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Abstract
Background: Post embolization aneurysm reccurence is still a drawback in endovascular coiling for cerebral
aneuryms. That stimulated reaearch into new promising embolic materials, as the thermoreversible Gelation
Polymer (TGP) when used as cell culture medium with its temperature related properties. We evaluated proliferative
properties of fibroblast cell cultures in association with metalic coils.
Methods: Intial assessment of cell viability was done for 3T3 (mouse fibroblast) and A172 (glioma cell) lines for 6
and 16 days in TGP solid phase and media. After that TGP was liquified and cell attachment confirmed. Next,
fibroblasts were cultivated under the same conditions adding Guglielmi detachable coils for 24 h and 3 days with
TGP, evaluating cell attachment and proliferation on coils. Last, the time course of cell proliferation was evaluated,
comparing cell numbers on equal coil surface areas for 1,3,5,7,10,14 and 21 days in TGP. Electron microscopy was
used for cell assessment on the coils.
Results: Fibroblasts survive and show satisfactory viability in TGP. In liquified TGP after 6 days and 16days, both
cell types temporally extedned processes and attached on flask`s bottom. Next after 24 h and 3days fibroblast
cultivation with coils in TGP, cells exteded processes and attached to coils, indicating some proliferation and
clustering. Last, the day 1 attached cell numbers on coils cultivated in TGP guradually decreased until day 10 and
later increased again to just below day 1 level. However, both fibroblast and glioma cells in TGP did not extend
processes, move or proliferate, and had spherical shape while in solid TGP.
Conclusion: Fibroblasts attachment and long survival on coils in TGP may facilitate aneurysm treatment to
achieve better volume embolization rate and improve intra-aneurysmal thrombus organization.

Keywords Fibloblast; Thermoreversible gelation polymer; Coil;
Aneurysm

Introduction
Subarachnoid haemorrhage (SAH) due to rupture of cerebral
aneurysm is a significant cause of morbidity and mortality throughout
the world [1]. Incidence of SAH is between 5 and 10 per 100 000 in a
number of studies in 1990s [2]. Mortality rates vary widely and the
median mortality rate in epidemiological studies from the United
States has been 32% versus 43% to 44% in Europe and 27% in Japan
[3]. Rerupture of aneursms also leads to very high mortality and poor
prognosis for functional recovery in survivors and its prevention is
extremely important.
Aneurysms are treated with microsurgical and/or endovascular
methods. Endovascular therapy becomes increasingly popular
alternative to surgical clipping because of being less invasive and the
accumulation of results indicating similar or better outcomes [4,5].
However it has been less effective in wide-neck or large/giant
aneurysms. Main difficulties in aneurysm embolisation are the
achievement of complete obliteration of the sac and neck orifice, as
well as occurrence of coil compaction and recanalisation of the lesion
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later. The mechanisms of aneurysm recanalization remain unclear.
However the contributing factors to prevent recanalisation are high
volume embolization rate, promotion of thrombus organization in the
aneurysm and endothelialial coverige of the occluded aneurysm orifice
[6].Volume embolization ratio greater than 25% was necessary to
achieve stability in large and wide-neck aneurysms treated by
detachable platium coil embolization [7] and currently it is a routine
goal during treatment. As an additional factor, the volume of the
aneurysm and induced thrombus respectively have different times of
maturation, being longer the bigger the lesion. In some wide-neck or
large/giant aneurysms, the thurombus induced by coil placement
remains poorly organized after 3 weeks from treatment. In small
aneurysms within the first week post-treatment few fibloblasts and
non-organized thrombus were present, but during the second week
fibroblastic ingrowth was more prominent within the advancing from
the periphery granulation [8]. Fibloblasts accelarated early histlogical
profliferation/maturation compared to controls [9,10].At the
completion of the process, tissues obliterating the aneurysm neck
orifice were usually covered by neoendothelial membrane [11],
replacing the surface of the initial fresh thrombus [12]. Thus, stable
aneurysmal thrombosis is demonstrated by continuous endothelial
lining between already occluded neck orifice surface and patent artery
lumen [11]. The formation of mature thrombus within the aneurysm
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apparently contributes to endothelialization [13]. In summary, these
reports suggest that in addition to high volume embolization,
proliferation of fibroblasts and endothelial layer for the treated
aneurysm and its orifice are important factors for avoidance of
aneurysm recurrence.
In an attempt to reduce recurrences, new non adhesive liquid
embolic agents have been evaluated for aneurysm treatment. The
thermoreversible gelation polymer (TGP) is an aqueous solution that
remains liquid at temperatures less than the sol–gel transition
temperature (TT) and becomes a gel at temperatures higher than the
TT. TGP was originally developed as a cell culture medium [14,15] and
can be used as a drug delivery vehicle for chemotherapy [16,17] or
active substance carrier for basic fibroblast growth factor together with
live fibroblasts [18]. Our group has already reported TGP as a new
thrmoreversible liquid embolic agent for treatment of experimental
aneurysms [18-21]. Intending to enhance the process of embolic
material stabilization after endovascular aneurysm treatment, we
evaluated the behavior of fibroblasts in TGP and in relation to bare
platinum coils, simulating the eventual application in a treatment
scenario.

Cell proliferation on coils
3T3 cells with coils were cultivated for 24 h and 3 days in TGP
(three coils for each culture) (Figure 1A, 1B). TGP was solved after the
cultivation and coils were immediately pulled out and submersed in
1.2% glutaraldehyde in 0.1 M phosphate buffer (pH 7.3) at 4°C for
fixation of cells as pre-treatment for electorn microscopy.

Materials and Methods
Preparation of thermoreversible gelation polymer (TGP), cell
culture method and coils
TGP, Mebiol Gel, MB-10; was provided by Mebiol Inc., Tokyo,
Japan, as freeze-dried powder. Allocated TGP for 25ml culture flask
was mixed with 10ml of Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum
(Hyclone, Logan, UT, USA) and antibiotics (100 µg/ml penicillin and
100 µg/ml streptomycin (Invitrogen)) and left for 3 days at 4°C for
elimination of air bubbles.
Mouse fibroblast cell line, 3T3, American Type Culture Collection
Rockvulle, MD (ATCC) and human glioma cell line, A172 (ATCC),
were harvested after dispersing by trypsin. Malignant glioma A172 was
also tested because the cell line is also adhering and not tumorigenic in
immunosuppressed mice, however forms colonies in semisolid
medium [22]. The centrifuged pellets were suspended in 0.5 ml of TGP
on ice and cells of 5×104 for cell survival or 5×105 for cell proliferation
and survival duration were plated on 35mm dishes and left in a 37°C in
incubator for few minutes for gelling. Three ml of DMEM were added
to cover the top of TGP and plates were further incubated and used for
the study.
Six mm×20cm Guglielmi detachable coils (GDC)-10, bare coil, were
cut in approximately 1cm segments. They were sterilized by irradiation
(Figure1A).
Study for cell survival, cell proliferation on coils, and cell survival
duration

Cell survival
Both 3T3 and A172 cells were cultivated in TGP for 6 days or 16
days. TGP was changed into fluid phase by cold DMEM. Cells were reseeded for 2 days and observed by a charge-coupled device image
sensor (VB7010, Keyence Japan, Osaka, Japan).
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Figure 1: 3T3 cells and coil in TGP (A) schemas, (B) on day 1
culture. Bar = 500 µm.

Temporal pattern of cell survival
Cells with coils were cultivated for 1, 3, 5, 7, 10, 14 and 21 days in
TGP (six coils for each time period except day 21 when three coils
were used). An additional culture of 1day without TGP was performed
as a control, using 3 coils. After the cultivation, coils were submersed
in 1.2% glutaraldehyde for electron microscopy. Overall architecture of
each coil was demonstrated by scanning electron microscopy. Cells
extending processes to coil surface were counted for coil length of 25
turns of the covering wire. Coils with too much gel attached were
excluded.

Electorn microscopy
After specimens were fixed by treatment with glutaraldehyde for few
days, the coils were dehydrated with a graded series of ethanol from
50% through 70, 80, 90 and 100%. Following further treatment with
100% iso-amylacetate, the coils were prepared in a critical point dryer
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(Hitachi High-Technologies Corporation, Tokyo, Japan) and sprayed
with Au-Pd. Coils were examined at 15 kV under a JSM-5800LV
scanning electron microscope (JEOL Ltd., Tokyo, Japan).

Results
Survival and behavior of fibroblasts in TGP
Both 3T3 and A172 cell populations survived in both 6 day and 16
day cultures. 3T3 cells in TGP did not extend processes, move or
proliferate for 5 days (Figure 2A). In few observations at higher
magnifications their shape was spherical (Figure 2B). Cells in TGP
after being cultivated for 16 days were re-seeded for 2 days under the
normal conditions of cultivation after TGP was solved.

Figure 2: 3T3 cells on day 5 in TGP (A) cells were small round
shaped and seemed not to move freely. Bar = 500 µm, (B) cells
made spheroids. Bar = 50 µm.
Large number of dying cells were observed but cells with
temporarily extedned processes and attached to the bottom of the flask
could be also observed (Figure 3A). We obverved the same
phenomenon in the A172 culture ,which did not proliferate without
scaffolds as the 3T3 did, and had stronger proliferative properties
(Figure 3B).
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Attachment and proliferation on coils in TGP
At 24 h cultivation, a small number of cells with coils in TGP
exteded processes and attached to coils (Figure 4A). More, compared
with 24 h, cells cultivated for 3 days in TGP seemed to proliferate and
made partially small clusters. Cells did not overlap but were located
very near each to other (Figure 4B).

Temporal pattern of cell survival
The relation of survival time and the number of surviving cells on
coils in TGP is shown in Figure 5. The number of cells on coils
cultivated for 1 day in TGP was approximately 59% of the number
when cultivated without TGP as a control. After day 1 the number of
cells on coils cultivated in TGP gradually decreased until day 10, later
to increase again by day 21 to below day 1 levels, but extending
processes.

Figure 3: Survival of cells in TGP. (A)(B) Cells were observed by
phase contrast microscopy two day aftre cultures for 16 days. Bar =
20 µm (A) 3T3 cells. (B) A172 cells.
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Discussion
Our study showed that 3T3 cells on coils, even in TGP, proliferated
with extending processes and making clusters. Moreover, in TGP
nearly half of 3T3 cells seen in normal cultivation attached to coils 1
day after cultivation. Initially the rate of 3T3 attachment decreased, but
from day 10 it increased again until day 21. These results are
potentially applicable if we compare this time course with the time
course of aneurysm thrombus organization after coil treatment.
Packing of more of 25% to obtain high volume embolization rate
prevents unstability of occluded aneurysms such as recanalization
[7].However, in aneurysms with a volume of more than 600 mm3, such
high VER could not always be obtained [23]. TGP used in our
experiment is characterized by its temperature-dependent dynamic
viscoelastic properties and lack of pre-determined shape because of its
fluid phase [24]. We demonstarated already that TGP at low
temperatures could be injected through a catheter for safe
embolization of aneurysms [19-21]. TGP injected in aneurysms
embolized by coils as an additional step may be useful for increasing of
packing density and preventing recanalization.

Figure 4: Cells proliferation in TGP. 3T3 cells growing (A) for 24 h
and (B) for 3 days, (B) cells seemed to increase and made partially
small clusters.

The promotion of wound healing and thrombus organization inside
aneurysms has been studied using protein coated coils [25] and
bioabsorbable polymer coils [26]. In small aneurysms, a large number
of fibroblasts and very small amount of old clot in the central
aneurysm portions were detected less than 14 days after embolization.
On the other hand, in large aneurysms, varying amount of old clot in
the central aneurysm portions were still detected about 21days after
embolization. Organization in large lesions took longer time and
seemed to create difficulties for fibroblasts to ingrow [8]. Fibroblasts
delivered in aneurysms could promote the organization in aneurismal
thrombus [9, 10], even if they are in TGP environment [18]. TGP with
fibroblasts injected into an aneurysm embolized by coils may also be
useful for the promotion of organization.
In an in vivo model fibroblast survival has been explored [18],
however the length of survival and behavior on coils in TGP has not
been investigated. Our data give just the in vitro estimation of this
process.

Figure 5: Duration of attachment and number of proliferation. The
number of cells per 25 turns of coil counted on days 1, 3, 5, 7, 10, 14
and 21 in TGP (•)and on day 1 in normal conditions (□), compared
with on day1 in TGP. The number of cells cultivated for 1 day in
TGP compared with normal condition was about 59% of the cells.
Bars=SE.
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Endothelialization overlying the occluded aneurysm orifice needs
the organization of the intraaneurysm thrombus [13]. Endothelial cells
migrated using the extracellular matrix, such as collagen produced by
fibroblasts as a scaffold [27]. In an “in-vitro” experiment, endothelial
cells from the edges of damaged arterial endothelium in thrombosis
models restore the endothelium by elongation, migration and
proliferation [28]. In vivo however, endothelial overgrowth from the
aneurysm orifice margins progressively covered the already fibrotically
organised parts of the cloth inspite the presence of fresh thrombus in
some parts of the occluded aneurysm [12]. In endothelialization a
fibrin membrane across the orifice of aneurysm appeared 36 hours
after embolization [29] and afterward endothelial cells seemed to
elongate on that membrane [30]. This endothelialization is the final
stage of aneurysm exclusion from the parent vessel circulation [11].
Endothelialization of the aneurysm usually occurred by 2 weeks after
embolizations [31]. Our experiments showed fibroblasts in TGP
attacheded to coils as a scaffold and proliferated after more than 14
days. The living fibroblast requires extracellular matrix as an anchorage
and is activated there for proliferation. Fibroblasts induce endothelial
cells through the synthesis and maintenance of the extracellular matrix
[32] and may promote endothelailization.
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TGP can have various applications such as a drug delivery vehicle
for chemotherapy [16, 17] or a non-toxic cell culture medium [14, 15].
As a drug delivery system TGP can be used to induce endothalial cells
with endothelial growth factor such as VEGF [33], deliver adhesion
molecules such as integrin [34] or fibronectin [35] to mediate
endothelial cell adhesion and inflammation inducing substances that
might be useful for thrombus organization. The development of TGP
can become an additional resource to prevent recanalization of
aneurysms and embolize more effectively using several substances
activating endothelial cells.

8.

9.

10.

Some limitaions do exist before this result is applied to the
treatment of cerebral aneurysums. One of them is the preparation of
fibroblasts contained in TGP to be injected in the human. Cultured
fibroblasts as those used in our study cannot be prepared shortly after
an aneurysm rupture hospital admission, what may limit their
application only in unruptured aneurysms. In addition we have not yet
ensured complete safety of all components used for cultivation. We
should use autologous fibroblasts harvested from the patients’s
subcutis, expecting less immunoreactivity from an easy to obtain
specimen. Aneurysm embolization reflects only one application of the
currently broadly used autologous fibroblasts in wound healing and
tissue repair. As tissue organization in evolution is very important
factor in effectiveness of aneurysm treatment, as a next step we should
perform TGP embolization containing autogous fibroblasts and coils
in vivo, adjusting the optimal fibroblast density in TGP and assess the
aneurysm outcome angiographically and histologically.

16.

Acknowledgement

17.

We thank Hideki Saito and Mayumi Nomura for their expert
assistance with the experiment. This work was supported by JSPS
KAKENHI Grant Number25861290.

18.

11.
12.
13.
14.
15.

References
1.

2.
3.

4.

5.
6.

7.

Connolly ES, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J et al.
(2012) Guidelines for the management of aneurysmal subarachnoid
hemorrhage a guideline for healthcare professionals from the American
heart association/American stroke association. Stroke 43: 1711-1737.
Linn FHH, Rinkel GJE, Algra A, Gijn VJ (1996) Incidence of
subarachnoid hemorrhage role of region, year, and rate of computed
tomography: a meta-analysis. Stroke 27: 625-629.
Nieuwkamp DJ, Setz LE, Algra A, Linn FHH, de Rooij NK, et al. (2009)
Changes in case fatality of aneurysmal subarachnoid haemorrhage over
time, according to age, sex, and region: a meta-analysis. Lancet Neurol 8:
635-642.
Sneade M, Rischmiller J, Collaborators I, Molyneux AJ, Kerr RS, et al.
(2009) Risk of recurrent subarachnoid haemorrhage, death, or
dependence and standardised mortality ratios after clipping or coiling of
an intracranial aneurysm in the International Subarachnoid Aneurysm
Trial (ISAT): long-term follow-up. Lancet Neurol 8: 427-433.
Johnston CS, Wilson CB, Halbach VV, Higashida RT, Dowd CF, et al.
(2000) Endovascular and surgical treatment of unruptured cerebral
aneurysms: comparison of risks. Ann Neurol 48: 11-19.
Tamatani S, Ito Y, Abe H, Koike T, Takeuchi S, et al. (2002) Evaluation of
the stability of aneurysms after embolization using detachable coils:
correlation between stability of aneurysms and embolized volume of
aneurysms. AJNR Am J Neuroradiol 23: 762-767.
Yagi K, Satoh K, Satomi J, Matsubara S, Nagahiro S (2005) Evaluation of
aneurysm stability after endovascular embolization with Guglielmi
detachable coils: correlation between long-term stability and volume
embolization ratio. Neurol Med Chir (Tokyo) 45: 561-566.

Transl Med (Sunnyvale)
ISSN:2161-1025 TM, an open access journal

19.
20.

21.
22.
23.
24.
25.

26.

Bavinzski G, Talazoglu V, Killer M, Richling B, Gruber A, et al. (1999)
Gross and microscopic histopathological findings in aneurysms of the
human brain treated with Guglielmi detachable coils. J Neurosurg 91:
284-293.
Dai D, Ding YH, Danielson MA, Kadirvel R, Hunter LW, et al. (2006)
Endovascular treatment of experimental aneurysms by use of fibroblastcoated platinum coils: an angiographic and histopathologic study. Stroke
38: 170-176.
Kwon OKK, Han MH, Oh CW, Park IA, Choe G, et al. (2003)
Embolization with autologous fibroblast-attached platinum coils in
canine carotid artery aneurysms: histopathological differences from plain
coil embolization. Invest Radiol 38: 281-287.
Mawad ME, Mawad JK, Cartwright J, Gokaslan Z (1995) Long-term
histopathologic changes in canine aneurysms embolized with Guglielmi
detachable coils. AJNR Am J Neuroradiol 16: 7-13.
Byrne JV, Hope JK, Hubbard N, Morris JH (1997) The nature of
thrombosis induced by platinum and tungsten coils in saccular
aneurysms. AJNR Am J Neuroradiol 18: 29-33.
Macdonald RL, Mojtahedi S, Johns L, Kowalczuk A (1998) Randomized
comparison of Guglielmi detachable coils and cellulose acetate polymer
for treatment of aneurysms in dogs. Stroke 29: 478-486.
Lei Y, Schaffer DV (2013) A fully defined and scalable 3D culture system
for human pluripotent stem cell expansion and differentiation. Proc Natl
Acad Sci U S A 110: E5039-E5048.
Medina RJ, Kataoka K, Takaishi M, Miyazaki M, Huh N-hH (2006)
Isolation of epithelial stem cells from dermis by a three-dimensional
culture system. J Cell Biochem 98: 174-184.
Arai T, Benny O, Joki T, Menon LG, Machluf M, et al. (2010) Novel local
drug delivery system using thermoreversible gel in combination with
polymeric microspheres or liposomes. Anticancer Res 30: 1057-1064.
Arai T, Joki T, Akiyama M, Agawa M, Mori Y, et al. (2006) Novel drug
delivery system using thermoreversible gelation polymer for malignant
glioma. J Neurooncol 77: 9-15.
Dobashi H, Akasaki Y, Yuki I, Arai T, Ohashi H, et al. (2013)
Thermoreversible gelation polymer as an embolic material for aneurysm
treatment: a delivery device for dermal fibroblasts and basic fibroblast
growing factor into experimental aneurysms in rats. J Neurointerv Surg 5:
586-590.
Takao H, Murayama Y, Saguchi T, Ishibashi T, Ebara M, et al. (2006)
Endovascular treatment of experimental cerebral aneurysms using
thermoreversible liquid embolic agents. Interv Neuroradiol 12: 154-157.
Takao H, Murayama Y, Yuki I, Ishibashi T, Ebara M, et al. (2009)
Endovascular treatment of experimental aneurysms using a combination
of thermoreversible gelation polymer and protection devices: feasibility
study. Neurosurgery 65: 601-609.
Takao H, Murayama Y, Ebara M, Ishibashi T, Saguchi T, et al. (2009) New
thermoreversible liquid embolic agent for embolotherapy: technical
report. Neuroradiology 51: 95-98.
Giard DJ, Aaronson SA, Todaro GJ, Arnstein P, Kersey JH, et al. (1973) In
vitro cultivation of human tumors: establishment of cell lines derived
from a series of solid tumors. J Natl Cancer Inst 51: 1417-1423.
Sluzewski M, van Rooij WJ, Slob MJ, Bescós JO, Slump CH, et al. (2004)
Relation between aneurysm volume, packing, and compaction in 145
cerebral aneurysms treated with coils. Radiology 231: 653-658.
Kataoka K, Huh N (2010) Application of a thermo-reversible gelation
polymer, mebiol gel, for stem cell culture and regenerative medicine. J
Stem Cells Regen Med 6: 10-14.
Murayama Y, Viñuela F, Suzuki Y, Do HM, Massoud TF, et al. (1997) Ion
implantation and protein coating of detachable coils for endovascular
treatment of cerebral aneurysms: concepts and preliminary results in
swine models. Neurosurgery 40: 1233-1244.
Yuki I, Lee D, Murayama Y, Chiang A, Vinters HV, et al. (2007) Thrombus
organization and healing in an experimental aneurysm model. Part II.
The effect of various types of bioactive bioabsorbable polymeric coils. J
Neurosurg 107: 109-120.

Volume 6 • Issue 2 • 1000167

Citation:

Suzuki Y, Watanabe M, Murayama Y, Karagiozov K, Manome Y, et al. (2016) Usefulness of the Behavior of Fibroblast Attachment to
Coils in Thermoreversible Gelation Polymer for Aneurysmal Coil Treatment. Transl Med (Sunnyvale) 6: 167. doi:

10.4172/2161-1025.1000167

Page 6 of 6
27.
28.
29.

30.
31.

Lamalice L, Le Boeuf F, Huot J (2007) Endothelial cell migration during
angiogenesis. Circ Res 100: 782-794.
Itoh Y, Toriumi H, Yamada S, Hoshino H, Suzuki N (2010) Resident
endothelial cells surrounding damaged arterial endothelium
reendothelialize the lesion. Arterioscler Thromb Vasc Biol 30: 1725-1732.
Stiver SI, Porter PJ, Willinsky RA, Wallace MC (1998) Acute human
histopathology of an intracranial aneurysm treated using Guglielmi
detachable coils: case report and review of the literature. Neurosurgery
43: 1203-1208.
Dawson RC, Krisht AF, Barrow DL, Joseph GJ, Shengelaia GG, et al.
(1995) Treatment of experimental aneurysms using collagen-coated
microcoils. Neurosurgery 36: 133-140.
Tenjin H, Fushiki S, Nakahara Y, Masaki H, Matsuo T, et al. (1995) Effect
of Guglielmi detachable coils on experimental carotid artery aneurysms
in primates. Stroke 26: 2075-2080.

Transl Med (Sunnyvale)
ISSN:2161-1025 TM, an open access journal

32.

33.
34.
35.

Newman AC, Nakatsu MN, Chou W, Gershon PD, Hughes CC (2011)
The requirement for fibroblasts in angiogenesis: fibroblast-derived matrix
proteins are essential for endothelial cell lumen formation. Mol Biol Cell
22: 3791-3800.
Leung DW, Cachianes G, Kuang WJ, Goeddel DV (1989) Vascular
endothelial growth factor is a secreted angiogenic mitogen. Science 246:
1306-1309.
Zhao X, Guan J-L (2011) Focal adhesion kinase and its signaling
pathways in cell migration and angiogenesis. Adv Drug Deliv Rev 63:
610-615.
Valenick LV, Hsia HC, Schwarzbauer JE (2005) Fibronectin fragmentation
promotes α4β1 integrin-mediated contraction of a fibrin–fibronectin
provisional matrix. Exp Cell Res 309: 48-55.

Volume 6 • Issue 2 • 1000167

