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Chapter 5 

Some patients with intracranial aneurysms have a reduced 
Type III / Type I collagen ratio. A case-control study. 

JSP van den Berg, M Limburg, G Pals, F Arwert, A Westerveld, 
RCM Hennekam, and KW Albrecht. 

Published in: Neurology 1997;49:1546-1551 



Introduction 
Subarachnoid haemorrhages represent approximately 7% of all strokes,1 and 
account for 45 % of the strokes between the ages of 35 and 44 years.2 Over the 
last four decades the incidence of subarachnoid haemorrhages has not 
changed, and the mortality rate has remained high.13 A large proportion of the 
survivors remain in a disabled state.1 The majority of the subarachnoid 
haemorrhages is caused by rupture of an intracranial aneurysm.4 Early 
detection and preventive surgery of an intracranial aneurysm may lead to an 
increased live span.5 Understanding of the underlying mechanisms leading to 
the formation of intracranial aneurysms is important in view of the 
development of preventive strategies. 

One hypothesis considers the pathogenesis of intracranial aneurysms to 
be a multifactorial process in which both intrinsic factors, such as vessel wall 
abnormalities, and extrinsic factors, such as hypertension, play a role.68 A 
reduced production of type III collagen is a possible candidate for such an 
intrinsic factor. Several observations suggest a relationship between a defect of 
type III collagen and the pathogenesis of intracranial aneurysms. Type III 
collagen is responsible for the tensile strength of the arteries, especially when 
the strain on the vessel wall becomes high.911 Mutations in the type III 
collagen gene, encoding the type III procollagen, produces the Ehlers Danlos 
type IV phenotype.12 Ehlers Danlos type IV patients show a diversity of 
clinical symptoms including skin laxity, and ruptured intracranial 
aneurysms.13,14 

Several protein based studies have revealed a relationship between a 
reduced production of type III collagen and intracranial aneurysms.1520 

However, Kuivaniemi et al, using DNA sequence analysis of part of the gene 
encoding the triple-helical domain of type III collagen in 40 patients with 
intracranial aneurysms, did not observe mutations, and concluded that 
structural mutations in the gene encoding for type III collagen are not a 
common cause of intracranial aneurysms.21 

In order to investigate a possible significance of a reduced production of 
type III collagen on the protein level, we determined the type III / type I 
collagen ratios from skin fibroblasts of patients with intracranial aneurysms, 
and compared these to type III / type I collagen ratios in control persons. Our 
study questions were: is the presence of intracranial aneurysms associated with 
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a reduced production of type III collagen, and, if so, is there a difference in 
the clinical features of these patients with a normal and reduced production of 
type III collagen? 

Patients and methods 
In a prospective study we included all consecutive patients with an intracranial 
aneurysm admitted to the Department of Neurosurgery of the Academic 
Medical Center in Amsterdam. The diagnosis had to be confirmed by a three 
vessel intra-arterial digital subtraction angiography or at craniotomy. From the 
medical history the following factors and disorders were recorded: 
hypertension, polycystic kidney disease or other renal abnormalities, 
symptoms fitting Marfan syndrome, Ehlers Danlos syndrome type IV, pseu
doxanthoma elasticum, and the family history of the same factors. Patients 
were examined by two experienced clinical geneticists (RCMH and the late 
JW Oorthuys) for signs of Ehlers Danlos syndrome type IV, Marfan 
syndrome, and pseudoxanthoma elasticum. The cerebral angiograms were 
independently studied by two investigators who scored the localization and size 
of the aneurysm. The largest measured diameter in any projection was taken 
as the size of the aneurysm. In case of any discrepancy the angiograms were 
discussed, and a consensus between the two observers was obtained. The 
control group consisted of 41 healthy volunteers, personnel from the 
Academic Medical Center, age- and sex-matched, and without a history of 
intracranial aneurysms. The study was approved by the Hospital Medical 
Ethical Committee. 

Biochemical and molecular studies. After informed consent a skin 
biopsy was taken for fibroblast culture. When the cells had reached 
confluence, the medium was removed, and metabolic labelling was performed 
for 18 hours in medium which contained antibiotics, ascorbic acid, 
aminopropiontrinil, and 14C proline. A sample of the medium was taken for 
protein analysis. The proteins were isolated through ethanol precipitation, 
acetic acid was added to dissolve collagen. Polyacrylamide gel electrophoresis 
was performed after pepsin digestion, and the proteins were reduced in the gel 
after one hour. The amount of radioactivity used for electrophoresis was 
standardized: for each sample the amount was 20.000 cpm. The volume 
needed for a sample varied between 5 and 10/^.1. The signals from the 
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radioactively labelled collagen chains were quantified in arbitrary but linear 
units using a Phosphorlmager™ (Molecular Dynamics, Sunny Valley, 
California, USA).22 The ratio of type III / type I collagen, defined as the 
"al(III)/ [a 1(1) + a2(I) + a 1 (III)]" ratio, was then computed. In all subjects 
the final ratios are the average results of 3 independent separate labelling 
experiments. All collagen determinations were done within 4 passages of the 
biopsy. 

All type III / type I collagen ratios encountered in the control group 
were considered to represent normal values. As a result all values found in the 
patient group that were below the lowest value of the control group were 
considered to represent abnormally low type III / type I ratios. In patients with 
abnormally low ratios of type III / type I collagen, intracellular type III 
procollagen was assessed by electrophoretic analysis of the content of lysed 
cells. Structurally abnormal type III procollagen has an abnormal 
electrophoretic mobility.23 

In the statistical analyses Fisher's exact test and Wilcoxon Rank Sum 
test were used. 

Results 
The greater majority of patients (38 of 41) presented with a ruptured 
intracranial aneurysm. In all patients except one a cerebral angiography was 
performed. This patient was operated immediately because of a rapid clinical 
deterioration, and the presence of an aneurysm was confirmed. In the 3 
patients without presenting subarachnoid haemorrhage the indications for a 
cerebral angiography were: intracerebral haemorrhage; atypical facial pain 
with a positive family history for intracranial haemorrhages; and headache 
with transient neurological signs of visual disturbance and dysarthria. In this 
patient the computed tomography scan of the brain showed a lesion compatible 
with an intracranial aneurysm. The median age of the patients was 49 years 
(ranging from 26 to 79 years). Other characteristics of the patients are shown 
in table 1. The 3 patients with a positive family history for polycystic kidney 
disease also had a positive family history for hypertension. Cerebral 
angiography in 1 patient also showed a small arteriovenous malformation. The 
median age of the controls was 43 years (ranging from 26 to 56 years), there 
were 16 men and 25 women. 
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Table 1. Characteristics of 41 consecutive patients with intracranial aneurysms. 

Number of patients (% of total) 

Men: Women 16 : 25 

Polycystic kidney disease 2 ( 5 % ) 

Hypertension 19 (46%) 

Family history 

subarachnoid hemorrhage 4 (10%) 
hypertension 20 (49%) 
polycystic kidney disease 3 ( 7 % ) 

Multiple aneurysms 6 (15%) 

Localization of aneurysms 
ACA left / right 0 / 4 
AcoA 14 
ICA left / right 4 / 5 
MCA left / right 6 / 6 
Basilar artery 5 
PICA left / right 2 / 1 

Clinical outcome 
discharge to rehabilitation center 2 ( 5%) 
discharge to nursing home 2 ( 5 % ) 
home 31 (75%) 
deceased 6(15%) 

ACA=Anterior Cerebral Artery; ACoA=Anterior Communicating Artery; lCA=Internal Carotid Artery; 
MCA=MiddIe Cerebral Artery; PICA= Posterior Inferior Cerebellar Artery. 

The results of the protein analysis are presented in figure 1. The type III 
/ type I collagen ratios in the controls ranged from 5.5% to 19.8%, with a 
median of 10%. The resulting cut-off value below which type III / type I 
collagen ratios will be considered abnormally low was 5.5%. The type III / 
type I collagen ratios in the patients ranged from 1.1% to 25.1 %, with a 
median of 10.5%, and 8 patients (19.5%) had a very low (< 5.5%) ratio. 
This difference is statistically significant (p = 0.005, Fisher's exact test). The 
ratios of the type III / type I collagen in patients and controls were compared 
on a group level and there was no evidence that the samples of the ratios of the 
patients and controls were derived from different distributions (two-tailed p 
value 0.51, Wilcoxon Rank Sum Test). 

The patient with the small arteriovenous malformation had a normal 
type III / type I collagen ratio. In fibroblasts from the 8 patients with type III / 
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type I collagen ratios of less than 5.5% intracellular type III procollagen was 
found to be low, and there were no indications of an excess of structurally 
abnormal type III procollagen. 

25 

2 0 -

15 

10 
A 

A 

+ 

i 

1 
p aneurysm 

Figure 1. Type III / type I collagen ratios (Col.Ill %) in 41 controls and 41 
consecutive patients with intracranial aneurysms. 
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Figure 2. Polyacrylamide gel electrophoresis of a patient with a low type III collagen (A), 
and a control with a normal type III collagen (B); arrow 1 = type III collagen al (al(III)); 
arrow 2 = type V collagen al (al(V); arrow 3 = type I collagen al (a 1(1)); arrow 4 = 
type I collagen a2 (a2(I)). 

We examined whether patients with a very low type III / type I collagen 
ratio (< 5.5%) differed in clinical characteristics from the patients with a 
normal type III / type I collagen ratio (table 2). Apart from a trend favouring 
patients with a very low type III / type I collagen ratio to have a positive 
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family history for polycystic kidney disease, no statistically significant 
differences were found. 

Table 2. Characteristics of patients with intracranial aneurysms and normal type III / type I collagen ratios 

compared to patients with low (< 5.5%) type III / type I collagen ratios. 

Type III / type I collagen ratio Normal Low P* 

Number 33 8 

Median age (and range in years) 50 (30-69) 47 (26-66) 0.64 

Sex M:F 14:19 2:6 0.45 

Polycystic kidney disease 1 ( 3%) 1 (13%) 0.36 

Hypertension 14(42%) 5 (67%) 0.23 

Family history 
subarachnoid hemorrhage 
hypertension 
polycystic kidney disease 

3 ( 9%) 
16(48%) 
1 ( 3%) 

1 (17%) 
4 (50%) 
2 (25%) 

1.00 
1.00 
0.11 

Localization of aneurysms 

Anterior circulation 30 9 
ACA left/ right 
AcoA 

0 / 4 
13 

0 / 0 
1 

ICA left/right 
MCA left/ right 

3/3 
2/5 

1/2 
4/ 1 

Posterior circulation 
Basilar artery 
PICA left/right 

8 
5 
2 / 1 

0.00 
0 
0 

0.19** 

Size of aneurysms 

median (and range in cm) 0.7(0.4-2.0) 0.6(0.2-2.5) 0.64 

Multiple aneurysms 5 1 1.00 

Outcome 

good 26 7 
home 

rehabilitation 
24 (73%) 

2 ( 6%) 
7 (88%) 
0 ( 0%) 

poor 
nursing home 
deceased 

7 
2 ( 6%) 
5(15%) 

1 

0 ( 0%) 
1 (12%) 

0.68*** 

,..-,.•*.. o u«u M i l .» , m u «I I I I^U lui n j c oiu o i « , wiicoxon KanK sum test); " , comparison between 

anterior and posterior circulation; ***, comparison between good and poor outcome. ACA, Anterior Cerebral 

Artery; AcoA, Anterior Communicating Artery; ICA, Internal Carotid Artery; MCA, Middle Cerebral Artery; 

PICA, Posterior Inferior Cerebellar Artery. 
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Discussion 
We examined a possible relationship between intracranial aneurysms and a 
reduced production of type III collagen through protein analysis. We found no 
difference in the median type III / type I collagen ratios between patients and 
controls. However, we found significantly more persons with low type III / 
type I collagen ratios in the patient group than in the control group. This is in 
keeping with the a priori formulated hypothesis. We examined the clinical 
characteristics of patients with normal and low type III /type I collagen ratios 
and found no differences. 

Using protein analysis, Leblanc et al. found normal type III collagen 
production in skin fibroblasts of 5 patients with familial intracranial aneurysms 
from different families.24,25 However, there are several reports finding a 
reduced production of type III collagen in fibroblasts or low amounts of 
collagen type III in arterial wall samples of patients with intracranial aneu
rysms.15'20 Neil-Dwyer et al. studied a small population. Carboxymethyl 
cellulose chromatography was performed in 4 controls and in 7 patients, and 
gel scanning was used in 4 controls and 7 patients. They concluded that 11 of 
the 17 patients were type III collagen deficient.15 0stergaard and Oxlund used 
post-mortem samples of the middle cerebral and brachial arteries of 14 
patients who died of a ruptured intracranial aneurysm and similar samples of a 
control group of 14 patients who died of causes unrelated to aneurysm rupture. 
Electrophoresis and spectrophotometry revealed a reduced amount of type III 
collagen in samples of the middle cerebral arteries in 6 patients of the ruptured 
aneurysm group and in none of the control group.16 However, the studied 
population was biased as only deceased patients were included. There was a 
difference between the type III / type I collagen ratios determined from the 
middle cerebral artery and the brachial artery taken from the same patient. 
The authors did not supply explanation for this disparity. Majamaa et al. 
determined the synthesis of type III collagen in skin fibroblast cultures from 11 
patients with an intracranial aneurysm (plus 9 controls), and found no reduced 
production of type III collagen, although they reported a production of 
unstable type III collagen in 2 patients.17 In this study six patients had a first or 
second degree relative with an intracranial aneurysm including the 2 patients 
with unstable type III collagen production. In another study by Majamaa et al. 
in 12 patients with aneurysmal subarachnoid haemorrhages (plus 8 controls) 
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protein analysis showed combined procollagen production in two cell lines to 
be reduced.18 Despite widely varying methodology and several possible flaws 
in design and conduct, these studies indicated a role of reduced production of 
type III collagen in the formation of intracranial aneurysms. 

Two patients with a low type III / type I collagen ratio (< 5.5%) from 
our study also had a positive family history of polycystic kidney disease, and 
one of them had polycystic kidney disease himself. Adult polycystic kidney 
disease (ADPKD) is a disease with a firmly established association with 
intracranial aneurysms.26"28 Two loci for ADPKD are known, and have 
previously been mapped (PKD1 on chromosome 16 and PKD2 on 
chromosome 4).29,30 At least a third locus for ADPKD is still unmapped.31 The 
gene for type III collagen is located on chromosome 2.32 A genetic relation 
between ADPKD and EDS type IV is possible. 

Five of the 8 patients with a low type III collagen had one or more risk 
factors for intracranial aneurysms. This is in keeping with the theory that 
intracranial aneurysms have a multifactorial cause. This theory is based on the 
following clinical and epidemiological data. Independent acquired risk factors 
for intracranial aneurysms are smoking, hypertension and age.6"8 If twins have 
intracranial aneurysms, they often occur in analogous or mirrored locations.33 

Familial aggregation of intracranial aneurysms has been described on several 
occasions. First degree relatives of patients with an intracranial aneurysm in 
particular have a two- to threefold increased chance of harboring an 
aneurysm.34,35 Familial aneurysms have characteristics different from those 
that occur spontaneously. They occur at a lower age, are located less often in 
the anterior cerebral artery ramifications, and may rupture at a smaller size. 
Among family members aneurysms arise more often from the same arterial 
distribution and rupture more often within the same decade of life.36,37 

However, indications exist for genetic heterogeneity. In a recent review on the 
pattern of inheritance in all published families no single genetic mode could be 
identified.38 Other links to the genetic nature of intracranial aneurysms are the 
above mentioned association ADPKD, and with heritable connective tissue 
disorders.26"28'39 Intracranial aneurysms occur in the setting of pseudoxanthoma 
elasticum, osteogenesis imperfecta, Ehlers-Danlos Syndrome Type IV, and 
neurofibromatosus type 1. The suggestion of Adamson et al. on atherosclerosis 
being a single cause seems less likely.40 
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Our determinations of collagen production in cell cultures will give a 
rough indication of the various processes happening in the arterial walls. 
However, our data suggest that a defect in the production of type III collagen 
plays a role in the pathogenesis of intracranial aneurysms. Although the 
reduced type III / type I collagen ratios are likely related to type III collagen 
deficiency, we have not demonstrated this. Another explanation may be an 
increased production of type I collagen. However, the amount of radioactivity 
was standardized by adjusting the volume of the samples applied to the 
electrophoresis. Consequently, a substantial increase of type I collagen should 
have resulted in a higher specific activity, and lower sample volume, which 
was not the case. Therefore a decreased type III collagen production is the 
most likely explanation for the decreased ratio in these samples. Whether the 
low type III collagen production is a result of dysfunctional enzymes during 
collagen processing (e.g. defects during the post-translational modification), or 
a mutation in the gene has to be elucidated. We found no indications for 
intracellular accumulation of structurally abnormal type III procollagen in 
cultured skin fibroblasts with a type III / type I collagen ratio of 5.5% or less. 

Kuivaniemi et al. performed DNA sequencing analysis on type III 
collagen cDNA in 40 patients with a high prevalence of familial aneurysms 
(29 out of 55 = 53%). They found no mutations. Protein analysis was 
performed in one individual with a variant at aminoacid 435. The protein 
production was normal. Unfortunately the collagen production in the other 
patients was not estimated. Only the part of the gene coding for the triple-
helical domain of collagen III was studied.21 This leaves open the possibility of 
mutations in the remainder of the gene e.g. the region coding for the C-
propeptide, and the possibility of defects during the post-translational 
modification of type III collagen. 

The results of the present study support the theory that reduced 
production of type III collagen is involved in the pathogenesis of intracranial 
aneurysms in some patients. 
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