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Super-selective molecular delivery system of metastatic lymph node using nanobubbles
and ultrasound
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The purpose of this study was to develop a super-selective molecular delivery syst
em of lymph node metastasis via lymphatic vessels using nanobubbles (NBs) and ultrasound (US). We used MXH
10/Mo-lpr/lpr mice exhibiting remarkable systemic lymphadenopathy, with proper axillary lymph nodes (PALNs
) and subiliac lymph nodes (SiLNs) that are 6 to 12 mm in diameter. First, we identified 22 different LNs
situated in the head and neck, limbs, thoracic and abdominal regions. The metastasis route was found to be

via the efferent lymphatic vessels of the SiLN, and metastasis incidence depended on the number of cells
in{ected, the injection duration and the SiLN volume. Next, we investigated drug delivery efficiency to th
e lymph node metastasis by the molecular delivery method using NBs and US. It was found that exposure to U
S in the presence of NBs enhanced the delivery of fluorophores into the lymphocytes near the lymphatic cha
nnels, compared to the use of US in the absence of NBs.



MXH210-Mo/lpr/lpr
KM-Luc/GFP ,
FM3A-Luc

@

@ ,

©)

TOTO-3
TOTO-3

,CD3  CD8

. CD3-/CD8-
, CD3+/CD8+
(4)
EPR
EPR

®)
(6)



Sato T, Mori S, Arai Y, KodamaT.

The combination of intralymphatic
chemotherapy  with  ultrasound  and
nano/microbubbles is efficient in the
treatment of experimental tumors in mouse
lymph node. Ultrasound in Medicine and
Biology. 2014; S0301-5629 (13)01239-8.
DOI: 10.1016/j.ultrasmedbio.

Okuno T, Kato S, Hatakeyama Y, Okajima J,
Maruyama S, Sakamoto M, Mori S,
Kodama T. Photothermal therapy of tumors
in lymph nodes using gold nanorods and
near-infrared laser light. Journal of
Controlled Release. 2013;172(3): 879-834.
DOI: 10.1016/j.jconrel.

Horie S, Chen R, Li L, Mori S, Kodama T.
Contrast enhanced  high  freguency
ultrasound imaging of liver metastasis at the
early stage in a preclinica mouse model.
Cancer Letters. 2013; 339: 208-213.

DOI: 10.1016/j.canlet.

Li L, Mori S, Kodama M, Sakamoto M,
Takahashi S, Kodama T. Enhanced
sonographic imaging to diagnose lymph
node metastasis: importance of blood vessel
volume and density.

Cancer Res. 2013; 73(7): 2082-2092. DOI:
10.1158/0008-5472.CAN-12-4200.( )

Shao L, Mori S, Yagishita Y, Okuno T,
HatakeyamaY, Sato T, Kodama T.
Lymphatic mapping of mice with systemic
lymphoproliferative disorder: Usefulness as
an inter-lymph node metastasis model of
cancer. Journa of Immunological Methods.
2013;389 (1-2):69-78.

DOI: 10.1016/}.jim.2013.01.004.

Li L, Mori S, Sakamoto M, Takahashi S,
Kodama T. Mouse model of lymph node
metastasis via afferent lymphatic vessels for
development of imaging modalities. PLos
ONE. 2013;8(2): e55797. DOIl:
10.1371/journal .pone.0055797.

Sax N, Kodama T. Optimization of acoustic
liposomes for improved in vitro & in vivo
stability. Pharm Res. 2013;30(1):218-24.

DOI: 10.1007/s11095-012-0864-8. ( )

44 5
Yamaki T, Yanagisawa Y, Kochi T, Mori S,
Kodama T. Study of diagnosis of lymph
node metastasis by microCT. 8th Student
Workshop East Asia Consortium on
Biomedical, March 12-13, 2014, Tohoku

University.

Matsuki D, Ouchi T, Sato T, Mori S,
Kodama T. Study of drug delivery to
secondary lymph nodes via sentinel lymph
nodes. 8th Student Workshop East Asia
Consortium on Biomedical, March 12-13,
2014, Tohoku University.

Kato S, Shirai |, Mori S, Kodama T.
Inhibition of tumor growth in lymph nodes
by lymphatic administration od frugs and
nano/microbubbles with ultrasound
exposure. 8th Student Workshop East Asia
Consortium on Biomedical, March 12-13,
2014, Tohoku University.

Ouchi T, Lenan S, Matsuki D, Sato, T,
Mori S, Kodama T. Development of drug
delivery system to secondary lymph node
after sentinedl lymph node dissection.
Molecular Mechanisms in  Lymphatic
Function & Disease (GRS), New Frontiers
in Lymphatic Research, March 8-9, 2014,
Lucca (Barga), Italy.

Yagishita Y, Mori S, Shao L, Li L,
Takahashi T, Kodama T. Establishment of a
lymph node metastasis model using
recombinant inbred mice developing
lymphnodepathy.

Innovative Research for Biosis-Abiosis
Intelligent Interface Symposium. January
20-21, 2014. Tohoku University.

Ouchi T, Lenan S, Matsuki D, Sato T, Mori
S, Kodama T. Development of drug
delivery system to secondary lymph node
after sentineal lymph node dissection.
Innovative Research for BiosisAbiosis
Intelligent Interface Symposium. January
20-21, 2014. Tohoku University.

Matsuki D, Ouchi T, Dato T, Mori S
Kodama T. Study of drugs delivery to
secondary lymph nodes via sentinel lymph
nodes. Innovative Research for
Biosis-Abiosis Intelligent Interface
Symposium. January 20-21, 2014. Tohoku
University.



10.

11

12.

13.

14.

15.

16.

26

.2014 1 1112

26
. 2014 1 1112

. 2013 11 2324

DDS. 53 (
),2013 10 24-26 ,
. 72
.2013 10 35
72 . 2013 10
35
2013 . 2013 9
811
2013 .2013 9
811

Kato S, Shirai Y, Mori S, KodamaT.

Enhnaced of fluorescent molecules into the
lymph node via the lymphatic vessel with
nano/micro bubbles and ultrasound. Ths 8th
International Workshop on Biomaterials in
Interface Science. Innovative Research for
Biosis-Abiosis Intelligent Interface Summer

17.

18.

19.

20.

21.

22.

23.

24,

Seminar 2013. August 29, 30,2013 Sansa-te,
Zao, Miyagi.

25
.2013 8 22-23

. , 2013
8 1920 |,
.2013 7 18
-19
.2
DDS  ( ).2013 7 45
] Sax Nl ] Y
. EPR
.29 DDS  .2013 7
45
86 . 2013 5 2426

Yanagisawa, Ito K, Noro K, Aoki T, Mori
S, KodamaT. Development of
contrast-enhanced high-frequency
ultrasound for early diagnosis of tumor. The
6th East Asian Pacific Student Workshop on
Nano-Biomedical Engineering. March
23-24, 2013. Engineering Auditorium (EA).
National University of Singapore,
Singapore.

Hasegawa N, Kodama T, Sato T, Kochi T,
Mori S. Early diagnosis of lymph node
metastasis using microCT. The 6th East
Asian Pacific Student Workshop on
Nano-Biomedical Engineering, March



25.

26.

27.

28.

29.

30.

31

32.

23-24, 2013. Engineering  Auditorium
(EA). National University of Singapore,
Singapore.

Shirai Y, Kato S, Kanzaki H, Mori S,
Kodama T. Molecuar delivery into lymph
nodes using ultrasound and nano bubbles.
The 6th East Asian Pacific Student

Workshop on Nano-Biomedical Engineering.

March 23-24, 2013. Engineering
Auditorium (EA). National University of
Singapore, Singapore.

45 ,

2013 3 10
16
. 2012
11 23 -24
.2012 11 20
. 20
.2012 10 1314

Hatakeyama Y, Sax N, Kato S, Okuno T,
Sakamoto M, Nori S, KodamaT.

Pressure-driven flow characteristics in the
lymphatic vessel for lymphatic drug
delivery system. The 9th International
Conference on Flow Dynamics. September
19-21, 2012, Hotel Metroplotan Sendai,

Japan.

Kato S, Nicolas S, Hatakeyama Y, Okuno T,
Mori S, Sakamoto M, KodamaT.

Cancer treatment via the lymphatic vessel
using nano/microbubbles. The 9th
International Conference on Flow
Dynamics. September 19-21, 2012, Hotel
Metroplotan Sendai, Japan.

Shao L, Okuno T, Hatakeyama Y, Kato S,
Mori S, KodamaT. Lymphatic drainage
routes mapping in anovel experimental
lymph metastasis model of mice. 71

33.

35.

36.

37.

38.

39.

41.

.2012 9 1921
71 .2012 9
19-21
EPR
71 .2012 9
19-21
2012 . 2012
9 912
2012 . 2012
9 912
v . EPR
. 2012
.2012 9 912
2012 .2012 9
912

Kato S, Horie S, Sakamoto M, Mori S,
Kodama T. Drug delivery system with
acoustic liposomes via the lymphatic
vessels. The 8th International Symposium
on Cavitation. August 13-16, 2012,

Singapore.

TomitaY, Tanaka S, OkadaA, KodamaT.
Characteristics of Sonazoid destruction and
bubble motion caused by focused
ultrasound. The 8th International
Symposium on Cavitation. August 13-16,
2012, Singapore.



42,

()

2

28 DDS , 2012 7 45

Hatakeyama 'Y, Sax N, Li L, Kato S, Okuno
T, Miura Y, Shao L, Sakamoto M, Mori S,
Fujikawa S , Kodama T. Flow
characteristics of the lymphatic flow to the
axillary lymph node driven by increasing
pressures in the inguinal lymph node.
Medical Physics  and Biomedical
Engineering. May 26 - 31, 2012
International Convention Center, Beijing,
China

Shao L, Okuno T, Hatakeyama Y, Kato S,
Mori S, Kodama T. Lymphatic network
mapping in a novel lymph node metastasis
model of mice. Medical Physics and
Biomedical Engineering. May 26 - 31, 2012.
International Convention Center, Beijing,
China

Sax N, Horie S, Li L, Li S, Kochi T, Chen R,
Watanabe Y, Yagishita Y, Sakamoto M,
Mori S, Kodama T. Effects of the liposomal
formuilation on the behavior and physical
characteristics of acoustic liposomes. The
19th International Symposium on Nonliner
Acoustics. May 21-24, 2012. International
Conference Center of Waseda University.

KODAMA, TETSUYA

FUJIKAWA, SHIGEO




