0.005),  but  not  in controls  (r s = 0.28, n.s.). 

Platelets  

Platelet  P L A  2 act ivi ty  was s ignif icant ly  reduced  in pa-  
tients with A D  as compared  with heal thy controls  (P < 
0.03) and to pat ients  wi th  ma jo r  depress ion  (P < 0.002; 
Table 2). The  reduct ion  in enzyme  act ivi ty  corre la ted with  
an ear ly onset  of  i l lness (r s = 0.43, P < 0.10) and with the 
cogni t ive  impa i rmen t  in the C A M C O G  (r s = 0.55, P < 
0.05). The A D  patients  with an M M S E  score lower  than 
10 (median)  showed  s ignif icant ly  lower  PLA2 act ivi ty 
(11.8 + 3.1) than pat ients  with an M M S E  score higher  
than 10 (16.2 + 4.6, P < 0.05). 

Discussion 

Reduced  PLA2 act ivi ty  in the bra in  suggests  a decreased  
b reakdown  of  membrane  phosphol ip ids  by  PLA2 in pa- 
t ients with AD.  The  degree  of  the PLA2 reduct ion  was re- 
lated to the severi ty  of  the pa thologica l  process ,  because  
in our A D  sample  the low enzyme  act ivi ty  was corre la ted  
with an ear l ier  onset  o f  the disease,  an ear l ier  age at death 
and higher  NFTs and SPs numbers .  

The hypothes is  of  a decreased  b r eakdown  of  mem-  
brane phospho l ip ids  in A D  is suppor ted  by  the results  of  
an in vivo 31p N M R  spectroscopy investigation of  the phos- 
phomonoes te r s  and phosphodies te rs  in pat ients  wi th  A D  
(Brown et al. 1989). Phosphomonoes ters  are the precursors 
and phosphodies te rs  are the b r eakdown  products  of  mem-  
brane phospho l ipds  in the brain.  Pat ients  wi th  A D  showed 
increased phosphomonoes te r s  and phosphomonoes te r s /  
phosphodies te rs  rat ios in the temporopar ie ta l  region.  Re-  
duced PLAz activity,  as demons t ra ted  in our study, may  
contr ibute  to this increment  o f  phosphomonoes te r s  in AD. 



In the brain docosahexanoate (22:6, n-3) is one of the 
principal free fatty acids released by the deacylation of  
membrane phospholipids through PLA2 (Bazan et al. 
1986). Skinner et al. (1989) found a marked reduction in 
the proportion of docosahexanoate in the parietal cortex 
(but not in the frontal cortex) from patients with AD, 
which is compatible with reduced PLA2 as observed in the 
present study. Changes in the activity of other enzymes re- 
lated to the membrane phospholipid turnover have already 
been described in AD brains, such as increased lipases 
and lysophospholipase activity (Farooqui et al. 1990) and 
decreased phospholipase D activity (Kanfer et al. 1986). 
The present finding of reduced PLA2 activity provides 
new evidence for a disordered membrane phospholipid 
metabolism in AD. 

A characteristic neuropathological finding in AD is the 
deposition of fibrillar aggregates of the 13-amyloid protein, 
a 39-43 amino acid peptide produced by the cleavage of a 
large, membrane-bound amyloid precursor protein (APP; 
Dyrks et al. 1988). Emmerling et al. (1993) reported that 
the inhibition of PLA2 decreased the carbachol-stimulated 
secretion of APP from cells transfected with the human 
ml-muscarinic receptor, whereas the activation of PLAa 
increased APP secretion. Experimental evidence suggests 
that increased APP secretion by cells reduces the produc- 
tion of amyloidogenic peptides (Coporaso et al. 1992). 
Conversely, it is conceivable that the reduction of APP se- 
cretion, as caused by decreased PLA2 activity, may repre- 
sent one possible route for amyloidogenesis in AD. This 
assumption is supported by the correlation between the re- 
duction of PLA 2 activity and the counts of senile plaques. 

Because PLA2 activity is under genetic control (Sharp 
et al. 1991), it is not unlikely that the enzyme activity in 
the brain is related to the activity in blood cells. To test 
this assumption we investigated the enzyme activiy in 
platelet membranes from patients with AD compared with 
healthy and psychiatric controls. Platelets are interesting 
peripheral models in AD research because they contain 
and secrete APP (Smith et al. 1990). Our finding of re- 
duced PLA2 activity in platelets is consistent with the re- 
sults in brain tissue. In both studies decreased PLA 2 activ- 
ity was related to a more severe form of AD (early onset, 
more severe cognitive impairment and higher number of 
plaques and tangles). Moreover, reduced platelet PLA2 ac- 
tivity was specific for AD as compared with age-matched 
psychiatric controls. Further studies should clarify the po- 
tential importance of PLA2 activity in platelets as a pe- 
ripheral marker for a subgroup of patients with AD. 
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