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Koivunen, A.-L., P. Maisi, Y.T. Konttinen and M. Sandholm: Gelatinolytic activity 
in tracheal aspirates of horses with chronic obstructive pulmonary disease. Acta 
vet. scand. 1997, 38, 17-27. - The gelatinolytic activity in tracheal aspirates (TA) of 
horses with chronic obstructive pulmonary disease (COPD) was analyzed using SDS
PAGE-gelatin-gel electrophoresis (zymography) and compared to TAs from healthy 
controls. The 110-90 kD MMP-9 type gelatinase was high in symptomatic disease 
phases (permanent disease 0.46 ± 0.15, p<0.001; or intermittent disease 0.47 ± 0.12, 
p<0.001) compared to healthy controls (0.10 ± 0.07). Similarly, the overall gelatinolytic 
activity, the activity in high-mw gelatinolytic bands (210-190 and 150 kD) and in pro
teolytically processed fragments in the 50-40 kD range were high, whereas the 75-65 kD 
MMP-2 was not altered. These findings suggest that MMP-9 type gelatinases, originat
ing possibly from neutrophils or macrophages, and products thereof have a role in the 
pathogenesis of equine respiratory diseases, whereas MMP-2 type gelatinases represent 
house-keeping proteinases involved with normal tissue remodelling. The gelatinolytic 
activity in TAs correlated with the ,B-glucuronidase activity, which indicates that they 
are simultaneously elevated in the respiratory secretions of horses suffering from COPD 
and might both be of same origin, or have a causal relationship. 

protease; proteinase; proteolysis; metalloproteinase; MMP; 
equine; lung; tracheal aspirate; COPD. 

Introduction 
In northern countries horses are stabled during 
the long winters and predisposed to dust from 
hay and bedding. Therefore respiratory dis
eases due to inhalation irritation are common. 
Respiratory tract diseases have also been re
ported to be the second most common cause of 
poor performance and premature retirement 
among racehorses (Rossdale et al. 1985) and 
excess mucus in the trachea has been shown to 
correlate with poor race performance (MacNa
mara et al. 1990). Endoscopic examination of 
racehorses reveals inflammation of the respira
tory tract expressed as pharyngeal lymphoid 

hyperplasia and exudate in the nasopharynx, 
trachea and bronchial bifurcation in 22%-50% 
of the horses (MacNamara et al. 1990, Burrell 
1985, Clarke 1987, Derksen et al. 1991). 
Many terms such as chronic obstructive pulmo
nary disease (COPD), bronchiolitis bronchitis, 
chronic alveolar emphysema, small airway dis
ease, heaves, allergic bronchiolitis, summer 
pasture associated COPD, winter barn syn
drome, broken wind, hay sickness and chronic 
airway disease (Derksen et al. 1991) and most 
recently inflammatory airway disease (IAD) 
(Moore 1995) have been used to describe 
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equine respiratory diseases. Increased numbers 
of neutrophils are detected in the tracheal fluid 
samples in horses with COPD (Beech 1991). 
Pulmonary function tests have been used to as
sess the severity of COPD and to document the 
presence of airway obstruction (Derksen 1991 ). 
In the present paper COPD is used to describe 
the syndrome ranging from mild chronic recur
rent cough and exudate in trachea and bronchial 
bifurcation to expiratory dyspnea and chronic 
purulent nasal discharge in the chronic respira
tory cripple (Derksen 1991 ). 
Horses with COPD have been shown to have 
proteolytic activity in their respiratory tract se
cretions (Griinig 1985, Koivunen et al. 1996). 
Some of this proteolytic activity has been 
shown to be of plasmin origin (Sandholm et al. 
1990), whereas free (uninhibited) elastase, as in 
humans, has not been found in tracheal aspi
rates of horses with COPD (Griinig 1985). The 
specific and potent serine protease inhibitors 
DFP and PMSF did not abolish the proteolytic 
activity of tracheal aspirates in vitro, suggesting 
that serine proteases may not play any major 
role in the pathogenesis of COPD (Koivunen et 
al. 1996). In addition to serine proteinases, ma
trix metalloproteinases (MMPs) are thought to 
play an important role in the degradation of the 
extracellular matrix of the lung tissue and thus 
in the pathogenesis of various respiratory dis
eases in man (Stockley 1983, Campbell et al. 
1987, Sibille & Reynolds 1990). The MMP 
family includes a 72 kD gelatinase MMP-2 
(also known as 72 kD type IV collagenase or 
gelatinase A) and a 92 kD gelatinase MMP-9 
(also known as 92 kD type IV collagenase or 
gelatinase B (Campbell et al. 1987, Hibbs et al. 
1987, Woessner 1991) ). These gelatinases have 
an almost identical substrate specificity profile 
and degrade denatured collagen (gelatin), type 
IV collagen, native type V, VII and X collagens, 
and elastin (Weiss 1989, Senior et al. 1991). 
MMP-2 has also some ability to degrade prote-
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oglycans and fibronectin (Collier et al. 1988). 
MMP-2 is produced by fibroblasts (Hibbs et al. 
1991), macrophages (Garbisa et al. 1986), en
dothelial cells (Kalebic et al. 1983) as well as 
by malignant cells (Kusukawa et al. 1992). 
Neutrophils are a major source ofMMP-9. Mi
nor sources include macrophages and epithelial 
cells (Hibbs et al. 1987, Weiss 1989, Mainardi 
et al. 1991, Campbell et al. 1991). 
To clarify the eventual presence, type and ex
tent of gelatinolytic MMPs in the respiratory 
tract secretions of horses with COPD, tracheal 
aspirates (TA) were assessed using solid phase 
gelatin substrate gel in zymography, analyzed 
with densitometry. A lysosomal enzyme, f3-glu
curonidase, shown to be an indicator of sea
sonal airway irritation in the respiratory tract 
secretions of horses (Maisi et al. 1994) was as
sessed parallelly. Horses with signs of perma
nent or intermittent COPD were compared to 
healthy controls. 

Materials and methods 
Horses 
Tracheal aspirates (n = 30) were collected from 
3 categories: Horses (age 11.8 ± 4.3) with a 
healthy respiratory tract (10 samples), horses 
(age 10.4 ± 3.8) with intermittent signs of 
COPD in symptomatic disease stage (10 sam
ples) and horses (age 12.4 ± 3.1) with perma
nent signs ofCOPD (10 samples). 
Healthy horses had no history or signs of a res
piratory disease based on the clinical examina
tion of the respiratory tract, endoscopic exam
ination of the respiratory tract, analysis of the 
neutrophil content of the tracheal mucus, meas
urement of the intrapleural pressure difference 
(Deegen & Klein 1987), and arterial-alveolar 
(AA) oxygen difference (Deegen 1987). Dis
eased horses had a history of a chronic intermit
tent or permanent respiratory disease, purulent 



Gelatinolytic activity in tracheal aspirates 19 

mucus detectable in the trachea and in the bron
chial bifurcation by endoscopy, and the neu
trophil content of the tracheal mucus was ele
vated. The total leucocyte count, the con
centration of fibrinogen and haemoglobin in 
blood as well as the body temperature were 
within the normal limits in all the healthy and 
diseased horses. The horses had not been under 
medication for at least one month before sam
pling of the tracheal mucus. 

Sampling of the tracheal mucus 
A tracheal wash was performed with a sterile 
catheter inserted through the biopsy channel of 
an endoscope (Olympus CF, Olympus Optical 
Company, Tokyo, Japan; type IB, length 140 
cm). Ten ml of 0.9% saline was infused into 
mid-trachea and the aspiration sample was 
sucked without delay from the pool formed in 
the lower tracheal floor. The tracheal aspirates 
(TA) were stored at -20°C for further studies. 

Correction for the dilution effect of the tracheal 
aspirate 
To analyze the dilution effect due to tracheal 
wash, the urea concentration was analyzed in 
parallel from the blood serum and the tracheal 
wash using the method of Guttmann & Berg
meyer (1974). The dilution effect was calcu
lated according to Rennard et al. (1986). 

glucuronidase (EC 3.2.1.31) was determined 
by a fluorescence method using the fluorogenic 
substrate 
on a microtitration plate (Maisi et al. 1994) a 
modification of the method used by Kolodny & 
Mumford (1976). The fluorometric assays were 
carried out by using the Fluoroscan II fluorom
eter (Labsystems, Pulttitie 8, Helsinki, Fin
land). The activity is expressed as nmol product 
( 4-methylumbelliferone) released/ml/min at 
25°C. 

Preparation of the samples for zymography 
Before the assay the TA samples were centri
fuged for 4 min at 170 G (Biofuge A, Heraeus, 
Sepatech, Germany). The dilution coefficient 
(based on blood-tracheal aspirate urea gradient) 
was used to dilute each TA sample to the same 
dilution for zymography using TNC-buffer 
(0.05 M Tris-HCI, 0.005 M CaCl2, 0.2 M 
NaC12 , pH 7.5). 

Zymography 
Zymography was performed as described in de
tail elsewhere (Sepper et al. 1994). The TA 
samples and the control samples were diluted 
2: 1 with the sample buffer and pre-incubated 
for 2 hat 20°C. The sample buffer, pH 6.8, con
tained 0.118 M Tris (Sigma T-1378), 0.064 M 
H3P04 (Merck Art 573), with 20% glycerol, 
0.04% bromphenol blue (Merck Art 8122) and 
6% sodium dodecyl sulfate (SDS)(BDH prod. 
44244). Samples were then loaded into 11 % 
SDS-PAGE gels containing l mg/ml porcine 
skin gelatin (Sigma G-2625) as the substrate. 
One lane was loaded with Prestained SDS
PAGE high range molecular weight standard 
(Bio-Rad, Richmond, CA, USA). Human pe
ripheral blood neutrophil gelatinase, human 
skin fibroblast gelatinase, prepared as described 
by Konttinen et al. (1991), and TNC buffer 
were used as controls (Fig. 1 ). 

Analysis of the gelatinolytic activity on the 
SDS-PA-gelatin-gels 
The gelatinolytic activity was visualized as 
clear bands against the blue background (Fig. 
1 ). For scanning of the gelatinolytic bands the 
gels were placed on an even-light translumina
tion table, recorded using a CCTV videocamera 
provided with zoom kino-lens system and 
linked to a semi-automatic Kontron image anal
ysis and processing systems (Kontron Bildana
lyse GMBH, Eching, Germany) equipped with 
a VIDAS 2.1 programme (Kontron Elektronik 
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Figure 1. Gelatin zymographies of positive con
trols and of one example from each category of 
horses. Lane 1: human PMN extract (MMP-9 con
trol), Lane 2: human fibroblast supernatant (MMP-2 
control), Lane 3: tracheal aspirate (TA) from a 
healthy horse, Lane 4: TA from an intermittently dis
eased horse in its symptomatic stage, Lane 5: TA 
from a horse with permanent COPD. 

GMBH, Eching, Germany). A frame grabber 
installed in the computer converted the analog 
video signal to a 512x512 pixel array. Results 
were expressed in numbers of the mean grey 
level (range from 0 to 255 pixels; 255 for white 
and 0 for black). The background grey level of 
the gel was substracted from the mean grey val
ues of the electrophoretic bands and the densit
ometric results were calculated in area mode 
(Fig. 2). 
The gelatinolytic activity of each sample was 
compared to the activity of the neutrophil gelat
inase standard run in the same electrophoretic 
run. The gelatinolytic activities of different 
bands were expressed in relation to the corre
sponding neutrophil standard. 
For interpolation of molecular weights of the 
proteinases in different bands, a standard curve 
was prepared using a least square log-linear 
computer fitting (X = distance migrated by 
standard (mm), Y =log of the molecular weight 
of that standard). 
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Statistical analysis 
The Mann-Whitney test (Statgraphics®, Man
ugistics, Rockville, MO, USA) was used to test 
the differences in gelatinolytic activity between 
healthy, intermittently symptomatic and perma
nently symptomatic horses (Table 1 ). The 
Spearman rank correlation coefficient was used 
to test the interdependences between the gela
tinolytic activity, the activity of JJ-glucuroni
dase and the number of neutrophils in the tra
cheal fluid. Differences were regarded as 
significant at the 0.05 probability level. 

Results 
All horses showed detectable gelatinolytic ac
tivity in their tracheal aspirates. In addition to 
prominent neutrophil type 92 kD (MMP-9) and 
faint fibroblast type 72 kD gelatinases (MMP-
2), high molecular weight forms (210-190 kD 
and 150 kD) and low molecular weight forms in 
the 50-40 kD range were observed (Fig. 1, Ta
ble 1). 
TAs from horses with COPD showed signifi
cantly higher overall gelatinolytic activity 
(p<0.001) and higher gelatinolytic activities in 
the mw ranges of 210-190 kD (p<0.001), 150 
kD (p<0.001) and 110-90 kD (p<0.001) com
pared to healthy controls (Table 1 ). Gelatinase 
with the molecular weight of 110-90 kD comi
grated within the same molecular weight region 
as the gelatinase of the human neutrophil stan
dard (MMP-9)(Fig. 1). 
Most of the samples (9110 healthy, 18/20 dis
eased) contained traces of gelatinase activity 
moving in the 75-65 kD range, corresponding 
to MMP-2 in the fibroblast standard. There was 
no apparent difference in the activity of this ge
latinase between the healthy and the sympto
matic horses. 
Low molecular weight gelatinolytic activity in 
the range of 50-40 kD was detected in all symp
tomatic horses and in most (Yio) of the healthy 
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Figure 2. Densitometric curves from the samples depicted in Fig. I generated with an image analyzer (VIDAS 
2.1). A: human PMN extract (MMP-9 control), B: human fibroblast supernatant (MMP-2 control), C: tracheal 
aspirate (TA) from a healthy horse, D: TA from an intermittently diseased horse in its symptomatic stage, E: TA 
from a horse with permanent COPD. The area under the curve corresponds to the gelatinolytic activity of the tra
cheal aspirate. The molecular weight standards are indicated on X-axis. B = black, corresponding to 0 pixels and 
W =white, corresponding to 255 pixels. 
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Table 1. The overall gelatinolytic activity, the activities of separate gelatinolytic bands (average± SD median, 
lower quartile - upper quartile) as related to the neutrophil standard, and activity of JJ-glucuronidase 
(nmol/ml/min at 25°C) of tracheal aspirates in healthy controls, in intermittently diseased (symptomatic stage) 
and permanently diseased horses (COPD). 

Overall 

210-190 kD 

150kD 

110-90 kD 

75-65 kD 

50-40 kD 

JJ-glucur
onidase 

Healthy 
controls 
(n = 10) 

0.27 ± 0.13 
0.20 (0.18-0.37) 

0.08 ± 0.04 
0.08 (0.04-0.09) 

0.02 ± O.Dl 
0.02 (0.02-0.03) 

0.10 ± 0.07 
0.07 (0.05-0.14) 

O.Dl ± 0.01 
0.01 (0.00-0.01) 

0.02 ± 0.03 
0.01 (0.00-0.02) 

39.3 ± 39.2 
30.5 (1.5-67.6) 

Intermittent disease, Permanent 
symptomatic disease 
stage (n = 10) (n = 10) 

*** *** 
1.19 ± 0.39 1.24 ± 0.78 
1.14 (0.92-1.62) 0.94 (0. 70-1.43) 

*** *** 
0.28 ± 0.12 0.30 ± 0.13 
0.29 (0.19-0.36) 0.27 (0.21-0.39) 

*** *** 
0.11 ± 0.07 0.09 ± 0.08 
0.09 (0.06-0.15) 0.05 (0.04-0.11) 

*** *** 
0.47 ± 0.12 0.46 ± 0.15 
0.46 (0.41-0.58) 0.43 (0.36-0.61) 

0.01 ± 0.01 0.02 ± O.D3 
0.02 (0.01-0.02) 0.01 (0.00-0.02) 

** * 
0.07 ± 0.05 0.09 ±0.12 
0.05 (0.04-0.08) 0.04 (0.03-0.11) 

* 
108.2 ± 60.1 61.0 ± 43.0 
105.1 (63.2-134.3) 54.0 (28.4-84.4) 

* = p<0.05, ** = p<0.01, *** = p<0.001, compared to activities of the healthy controls. 
n =number of samples. 

horses (Table 1 ). This activity was significantly 
higher in the TAs of the symptomatic horses 
(p<0.05 for permanently diseased, p<0.01 for 
intermittently diseased; Table 1) than in the 
healthy controls. 
No significant difference was evident between 
the gelatinolytic activities of TAs from horses 
suffering from intermittent or permanent dis
ease. 

Acta vet. scand. vol. 38 no. 1, 1997 

{3-glucuronidase in TAs from intermittently dis
eased horses at their symptomatic stage was 
significantly higher as compared to healthy 
horses (p<0.05, Table 1). 
The overall gelatinolytic activity showed a 
highly significant correlation (p<0.001) with 
the activity of {3-glucuronidase and significant 
correlation (p<0.01) with the number of neu
trophils. The 110-90 kD area (MMP-9) showed 
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Table 2. Correlation between gelatinase activities, activity offt-glucuronidase and number ofneutrophils in 
tracheal fluid of healthy horses and of horses suffering from COPD. The upper number indicates the correlation 
coefficient and the lower number the significance level (p) each time. 

210-190 150 110-90 75-65 50-40 B-glucu- Number of 
Overall 

kD kD kD kD kD 
roni- neutro-
dase phils 

Overall 1.00 
0.000 

210-190 kD 0.91 1.00 
0.000 0.000 

150kD 0.92 0.78 1.00 
0.000 0.000 0.000 

110-90 kD 0.98 0.91 0.89 1.00 
0.000 0.000 0.000 0.000 

75-65 kD 0.46 0.25 0.50 0.51 1.00 
0.014 0.181 0.009 0.007 0.000 

50-40 kD 0.80 0.66 0.66 0.75 0.30 1.00 
0.000 0.001 0.001 0.000 0.116 0.000 

ft-glucuronidase 0.61 0.47 0.60 0.59 0.37 0.63 1.00 
0.001 0.012 0.002 0.002 0.051 0.001 0.000 

Number of neutro- 0.49 0.52 0.51 0.48 0.02 0.27 0.37 1.00 
phils 0.010 0.006 0.007 0.012 0.919 0.148 0.050 0.000 

Numbers in boldface type indicate statistically significant results (p<0.05). 

significant correlation both to the activity of 
f3-glucuronidase (p<0.01) and the number of 
neutrophils (p<0.05). Interestingly the 50-40 
kD area showed highly significant correlation 
to the activity of f3-glucuronidase, but did not 
correlate with the number of neutrophils. 

Discussion 
In the present study significantly higher gelatin
olytic activity was detected in TAs from horses 
with COPD compared to healthy horses (Table 
1 ). These findings resemble those reported on 
acute and chronic lung diseases in man (Camp
bell et al. 1987) and suggest that metalloprotei-

nases are important in the pathogenesis of 
equine respiratory diseases, at least as markers 
of actively ongoing disease and probably also 
as significant mediators of local tissue destruc
tion. 
Gelatinases, members of the matrix metallopro
teinase family (MMPs) of neutral endoprotei
nases, participate in various inflammatory pro
cesses in the human lung (Sibille & Reynolds 
1990, Campbell et al. 1987). are se
creted in an inactive form, and oxidation ap
pears to be an important activation mechanism 
of metalloproteinases in vivo (T#iss et al. 1989, 
Saari et al. 1990). Neutrophil (PMN) degranu-
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lation is almost always accompanied by the 
generation of reactive oxygen species (Mai
nardi eta/. 1991). Therefore, PMNs are thought 
to regulate local proteolytic processes by re
leasing proteinases (such as proMMP-9) and by 
inducing their oxidative and/or proteolytic acti
vation (Woessner 1991, Desvrivieres 1993). 
The appearance of proteolytic activity is ulti
mately dependent on the proteinase/proteinase 
inhibitor balance. a2-macroglobulin and 
TIMPs (tissue inhibitors ofmetalloproteinases) 
are powerful downregulators of other metallop
roteinases, but appear to be less effective 
against the neutrophil derived enzymes (Weiss 
1989). In inflammation, these inhibitors may 
become inactivated by oxidative or by proteo
lytic processes leading to an imbalance between 
metalloproteinases and their inhibitors, which 
allows unregulated metalloproteinases to attack 
lung tissue (Weiss 1989). 
Total proteinase activity in TAs, as measured by 
the hide powder azure as a substrate, has been 
shown to correlate with the number of neu
trophils in horses with COPD (Griinig et al. 
1985). This correlation can be explained by 
neutrophils playing an important role, not only 
in secretion, but also in activation of metallop
roteinases and other proteolytic enzymes. 
Neutrophils are a major source of MMP-9 
(110-90 kD range), minor sources include mac
rophages and epithelial cells (Hibbs et al. 1987, 
Weiss 1989, Mainardi et al. 1991, Campbell et 
al. 1991). 
In the present study free MMP-9 type gelati
nase was detected in excess in the TA of horses 
suffering from symptoms of an intermittent or 
permanent COPD {Table 1). Additionally, in
creases in the high molecular weight (210-190 
kD, 150 kD) gelatinolytic bands were observed 
in the symptomatic horses, which might repre
sent enzyme aggregates or enzyme-regulatory 
protein complexes. 
Gelatinases of the TAs in the range of 110-90 
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kD (MMP-9) migrated slightly faster than the 
human neutrophil standard. There is a species 
dependent molecular weight variation among 
different groups of gelatinases. Pigs have 97 kD 
neutrophil gelatinase, which is structurally 
highly related to the human 92 kD gelatinase 
(Senior et al. 1991). On the other hand, human 
neutrophil gelatinase migrates on SDS gels 
slightly slower than the macrophage enzyme 
(Mainardi et al. 1991). The faster migration in 
the 110-90 kD range could be explained by the 
differences between human and horse gelati
nases, or by the macrophage origin of the TA 
gelatinases in the present study. 
When the various molecular forms of gelatino
lytic activities were compared between healthy 
and diseased horses, significant differences 
were observed in all activities except for that in 
the 75-65 kD range corresponding the fibro
blast supernatant standard. Apparently this ge
latinase is not of major importance in the path
ogenesis of equine COPD but rather represents 
a house-keeping enzyme involved in the normal 
tissue remodelling processes. 
The small molecular weight activities seen in 
the range of 50-40 kD might represent split 
products of proteolytic enzymes (Hibbs et al. 
1987, Mainardi et al. 1991). 
Peribronchial fibrosis has been shown to occur 
in well advanced equine COPD (Van den Ingh 
1985). Proteases from equine polymorphonu
clear leucocytes degrade fibrinogen (Koj et al. 
1976). This might decrease fibrin deposition. 
On the other hand, the proteolytic activity in the 
respiratory secretion takes part in destructive 
inflammatory processes in the lung tissue. If the 
destructive role of various proteases is impor
tant in the pathogenesis of equine COPD, one 
should search for pharmacologically active in
hibitors for each proteinase. Some synthetic in
hibitors have shown promise in inactivating hu
man metalloproteinases in vitro (Woessner 
1991) and in vivo (Lauhio et al. l 994a,b ). 
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Sammanfattning 
Gelatinolytisk aktivitet i trakealaspirat /ran hiistar 
med kronisk obstruktiv lungsjukdom. 

Den gelatinolytiska aktiviteten i trakealaspirat (TA) 
fran hiistar med kronisk obstruktiv lungsjukdom 
(COPD) undersoktes med SDS-PAGE-gelatin-gele
lektrofores (zymografi) och jiimfordes med TA fran 
friska kontrollhiistar. Gelatinasaktiviteten av typ 
MMP-9 pa 110-90 kD var hog i TA fran hiistar under 
symptomgivande faser av sjukdomen (0.46 ± 0.15, 
p<0,001 i TA fran hiistar med ihallande sjukdom; 
0.47 ± 0.12, p<0,001 med intermittent sjukdom) i 
jiimforelse med friska djur (0.10 ± 0.07). Ocksa den 
totala gelatinolytiska aktiviteten, aktiviteten i gelati
naser med hiig molekylvikt (210 - 190 samt 150 kD) 
samt aktiviteten i fragment pa 50 - 40 kD som 
genomgatt proteolys var hiiga, medan aktiviteten i 
MMP-2 pa 75 - 65 kD var opaverkad. Dessa fynd an
tyder att gelatinaser av typ MMP-9, som eventuellt 
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hlirstammar fran neutrofiler eller makrofager, sarnt 
nedbrytningsprodukter av gelatinas av denna typ spe
lar en roll i patogenesen av respiratoriska sjukdomar 
hos hiistar, medan gelatinaser av typ MMP-2 utgiir en 
grupp proteinaser som behiivs fOr den normala 
lirnnesomsiittningen och ateruppbyggnaden av viiv-

nader. Den gelatinolytiska aktiviteten i TA korrele
rade med /j-glukuronidasaktiviteten, vilket tyder pa 
art aktiviteten hos dessa bAda enzymer lir stegrad i 
luftviigssekret hos hiistar med COPD. Dessa enzymer 
kan tiinkas ha gemensarnt ursprung eller deras aktivi
tet star mAhiinda i kausalsarnband med varandra. 
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