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Immunohistochemical Study for the Angiogenesis Factors and Vascular Wall
Matrix Proteins in Intracranial Aneurysms

Jae Hong Kim, M.D., Man Bin Yim, M.D.,
Chang Young Lee, M.D., Sang Pyo Kim, M.D.*
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growth, and rupture of intracranial aneurysm. This study was performed to investigate and understand a part of
these mechanisms.

Materials and Methods) Immunohistochemical stains for angiogenesis growth factors(basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor(VEGF)) and selected vascular wall matrix proteins(alpha smooth
muscle actin(a SMA) and collagen Type IV) were performed in fixed sections from a normal circle of Willis artery
which was taken from the autopsy specimen as a control vessel and 17 aneurysmal wall specimens which was taken
during surgical clipping of aneurysms. The staining intensity and distribution of immunoreactivity to angiogenesis
growth factors and selected wall matrix proteins in control vessel and aneurysmal wall were examined and compared
with each other. The difference of staining intensity according to the size of aneurysm was also investigated.

Results] There was no immunoreactivity to bFGF and VEGF in the control vessel. bFGF immunoreactivity was
exhibited in 15 of 17 aneurysm specimens around smooth muscle cells within the media of aneurysm. VEGF immu—
noreactivity was also exhibited in all aneurysm specimens in patches or diffusely affecting all layers of the aneurysmal
wall. The degrees of intensity of bFGF and VEGF immunoexpression were proportionate roughly to the size of
aneurysm. Strong immunoexpression of both factors were noticed in large aneurysm. A regularly arranged and
defined band of immunoreactivity of a SMA was noticed in the media of the control vessel, whereas diffuse, faint,
iregularly arranged o SMA was noticed in the aneurysmal wall. A regularly defined band of collagen Type IV
immunoreactivity was also noticed in the subendothelium of the control vessel, whereas diffuse disorganized immu—
noreactivity of collagen Type IV was noticed in the entire wall of the aneurysm.

Conclusiond These results indicate substantial evidences of abnormal expression of angiogenesis factors and
changes of selected vascular wall matrix proteins in the wall of intracranial aneurysm. The unbalanced changes of
angiogenesis factors and vascular wall matrix proteins in the wall of aneurysm may be one of the biological mec—
hanisms for the growth and rupture of aneurysm.

O bjectived Until now, it has been little known about the biological mechanisms associated with the genesis,

KEY WORDSO Aneurysm- Basic fibroblast growth factor- Vascular endothelial growth factor- Alpha smooth muscle
actin- Collagen type IV.
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Table 1. Summary of characteristics of intracranial aneurysms

No Aneurysm
Sex/Age Classification* Size(mm) Site Wall thickness Bleb or daughter
1 F/64 Unruptured 10x 7 ICA bif Thick O
2 F/68 Large 20%x 11 MCA Thick -
3 F/78 Medium 10x 9 Acom Thick -
4 F/63 Medium 10x 6 Pcom Thick O
5 M/62 Medium 10x 6 Acom Thick O
6 M/53 Medium 10x 4 Acom Thick -
7 F/43 Medium 9x 8 MCA Thick -
8 F/61 Medium 9x 8 Acom Thick -
9 F/62 Medium 9x 7 Pcom Thick -
10 F/55 Medium 8x 6 Acho Thick -
11 M/49 Medium 8x 4 Acom Thick O
12 M/47 Medium 8x 3 MCA Thick -
13 M/28 Small 5x 4 MCA Thin -
14 M/62 Small 4x 3 Al Thin -
15 F/42 Small 4x 3 PICA** Thin -
16 M/33 Small 4% 2 Acom Thin -
17 M/63 Small 3x 3 MCA Thin -

*0 Smalld 2—6mm, mediumO 6—15mm, larged 15—25mm, giantd =25mm

**[] Peripheral aneurysm

ICA bif0 internal carotid artery bifurcation, MCAO middle cerebral artery, AcomU anterior communicating artery, PcomO
posterior communicating artery, Achol anterior choroidal artery, A10] horizontal segment of the anterior cerebral artery,

PICAD posterior inferior cerebellar artery
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Fig. 1. Immunohistochemical findings for basic fibroblast growth
factor(bFGF) in control and intracranial aneurysm. Ne-
gative immunoreactivity in control(A, x 200). bFGF im-
munoreactivity around smooth muscle cells within the
media of aneurysmal wall(B, x 200).
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Table 2. Intensity and distribution of the angiogenesis factors
in control and intracranial aneurysms

No Classification bFGF VEGF
Intensity* Distribution Intensity*  Distribution
Control 0 0

1 Unruptured 2 med 1 sub

2 Large 3 med 3 med, adv

3 Medium 2 med 1 diffuse

4 Medium 1 med 3 sub, med

5 Medium 1 med 1 sub, med

6 Medium 2 med 2 med

7 Medium 2 med 1 sub, med

8 Medium 2 med 2 diffuse

9 Medium 0 2 sub, med
10 Medium 2 med 2 diffuse
11 Medium 2 med 2 sub, med
12 Medium 1 med 2 med
13 Small 2 med 1 adv
14 Small 2 med 2 med, adv
15 Small 0 1 sub
16 Small 1 med 2 sub, med, adv
17 Small 1 med 1 med

*J Grading of immunostaining intensity, 000 no immunore-
activity, 10 faint staining, 20 moderate staining, 30 strong
staining

bFGFO basic fibroblast growth factor, VEGFO vascular en-
dothelial growth factor, sub0 subendothelium, medd media,
advlO adventitia
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Fig. 2. Immunohistochemical findings for vascular endothelial
growth factor(VEGF) in control and intracranial ane-
urysm. Negative immunoreactivity in control(A, x 200).
VEGF immunoreactivity in the entire wall of aneurysm
(B, x 200).
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Fig. 3. Immunohistochemical findings for alpha smooth muscle
actin(a SMA) in control and intracranial aneurysm. Re-
gularly arranged, well-defined band of immunoreactivity
of a SMA in the media of the control vessel(A, x 100).
Diffuse, faint, iregularly arranged a SMA within disrupted
media of the aneurysmal wall(B, x 200).
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Table 3. Intensity and distribution of the vascular wall ma-
trix proteins in control and intracranial aneurysms

a SMA

Intensity* Distribution Intensity* Distribution

Collagen type IV

No Classification

Control 3 med 2 sub
1 Unruptured 2 med 3 med
2 Large 3 med 3 sub, med
3  Medium 1 med 3 med
4 Medium 3 med 3 med, adv
5 Medium 1 med 2 med, adv
6 Medium 3 med 3 med
7 Medium 2 med 2 med
8 Medium 3 med 3 sub, med
9 Medium 2 med 2 sub, diffuse
10 Medium 2 med 3 diffuse
11 Medium 3 med 2 med, adv
12 Medium 3 med 3 med
13 Small 2 med 3 med
14 Small 3 med 3 sub, med
15 Small 0 0
16 Small 2 med 3 diffuse
17 Small 1 med 3 med

ooo-ooo-ooo-ooo

*0J Grading of immunostaining intensity, 00 no immuno-
reactivity, 10 faint staining, 20 moderate staining, 30 strong
staining a SMAO alpha smooth muscle actin, sub0 suben-
dothelium medOd media, advO adventitia
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Fig. 4. Immunohistochemical findings for collagen Type IV in
control and intracranial aneurysm. Regularly defined
band of collagen Type IV immunoreactivity in the sub-
endothelium of control vessel(A, x 200). Diffuse irregularly
arranged collagen Type IV immunoreactivity in the
entire wall of aneurysm(B, x 200).
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