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Enhancement of the antitumor effect of radiation therapy combined with
transcutaneous application of C02 in human sarcoma

Akisue, Toshihiro
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The purpose of the current study was to evaluate the effects of transcutaneous
C02 therapy on the antitumor efficacy of X-ray irradiation using MFH. In the in vivo study using an
animal model in which MFH cells (Nara-H) were transplanted, tumor volume in the combination group
(transcutaneous C02+X-ray) was reduced to 28%, 42% and 47% of that in the control, CO2 alone, and X-ray
alone groups respectively. Apoptotic activity and ROS production in the combination group were strongly
increased with decreasing HIF-1la expression relative to the control, CO2and X-ray groups. The
transcutaneous CO2 system enhanced the antitumor action of X-ray irradiation and could be a novel
therapeutic tool for overcoming radioresistance in human malignancies.



1% 5% , 94%
48 ) 20% 5%
10 20 1 , 75% 48 ),
1% 5% , 94% 24
20% 5% , 75%
24 ) 3 24
3.2Gy
24
ROS
FACS
Nara-H
4 6
! 3
2
2,3
2 4
4
1 1 080Gy ( 3.2Gy)
1 10
2
Bohr
5
2
ROS
FACS
PARP, p38
1000
Bl Gy
£ s
E:
T
a 10
% 0.1
5 =
@1, T Do (OY)  BERRNE
4 Nara-H,
TNMY-1,Nara-F and GBS-1 Nara-H
Nara-H, TNMY-1,Nara-F GBS-1 50
3.20y
X
X (
MBR-1505R2)
HIFla
Nara-H



Nara-H

=
g 3
>
= * *
< 25
= r T
23 2
et
2l1s
e ¥
=2
=E 1
)
= 05
]
n‘:' 0
control X-ray control X-ray control X-ray
Normoxic Reoxygenated Hypoxic
(20%0,) (196-+20%0y) (19002 frppsermiy
MR BRRS BERLIRE -
¥ P<0.05

2. BFRBRL BEHRHR

3 PARP
p38
3 2
(NaraH
a7
42

4
4000

3000 - iy

% jrradiation -2

2000 -

HHBF ot R
Tumor volume (mm?*)

Day after MFH cell implantation

Combination
(€O, + X-ray)

JNK

)

28

REEERD B
3. KEAARERE SMEHRBHEOTEENR

15
*P<0.05

**P<0.01
#*4p< 0,008

ROS

ROS
ROS
ROS
3 PARP
3
p38  JINK
3
HIFLla

Thomlinson RH, et al. The histological
structure of some human lung cancers
and the possible implications for

radiotherapy. Br J Cancer. 1955;9:
539-549.

Pennacchietti S, et al. Hypoxia
promotes invasive growth by
transcriptional activation of the met
protooncogene. Cancer Cell. 2003;3:
347-361.

Rofstad EK. Microenvironment-induced
cancer metastasis. Int J Radiat Biol.
2000;76: 589-605.

Hartmann KA, et al. Enhancement of
radiosensitivity of rat
rhabdomyosarcoma R1H with normobaric
carbogen and hyperbaric oxygen (HBO)
using conventionally fractionated
irradiation. Br J Radiol. 1998
Apr;71(844): 433-437.

Sakai Y, et al. A novel system for
transcutaneous application of carbon
dioxide causing an "artificial bohr
effect” in the human body. PLoS One.
2011;6(9): e24137.

Oe K, et al. The effect of
transcutaneous application of carbon
dioxide (CO,) on skeletal muscle.
Biochem Biophys Res Commun. 2011 Apr
1;407(1): 148-152.



Takeda D, Hasegawa T, Ueha T, Imai Y,
Sakakibara A, Minoda M, Kawamoto T,
Minamikawa T, Shibuya Y, Akisue T,
Sakai Y, Kurosaka M, Komori T.
Transcutaneous carbon dioxide induces
mitochondrial apoptosis and
suppresses  metastasis of oral
squamous cell carcinoma in vivo. PLoS
One. 9:2014,e100530. doi:
10.1371/journal .pone.0100530.eColle
ction 2014.
Onishi Y, Akisue T, Kawamoto T, Ueha
T, Hara H, Toda M, Harada R, Minoda M,
Morishita M, Sasaki R, Nishida K,
Kuroda R, Kurosaka M. Transcutaneous
application of C02 enhances the
antitumor effect of radiation therapy
in human malignant fibrous
histiocytoma. Int J Oncol.
45:2014,732-8.
doi:10.3892/1J0.2014.2476.
Ueshima E, Yamaguchi M, Ueha T, Muradi
A, Okada T, ldoguchi K, Sofue K, Akisue
T, Miwa M, Fujii M, Sugimoto K.
Inhibition of growth in a rabbit VX2
thigh tumor model with intraarterial
infusion of carbon dioxide-saturated
solution. J Vasc Interv Radiol.
25:2014, 469-76. doi:
10.1016/j - jvir.2013.11.023.

. 7, 2013:2.

. 30
. 2015 10 22 10
23 (
-bedside bench -. 34
2015 9 26 , (

2015 08 29 ,

¢y

@

122
. 2014 04
11 4 12 ,

Onishi Y, Kawamoto T, Ueha T, Hara H,
Toda M, Harada R, Minoda M, Morishita
M, Kurosaka M, Akisue T. The effects of
reoxygenation using a novel C02
therapy on radiosensitivity in human
malignant fibrous histiocytoma cells.
8th Combined Meeting of the
Orthopaedic Research Societies, 2013

10 12 10 16 , Venice (Italy).
1
( CO2BE ME (
5626299
2015 02 20

AKISUE, Toshihiro

KAWAMOTO, Teruya

HARA, Hitomi



