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LDRLDR

Receptors G-CSF & 
other factors 9 hr

Action
Receptors G-CSF & 

other factors 9 hr
Action

BM progenitor 
cell proliferation 48 hrBM progenitor 
cell proliferation 48 hr

PB hematopoietic 
progenitor cells 72 hr

Mobilization PB hematopoietic 
progenitor cells 72 hr

Mobilization

p g

P i h l Bl dBone marrow Ti

p g

P i h l Bl dBone marrow TiPeripheral BloodBone marrow Time Peripheral BloodBone marrow Time 



• LDR (75 mGy X-
rays)/ 12 hrrays)/ 12 hr 

• G-CSF at 300 
μg/kg/day every 12 
h f h dhr for three days

• 150 μg/kg/day G-
CSF every 12 hours 
and then LDR once

• CFU-GM formation 
from peripheralfrom peripheral 
mononuclear cells 
(A)

C kit+ b i• C-kit+ numbers in 
peripheral 
mononuclear cells 
(B)(B)
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Table 1  Characteristics o f d ifferent approaches to  mobilize  periphera l b lood progenitor cells 
based on review s (10,21) and the present study. 

_______________________________________________________________________________ 
Approaches   Advantages  D isadvantages
_______________________________________________________________________________ 
H ematopo iet ic    E ffic ient    E xpensive 
  growth facto rs        Bone pa infu l  

such as G -CSF H eadache  such as G CSF   H eadache
 
Chemotherapy    E ffic ient    E xpensive 
  such as          T oxic * 
  cyc lophospham ide 
 
Com bined above tw o   E ffic ient    S till expensive 
           Toxic 
 
LD R and G -C SF  E ffic ient  U nknow n yety

E asier pro cess     
Inexpensive  

     Co -im m unostim u lat ion 
     M u lt ip le factor stim u lat ions 

E nhancing im m une &    E nhancing im m une &   
      hem ato log y adaptive respo nse 
_______________________________________________________________________________ 
* Toxic it ies are no t only the r isk  o f hemorrhag ic cyst it is, flu id retention, and card io m yopathy, but 
a lso  the transient pancytopenia w ith infection o f h igh do se chemo therapy drug such as 
cyc lopho spham ide (21). 
 



Can we directly use LDR into 
clinics now?

• LDR may not only stimulate normal cell proliferation, but 
also stimulate the potent tumor cell proliferation or in situ
tumor cell metastasis.

LDR t l h l ti i t t• LDR may not only enhance normal tissue resistance to 
subsequent radio- or chemo-therapy-induced side toxicity, 
but also make tumor cells become radio or chemobut also make tumor cells become radio- or chemo-
therapy resistance (drug resistance).



Literature informationLiterature information

• A few mouse normal cell lines: lymphocytes (NL), mouse 

Park et al. Cell Biol Toxicol. 15 (1999) 111-119.

y p y ( ),
connective tissue cells (L929) and primary mouse keratinocytes 
(PK)

• A few tumor cell lines: mouse papilloma (line 308) and mouseA few tumor cell lines: mouse papilloma (line 308) and mouse 
lymphoma cells (L5178Y-S and EL-4)

• Investigate the difference for LDR-induced adaptive response, 
as determined by cell survival and apoptosisas determined by cell survival and apoptosis.

• Adaptive response was induced by pretreatment with 10 mGy X-
rays in normal cells such as NL, L929, and PK cell lines, but not 
in L5178Y S EL 4 and line 308 cells for cell survival ratein L5178Y-S, EL-4, and line 308 cells for cell survival rate.

• For reduction of apoptosis by pretreatment with LDR was also 
observed only in normal NL, L929, and PK cells, but not in tumor 
L5178Y S EL 4 d 308 llL5178Y-S, EL-4, and 308 cells.



Our question

Wh th t LDR i d

q

Whether or not LDR induces a 
same hormesis between normal 

and tumor cells?

C ll lif tiCell proliferation

• StimulationStimulation

• Adaptive response
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I it t di i l hIn vitro studies using several human 
tumor cells indicate the absence of 

LDR-induced stimulation of cell 
proliferationproliferation

?
In vitro = in vivo
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No hormesis in human tumor No hormesis in human tumor 
cells in response to LDRcells in response to LDR

In vitro & in vivoIn vitro & in vivo

Whether LDR induces sameWhether LDR induces same 
adaptive response between 

normal and tumor cells?
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D1 D2+

When mice were killed on day 20 after D2 therapyWhen mice were killed on day 20 after D2 therapy, 

tumor inhibition (%) was calculated:

tumor volumes in sham – tumor volume in irradiated groups x 100tumor volumes in sham tumor volume in irradiated groups      x  100

tumor volume in sham.
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A few in vivo studiesA few in vivo studiesA few in vivo studiesA few in vivo studies
• Cheda A et al. Single low doses of X rays inhibit the 

d l t f i t l t t t d t i thdevelopment of experimental tumor metastases and trigger the 
activities of NK cells in mice.                                                
Radiat Res. 161 (2004) 335-340.
A d RE t l R di ti i d d t ti f th• Anderson RE et al. Radiation-induced augmentation of the 
response of A/J mice to SaI tumor cells.                                   
Am J Pathol. 108 (1982) 24-37.
Hashimoto S et al The s ppression of metastases and the• Hashimoto S. et al. The suppression of metastases and the 
change in host immune response after low-dose total-body 
irradiation in tumor-bearing rats.                                           
Radiat Res. 151 (1999) 717-724.( )

• Kojima S. et al. Elevation of glutathione induced by low-dose 
gamma rays and its involvement in increased natural killer 
activity.                                                                                   y
Radiat Res. 157 (2002) 275-280.



• Whole-body LDR, given to tumor bearing mice before 
implantation of tumor cells suppressed tumor growth rateimplantation of tumor cells, suppressed tumor growth rate 
(Cheda et al. 2004; Anderson et al. 1982).

• Exposure of tumor-bearing mice to four doses of 250 mGy X-• Exposure of tumor-bearing mice to four doses of 250 mGy X-
rays at day 0, 7, 14 and 21 after implantation of tumor cells 
significantly suppressed tumor cell growth (Hashimoto et al., 
1999)1999).

• A whole-body irradiation with 200 mGy, given at day 14 day 
ft th i l t ti f ll i h t ll (KDH 8)after the implantation of allogenic hepatoma cells (KDH-8), 

significantly suppressed the incidence of lung and lymph node 
metastases (Kojima et al., 2002).

These results suggest the absence and even 
suppression of the tumor cell proliferation potency.pp p p y



io
n,

 %

35

40 U251 *
* *

*# # #
#

30
35
40

io
n,

 % NCI-H446
* * * *

#

30
35
40

io
n,

 % NCI-H446
* * * *

#

10

r 
in

hi
bi

ti

15

20

25

30

*

10
15
20
25
30

r 
in

hi
bi

ti *

10
15
20
25
30

r 
in

hi
bi

ti *
10

17

Tu
m

or

0

5

10

Con
tro

l

D1 D2
1/1

2h
/D

2
1/2

4h
/D

2
1/4

8h
/D

2
1/7

2h
/D

2

0
5

10

Contro
l

D1 D2
/12

h/D
2

/24
h/D

2
/48

h/D
2

/72
h/D

2T
um

or

0
5

10

Contro
l

D1 D2
/12

h/D
2

/24
h/D

2
/48

h/D
2

/72
h/D

2T
um

or

C

D1/ D1/ D1/ D1/C

D1/1

D1/2

D1/4

D1/7C

D1/1

D1/2

D1/4

D1/7

60

* #S180

tio
n,

 %

30

40

50 *, #

*, #

*, #S180

Nude mice
30

m
or

 in
hi

bi
t

0

10

20 *

C57BL/6J

Tu
m 0

Con
tr

ol D2

D1(
50

)/D
2

D1(
75

)/D
2

D1(
10

0)
/D

2



HDR or 
chemotherapy • do not affect tumor 

sensitivity tosensitivity to 
radiotherapy or 
chemotherapy

LDR



HDR or 
chemotherapy • do not affect tumor 

sensitivity tosensitivity to 
radiotherapy or 
chemotherapy

LDR ti l t d
LDR

• LDR-stimulated 
immuno-function to 
eliminate the 
residual cells afterresidual cells after 
radio- or chemo-
killed or after 
surgerysurgery



HDR or 
chemotherapy • do not affect tumor 

sensitivity tosensitivity to 
radiotherapy or 
chemotherapy

LDR ti l t d
LDR

• LDR-stimulated 
immuno-function to 
eliminate the 
residual cells afterresidual cells after 
radio- or chemo-
killed or after 
surgery

AR: 

• protect the normal tissue from

surgery

protect the normal tissue from 
radiotherapy or chemotherapy 

• Increase therapeutic doseIncrease therapeutic dose
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