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COF curing Iocal tlnors

1. Controlliiy lveal tuinois

ex.) controlling intratumor gquiescent
tumor cells, Including hypoxic tumor cells

2. Controlling distant metastasess
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IFritiadtamoy Micioenvironmerit

n Tumor vasculature
Distribution;, Penetration, Blood flow, et all.

n Oxygen concentration(cute (= perfusion-limited)
or chronic (= diffision-limiied) hypoxia)
<---> Oxygen radical (ROS NOX, etc.)

n pH

n Nutnitiomstatus

n Cell cycle

(Quiesecent((®) Proliferating: (P, G1, S, G2,'W,G0)
n Clonogenicity of tumor cells (ex.))sstem:cells) etc.
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The Methodlfinr Seéetie Deiectaonw) tidhe
Regpwizea Olvnicitumnoy Quiesasiii(Cells

1. Mice bearing the B16BL6 tumors received BrdU continuously to label
all proliferating (P) cells in the tumors.

/ Pand Q cells in solid tumors

2. Tumor-bearing mice received
various DNA-damaging

treatments, such as radiation. P >
—>

—p-Cell loss
v s

3. Thereafter, the tumors were Gl 5 GZ
excised, minced, and trypsinized
to obtain single tumor cell
suspensions.

P: Proliferating fraction
Q: Quiescent fraction
Continuous labeling with BrdU
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4-A.
<Immunofluorescencestaining for
BrdU to detectBrdU -labeled cells>

The tumor cell suspensions were
Incubated with acytokinesisblocker 1B
(cytochalasinB), and the :
micronucleus (MN) frequency in <Cellsfrom the tumors
cells without BrdW labeling [ = Q that were not pretreated
cells, Arrows] was determined using | | with BrdU >
Immuno-fluorescence staining for The MN frequency in
BrdU. total (P + Q) tumor cells

were determined from
the tumors that were not
pretreated with BrdU.

Colony forming assay
was also carried out
usingin vivo-in vitro
assay method.
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Characierisiesopintammor Q cells

1. Sensitivity to radiation : Q < P*
High linear energy transfer (LET) radiation:: Q ¥ P

2. Recovery ffrom radiation-induced DNA damage: Q > P
High LET radiatiomsuppressesitherrecovery eveminQc«cells.

3. Sizeiin lhypoXicffraction : Q > P*

4. Hypoxia in Q tumor cells
Chronic hypoxia > Acute hypoxia*

5. Clonogeniccapacity : Q < P
6. Acceleration of recruitment from Q to P status

after mradiatiom (irrespective of p53 status*)

1,2,3:RadiatRes, 125, 2437,1991
4. Br J Radiol, 66, 91826,1993; Int. J. Radiat Oncol. Biol. Phys., 29, 23242,1994
5: Annual Rep Res Reactor Inst, 26, 69,1993
6: JpnJ Cancer Res, 84, 11385, 1993
*: Eur J Cancer, 38, 7187, 2002;Int J RadiatOncol Biol Phys,60, 57077, 2004
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Therefore,

1. Intratumor Q cells are more resistant to irradiation
than exponentially growing tumor cells because of
their higher hypoxic fraction and greater potentially
lethal damage recovery (PLDR) capacity. Q cells also
have lower sensitivity to chemotherapeutic agents
than proliferating (P) cells in vivo. Thus, more Q cells
can survive dfter radiotherapy or chemotherapytthan
prolifenating: (P) cells.

2. Consequently,the control of Q cells some of which
still have clonogenicity, greatly influencesithe
outcome @fanticancentherapy.

(Masunaga S and Ono K, J Radiat Res, 43;24, 2002.)
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For curing Yocal tuniors

1. Controlling local tumors

ex.) controlling intratumor guiescent
tumor cells, Iincluding hypoxic tumor cells

2. Contiolliny disiant netastasss
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Our findings s fiar aniveshivigohhypcida
manipiilaiion and lnng meeissitié pgreisiuilal

. Controlling chronic hypoxia-rich Q tumor-cells is critical
for curing solid tumors as a whole, as well as controlling
hypoxic tumor cells.

. As the dose of radiation increased, lung metastatic
potential decreased reflecting the decrease in the numbel
of clonogenicallyviable tumor. However, an acute
hypoxia-releasing mnicotinamidettreatmentmay be
promising for reducing numbers of lung metastases

. Thus, Hypeoxia manipulation in solid tumors has the
potential to influence not onlylecal tumor respomnsebut

alsolung metastatic potential
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Introduction for this stud

It was believed thatantiangiogenictherapy prevents tumor vascular
growth and proliferation, thus depriving the tumor of the oxygen
and nutrients necessary for survival. Subsequent study, however,
suggested thagntiangiogenict her ap y moanyalizeol s ch ef
tumor vasculature for a short period of time, thereby providing a
window of opportunity for improved drug delivery and enhanced
sensitivity to radiation. The originally used approach relies on using
agents that directly targetvascular endathelial growth ffactor
(VEGF) or VEGF receptor on endothelial cells

was also reported to induce
In @ mouse model. Actually, thalidomide is now
being mainly applied as a treatment of certain cancers
(multiple myeloma) and of a complication of leprosy.
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Tumor hypoxia results from either limited oxygen diffusion
(chronic hypoxia) or limited perfusion (acute lnypoxid.

Further, it was reported that acute andcy¢lic but not chronic,
hypoxia significantly increased the number of spontaneous
lung metastases, and thathis effect waspartly due to the
Influence of acute hypoxia treatment on the primary tumor

----- Therefore,

Using a readily metastasizingnurine melanoma cell line, we tried to
analyzethe usefulness of combined treatment witl
in radiotherapy with 9-rays in combination with an acute
hypoxia-releasing :agennicotinamide (NA) or mild
temperature hyperthermia (MTH)), already shown to have the
potential to release tumor cells from diffusionlimited chronic
hypoxia, in terms of local tumor response and lung metastatic
potential.
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Materials and Wiethods

Inoculation
of B16-BL6
tumor cells

l

I<Treatment>
Days after

g-Ray irradiation 1 dayafter administration of
thalidomide(400mg/kg, I.p.), or 2 consecutive
daysbefore irradiation at a doseof 200 mg/kg,

I.p., with or without nicotinamide (1.0 g/kg,i.p.)
or mild temperature hyperthermia (403 , 60min)

Continuous BrdU
administration

inoculation of
B16-BL6
tumor cells
C57BL/6J mouse,
female, 7 wikssodid

<Assay>

0

1. Cell survival assay | 2. Detection.of
Micronucleus assay | Lung metastasis

Nicotinamide: acute hypoxiareleasingagentwithin the solid tumor.

MTHi:: Mild temperature heating that has a potential toreleaseiitsceronichhypaxia
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Initial/ Response(@ell Survival
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Net micronucleus frequency
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Initial/ Response

(Micronucleus Assay)

MN frequency (Overall)
Q tumor cells << Total tumor cells.

MN frequency in Total tumor cells without
thalidomide and with singly administered
thalidomide
g-Rays only <MTHIA>g-Rays< NAA>g-Rays

MN frequency in Total tumor cells witin daily,
fiactionated administered thalidomide and
in Q tumor cells with or withoutt thalidomide
g-Rays only <NAA> g R:a = MTHDY g-Rays
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Initial Response (Summary)

In tumors treated without thalidomide or with singly
administered thalidomide, the combination with
nicotinamide and MTH had a more enhancing effect on thej
total and Q cell populations, respectively, although not
significantly.

In tumors treated daily with thalidomide, the effect of NA was
reduced leading toa greater enhancing effect of MTH than

NA on both the total and Q cellpopulations.
A

Thus, the daily administration of thalidomide had released
cells from acute hypoxia before the NA treatment
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