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Background

 Distinct effects of LDR has been recognized more than
20 years ago, and extensively confirmed by
subsequent studies in cultured cells in vitro and
tissues in vivo, as shown by hormesis and adaptive
response.

 However, due to the public fear of radiation and the
current use of so-called linear no-threshold model for
national and international radiobiological protection
organizations, few studies on the potential application
of these LDR-induced hormesis and adaptive
response in clinical setting have been explored.
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What are the biological
or medical implications?

» Effects of LDR on male germ cells
* Anti-tumor studies & pre-protection

 Effects of LDR on normal and tumor
cells

 Diabetes
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Why | am interested in LDR effect
on male germ cells?

Disease
Somatic

Cancer
effects

Organ dysfunction

Male-mediated heritable effects




Cytogenetic effect of low-dose
radiation on male germ cells

1500 mGy

6 hr 60 days Cytogenetic

" analysis

A Mated with

intact females

Dominant lethality
analysis

Cai et al., Mutation Res
1993, 1994



LDR-Iinduced cytogenetic damage

Spermatogonia
translocation, %

Cai et al., Mutation Res
I 1993, 1994



L DR-Induced heritable effects

Dominant lethality, %
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Cai et al., Mutation Res
I 1993, 1994



Somers CM, Sharma R, Quinn JS, Boreham DR. Gamma radiation-induced
heritable mutations at repetitive DNA loci in out-bred mice. Mutat Res. 2004 Dec
2;568(1):69-78.

Overall germline mutation
rates at ESTR loci in groups of
mice where males were
treated with four different
doses of ionizing radiation from
a cesium-137 source. Mutation
rates were determined using
(a) single locus markers Ms6-
hm and Hm-2 pooled, and (b)
multilocus probe MMS10.
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Several methods related to
genomic effects

» Chromosomal aberrations
 DNA damage
 Embryo’s Dominant lethality

* Inheritable syndromes

Inheria



Percentage of TUNEL positive cells, %

| j Liu et al., Radiation
‘ LDR doses (mGy) Res 2006

- i -l
[ s T "=

Spermatogonia

'ﬂﬂ;ﬁﬂﬂ

-V

1l

~VIE-vil

I

-l.l
LY
]k

L

X - XII

I

B=

100 200

3

w

1 HWW I

Spermatocytes

li

i

Vil

=
-

1l

- VI

=

m |

o
1

B

m4a
o224

m 2

i

=
Ll =
[E

|

S0 TS

X - XN

€T

i

100

200



Spermatogonia
0 | . | - VI

mjl |:|§ miZ
ap L (OB @24 N
*® o \ x
= ok
40 L . ] . - .
a0 f o * " =
o —I—|-| I ]: T T
| o ls =0 75 100 200 ‘

LDR doses (mGy) Liu et al., Radiation
d



Apoptosis (%)
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Cells with sub-lethal
genomic damage.

Incomplete repair

|

Survival




LDR

|

Cell death signaling

Cells with sub-lethal
genomic damage.

Incomplete repair
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Fig. 3. Companson of imversion frequency in pKZl spleen and prostate
after single whole body exposure to X-radiation. The mean inversion
frequency in prostate (data from this study) and spleen (data taken

from Ref. [ 15]) 15 shown as a percentage of the sham-treated frequency.
The bold line (1005 represents the sham-treated inversion frequency.

*Statistically significantly di fferent from sham-treate d frequency.

Dr. Pamela J
Sykes’s Group:

Zeng et al. 2006
Mutation Res.
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Fig. 3. Companson of inversion frequency in pEZl spleen and prostate
after single whole body exposure to X-radiation. The mean inversion
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Wh at IS Medical (radiotherapy &
chemotherapy), occupational and

th e neXt? LDR environmental exposures
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Cell death signaling

Cells with sub-DNA
damage & epigenetic
changes

|

Survival

Apoptosis




What are the biological
or medical implications?

» Effects of LDR on male germ cells
* Anti-tumor studies & pre-protection

 Effects of LDR on normal and tumor
cells
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Cheda A, et al.

Single low doses of X rays inhibit the development of experimental tumor metastases
and trigger the activities of NK cells in mice.

Radiat Res. 2004 Mar;161(3):335-40.
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cytotoxicity (%)

--m---0.1 Gy

—a— 0.2 Gy

Number of tumor
colonies per mouse

Cytotoxic activity of splenic NK cells (at
50:1 E:T ratio) on three consecutive
days (24 h, 48 h, 72 h) after irradiation of
mice with 0.1 or 0.2 Gy X rays. C, sham-
exposed (control) mice; 0.1 Gy, mice
exposed to a single TBI with 0.1 Gy X
rays; 0.2 Gy, mice exposed to a single
TBI with 0.2 Gy X rays. Data points are
means + SD (bars) from three
independent experiments; each
experimental group consisted of at least
three mice.

Numbers of tumor colonies in the lungs
of mice pretreated with phosphate-
buffered saline (PBS), normal rabbit
serum (NRS), or anti-asialo GM,antibody
(Ab) and injected with L1 sarcoma cells.
Mean values obtained from two
independent experiments + SD (bars)
are presented; each experimental group
consisted of 12 mice. C, sham-exposed
(control) mice; 0.1 Gy, mice exposed to
a single TBI with 0.1 Gy X rays; 0.2 Gy,
mice exposed to a single TBI with 0.2
Gy X rays. *Indicates statistically
significant (P< 0.05) difference from the
Ab-treated mice




J Exp Ther Oncol. 2003 Jul-Aug;3(4):161-8. Related Articles, Links

( Full Text at
' Blackwell Synergy

Low—dose total body irradiation augments the therapeutic effect of interleukin-2 in a mouse model
for metastatic malignant melanoma.

Safwat A, Aggerholm N, Roitt I, Overgaard J, Hokland M.

« To test the efficacy of combining LTBI and IL-2 in
controlling lung metastases in a murine model for
malignant melanoma compared to IL-2 alone.

« Ten-week-old female C57BL/6 mice were inoculated
iIntravenously (on day 0) with 1 million B16F1 malignant
melanoma cells. The mice received either no treatment
(control group), LTBI alone (single fraction of 0.75 Gy), IL-2
treatment alone (30,000 CU x 2 daily for 5 consecutive
days), or a combination of LTBI and IL-2.

——



 Tumor burden expressed as the percentage of lung area
occupied with metastases, was the same in the control
group (8.1 = 4.9%), and in the group receiving LTBI
alone (8.3 = 4.5%). Tumor burden was reduced to 6.4
+ 3.4%) in the IL-2 alone group, and further reduced to
3 = 1% in the combined treatment group (p<0.001).

« The combined treatment caused a significant increases
In the number of NK cells, and macrophages infiltrating
the metastatic sites.

« CONCLUSION: Combining LTBI and IL-2 treatment is
synergistic and therapeutically more effective than IL-2
alone. This observation may have important clinical
implications in the treatment of patients with metastatic

malignant melanoma.
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Early growth response gene-1 (egr-1)

Egr-1 gene promoter + antitumor gene

into tumors




LDR

Egr-1 gene promoter + antitumor gene

into tumors




Biochem Biophys Res Commun. 2005 May 13;330(3) :975-8I. Related Articles, Links

Therapeutic effect of gene—therapy in combination with local X—

irradiation in a mouse malignant melanoma model.

Jin GH, Jin SZ, Liu Y, Xu RM, Yang JZ, Pan XN, Liu SZ.

* Plasmid containing miL-18 and B7.1 genes downstream
of Egr-1 promoter was constructed and used in gene-
radiotherapy on malignant melanoma in C57BL/6J mice
implanted with B16 cells.

* The treatment with plasmid pEgr-IL-18-B7.1 plus local X-
iIrradiation showed more effective suppression of tumor
growth than the treatment with radiation alone, pEgr-IL-
18-B7.1 alone, or single gene pEgr-IL-18 (or pEgr-B7.1)

combined with local X-irradiation. ‘



« Anticancer immmunity was found to be significantly
upregulated in tumor-bearing mice treated with pEgr-IL-
18-B7.1 plus local X-irradiation.

« |L-18 showed no direct killing effect on malignant
melanoma cells in vitro.

« The mechanism of the combined therapy with pEgr-IL-
18-B7.1 and local X-irradiation was apparently related
with the stimulation of host anticancer immunity by
increased secretion of IL-18 and up-regulated
Immunogenicity of the tumor cells by increased
expression of B7.1 on their surface in addition to the
direct effect of local X-irradiation on the tumor cells.

r——wv‘



Hum Gene Ther. 2007 Apr 5; [Epub ahead of print] Related Articles, Links

Therapeutic Effect of pEgr—IL18-B7.2 Gene Radiotherapy in B16

Melanoma—Bearing Mice.

Yang J, Jin G, Liu X, Liu S.

« To evaluate the antitumor role of genes B7.2 and IL18, the radiation-
inducible dual-gene coexpression plasmid pEgr-IL18-B7.2 was
constructed and its effects on tumor were detected both in vitro and in
Vivo.

» After the introduction of pEgr-IL18-B7.2 into B16 melanoma cells,
followed by X-ray irradiation, higher expression levels of B7.2 and IL18
compared with control were found both by flow cytometry and ELISA.

» The tumors received 5 Gy of local X-ray irradiation every other day for a
total of five treatments. B16 tumor growth slowed significantly when
treated with pEgr-IL18-B7.2 plus X-radiation versus either treatment

separately.



The tumors received 5 Gy of local X-ray irradiation every other day
for a total of five treatments. B16 tumor growth slowed significantly
when treated with pEgr-IL18-B7.2 plus X-radiation versus either
treatment separately.

Both 1 and 3 days after the last irradiation the group of mice with
combined gene and radiation therapy showed significantly higher
TNF-alpha secretion in peritoneal macrophages, up-regulated
splenic cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells,
and higher IFN-gamma secretion than those in either individual
treatment group or the control group.

The stimulation of host anticancer immunity by increased secretion
of IL-18 and upregulated immunogenicity of the tumor cells by
increased expression of B7.2 on their surface, in addition to the
direct effect of local X-irradiation on the tumor cells, may contribute




Clinical observation for the
use of LDR



Int J Radiat Oncol Biol Phys. 1987 Aug;13(8):1167-72. Related Articles, Links

Long—term results of low dose total body irradiation for advanced non—Hodgkin

lymphoma.

Lybeert ML, Meerwaldt JH, Deneve W.

« 68 patients received fractionated low dose total body 1rradiation
(LTBI) as treatment for non-Hodgkin lymphoma (NHL).

« LTBI was given 3 times a week, midline dose 0.1 Gy, with total dose
of 1.78 Gy.

« LTBI caused a significant increase in therapeutic response, at 5 and
10 years of patients who received LTBI as first treatment.

* No treatment related complications were noted.

* Subsequent chemotherapy in case of relapse was not hampered by
previous LTBI.

 The high response rate and extended response, without
maintenance therapy, makes L'TBI a preferable first line
treatment for patients with advanced stage low grade NHL.

—



Other clinical studies

 Safwat A.

The role of low-dose total body irradiation in treatment of non-
Hodgkin's lymphoma: a new look at an old method.

Radiother Oncol. 2000 Jul;56(1):1-8.

« Safwat A, et al.

The potential palliative role and possible immune modulatory
effects of low-dose total body irradiation in relapsed or chemo-
resistant non-Hodgkin's lymphoma.

Radiother Oncol. 2003 Oct;69(1):33-6.

« Safwat A, et al.

A phase Il trial of adjuvant low-dose total body irradiation in
non-Hodgkin's lymphoma patients following standard CHOP.
Acta Oncol. 2004;43(5):480-5.

« Safwat A, et al

A phase Il trial of low-dose total body irradiation and
subcutaneous interleukin-2 in metastatlc melanoma.

. Radiother Oneol. 2005 Nov;77(2):143-7. =~ ‘




Strahlenther Onkol. 2007 Jan;183(1) :3-9. Related Articles, Links

& SpringerLink

Radiation Therapy for Painful Heel Spurs : Results of a Prospective Randomized Study.

Heyd R, Tselis N, Ackermann H, Roddiger SJ, Zamboglou N.

130 patients into two groups: the low-dose (LD) group (n = 65 heels)
received a total dose of 3.0 Gy given in two weekly fractions of 0.5 Gy;
in the high-dose (HD) group (n = 65 heels), two weekly fractions of 1.0
Gy were applied over 3 weeks (total dose 6.0 Gy).

« The results were assessed using a five-level function score which was
documented before RT, at the end of each RT course, and at 6 weeks
and 6 months thereafter.

« At 6-month follow-up, RT led to a significant reduction of symptoms in
both groups. In the HD group, 31 sites were classified as excellent
(score: 90-100), 13 as good (score: 70-85), twelve as moderate (score:
45-65), and nine as poor (score: 0-40). In the LD group, 35 sites were
classified as excellent, eight as good, ten as moderate, and twelve as
poor. No statistical difference was revealed for two groups.

« CONCLUSION: RT is an effective treatment option for the management
of inflammatory heel spurs. The dose for an RT course should not

exceed 3.0 Gy.



Acta Oncol. 2007:46(2) :239-46. Related Articles, Links

Demographic, clinical and treatment related predictors for event—free probability following
low—dose radiotherapy for painful heel spurs — a retrospective multicenter study of 502

patients.

Muecke R, Micke 0, Reichl B, Heyder R, Prott FJ, Seegenschmiedt MH, Glatzel M, Schneider 0, Schafer U,
Kundt G.

» A total of 502 patients treated between 1990 and 2002 with low-
dose radiotherapy (RT) for painful heel spurs were analysed for
prognostic factors for long-term treatment success.

« The median follow-up was 26 months, ranging from 1 to 103
months.

« Overall low-dose RT is a very effective treatment in painful heel
spurs.

——
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* Anti-tumor studies & pre-protection
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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 may not only enhance normal tissue resistance to
subsequent radio- or chemo-therapy-induced side toxicity,
but also make tumor cells become radio- or chemo-
therapy resistance (drug resistance).
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Summary

 Low-dose radiation induced a stimulating effect, and also a resistance to
subsequently radiation-induced inhibition, in normal cell proliferation, but not
in two leukemia and two solid tumor cells in vitro.

* The lack of these responses in tumor cells was further confirmed in tumor-
bearing models.

 LDR may be used in clinics for cancer therapy or prevention of the relapse of
surgically-removed early-diagnosed in situ tomor. ‘



LDR

HDR or

chemotherapy

* Does not affect

tumor sensitivity to
radiotherapy or
chemotherapy

LDR-stimulated
immunofunction to
eliminate the
residual cells after
radio- or chemo-
Killed or after

surgery

or chemotherapy

Increase therapeutic dose

Protect the normal tissue from radiotherapy
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Physiol Chem Phys Med NMR. 1995:27(3):149-59.

Protection against alloxan diabetes by low-dose 60Co gamma irradiation
before alloxan administration.

Takehara Y, Yamaoka K, Hiraki Y, Yoshioka T, Utsumi K.

Center for Adult Diseases, Institute of Medical Science, Okayama, Japan.

We evaluated the protective effects of a single low-dose whole body 60Co
gamma irradiation against alloxan-induced hyperglycemia in rats. i) In rats that

did not receive alloxan, the superoxide dismutase (SOD) activity in the
pancreas significantly increased after irradiation at a dose of 0.5 or 1.0 Gy.
ii) In rats that received alloxan, plasma lipid peroxide levels, pancreatic lipid
peroxide levels and blood glucose were increased. However, the increase in
pancreatic lipid peroxide level was prevented by irradiation at a dose of
0.5 or 1.0 Gy; and the increase in blood glucose, by irradiation at 0.5 Gy. iii)
After alloxan administration, degranulation was observed in beta cells, but this
was prevented by low-dose irradiation at 0.5 Gy.




Radiat Res. 2000 Dec;154(6):680-5. Links

Prevention of type | diabetes by low-dose gamma irradiation in NOD
mice.

Takahashi M, Kojima S, Yamaoka K, Niki E.

Research Center for Advanced Science and Technology, University of Tokyo,
Meguro, Japan.

Pretreatment with nonlethal, low-dose irradiation has been shown to have a protective effect
against oxidative injury in animal tissues. Since oxidative injury of tissues is known to be a
major cause of many human diseases, we examined the effect of low-dose irradiation on the
progression of type | diabetes in mice. Nonobese diabetic (NOD) mice were treated with
gamma irradiation and the progression of the disease was monitored. An elevated level of
glucose in urine was first detected at 15 weeks of age in the control NOD mice,
whereas the detection was delayed as long as 7 weeks when the mice received

a single dose of 0.5 Gy total-body irradiation between 12 and 14 weeks of age.
The greatest effect was observed in the mice irradiated at 13 weeks of age. The increase in
blood glucose and decrease in blood insulin were effectively suppressed by irradiation at 13
weeks of age. Both suppression of cell death by apoptosis and an increase in superoxide
dismutase (SOD) activity were observed in the pancreas 1 week after irradiation. The results
indicate that treatment with 0.5 Gy gamma rays suppresses progression of type | diabetes in
NOD mice. This is the first report on the preventive effect of low-dose irradiation on disease
progression.




JEgrean Med Scr 2008 1 - 300-5
TSN 101 1-8934

Capwigni i The Eorean Academy
of Medical Sciences

Low Dose Radiation Overcomes Diabetes-induced Suppression of

Hippocampal Neuronal Cell Proliferation in Rats

We investigated the effect of low dose radiation on diabetes induced supprassion
of neurcgenesis in the hippocampal dentate gyrus of rat. After 001 Gy, 01 Gy, 1
Gy and 10 Gy radiabon was delivered, the dentate gyrus of hippocampus of strep-
tozotocin (5TZ Hnduced diabetic rats were evaluated using immunohistochemistry
for B-bromo-2-denxyundine (Brdl)), caspase-3. and terminal deaxynucleoticyl trans-
ferase-mediated nick end-labeling (TUNEL) staining. The number of Brdl positive
cells in the non-dabetic rats, diabetic rats without radiation, diabzlic rats with 0.01
Gy radiabon, diabetic rats with 0.1 Gy radiation, diabetic rats with 1 Gy radiation
and diabetic rats with 10 Gy radiation were 55.4 4 8 5y, 3334+ 6. 4imm, 67.7
E105mm?, 666 10.0Mmm?, 23.5E 6. 3/mm* and 14.3 % 7 2imnv, respectively.
The number of czspase-3 posifive cells was 132.6+ 37 dimm?, 2766+ 99 1/mn+?,
15.04 2 8/mm?, 571 16 %mme, 1918 44 Blmm? and 450 44 58 3imm?, res-
pecively. The nurber of TUNEL-posive cells was 24 54 2 Dimnr, 21.7 224 Ofmny’,
20442 Qiraen, 18,9628 2 Umieed, 5834 7 Bmin?, and 106.0 =9 Bimm?, respec-
treely. These resulis suggest low dosas of radiabon paradowacally mproved diabetes
induced neuronal cell suppression inthe hippocampal centate gyrus of rat

ey Words - Radiabion; Hipoocamous, (Nabeles Malius
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ABRSTRACT

Inducizon of hormsss and sdspivee maporos by lowdos
radisticn (LOE] has been exisnareely indicated. Adupires
reaponas induced by 1LTE was not only resiizani e
dxmsge caused by mbos quendy high-deon radiation, bat
sho croan resisani io ctber nonsredisiicon. challen g
such am chemical. Mechanismas by which. LDR inducss
the preveni e sbkct on redaton- or chemicakinduced
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sicn. of proteciive prodeing sch an beak sheck proding
ared wnviioxidunis. Snce oxidabve damages io e in
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skin uleer in diskbwii patieng, Mechanime by which
LR prevenis diskstes, though they sre unclear nes,
mayinclude the induciion of pancreaiic andoxidane io
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therapeuic sffects on diabetic wound heslng, macha-
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madulation, celbpraliferstion stimulston swell an
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Effects of Low-dose radiation:
Hormesis, adaptive response & standby effects

Possible mechanisms by which LDR prevents diabetes
and diabetic complications
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J Radiat Res (Tokyo). 2007 Mar 6; [ Epub ahead of print] Related Articles, Links

Whole Body Exposure to Low-dose Gamma Radiation Promotes Kidney
Antioxidant Status in Balb/c Mice.

Pathak CM, Avti PK, Kumar S, Khanduja KL., Sharma SC.

Postgraduate Institute of Medical Education and Research.

We examined the effect of whole body low-dose gamma-irradiation on the
status of the antioxidant defense system in the rodent kidneys at different
time intervals. Young male Balb/c mice were exposed to whole body
radiation from a (60)Co source at doses of 10, 25 and 50 cGy (48.78
cGy/min). Antioxidant status and lipid peroxidation were estimated in the
kidneys at 4, 12 and 24 h after irradiation. Lipid peroxidation increased
between 33% and 49% and reduced glutathione between 12% and 47% at 12
h at different radiation doses. Reduced glutathione level remained
significantly (p < 0.05) elevated even at 24 h after irradiation to 25 cQGy.
Superoxide dismutase activity also increased by 37% at 12 h on exposure of
animals to all the doses up to 50 cGy. Catalase activity increased
significantly at 12 h on exposure to 10 cGy and 50 cGy. Interestingly,
glutathione peroxidase activity increased by 31% at 4 h and subsequently
returned to control levels at 24 h after exposure to 50 cGy. Glutathione
reductase activity increased by 10-12% at 12 h after exposure to 25 cGy and
50 cQGy. The results suggest that the whole body exposure of animals to
gamma radiation stimulates the antioxidant defense system in the kidneys
within 4 to 24 h after irradiation, at doses of 25 cGy and 50 cGy.




Exp Hematol. 2004 Nov;32(11):1088-96. Related Articles, Links

eV

Low-dose radiation (LDR) induces hematopoietic hormesis: LDR-induced mobilization of
hematopoietic progenitor cells into peripheral blood circulation.

Li W, Wang G, Cui J, Xue L, Cai L.
Department of Hematology and Oncology, First University Hospital, PR China.

OBJECTIVE: The aim of this study was to investigate the stimulating effect of low-dose radiation (LDR) on bone marrow
hematopoietic progenitor cell (HPC) proliferation and peripheral blood mobilization. METHODS: Mice were exposed to
25- to 100-mGy x-rays. Bone marrow and peripheral blood HPCs (BFU-E, CFU-GM, and c-kit+ cells) were measured, anc
GM-CSF, G-CSF, and IL-3 protein and mRNA expression were detected using ELISA, slot blot hybridization, and Northes
blot methods. To functionally evaluate LDR-stimulated and -mobilized HPCs, repopulation of peripheral blood cells in
lethally irradiated recipients after transplantation of LDR-treated donor HPCs was examined by WBC counts, animal
survival, and colony-forming units in the recipient spleens (CFUs-S). RESULTS: 75-mGy x-rays induced a maximal
stimulation for bone marrow HPC proliferation (CFU-GM and BFU-E formation) 48 hours postirradiation, along with a
significant increase in HPC mobilization into peripheral blood 48 to 72 hours postradiation, as shown by increases in CFU-
GM formation and proportion of c-kit+ cells in the peripheral mononuclear cells. 75-mGy x-rays also maximally induced
increases in G-CSF and GM-CSF mRNA expression in splenocytes and levels of serum GM-CSF. To define the critical ro
of these hematopoietic-stimulating factors in HPC peripheral mobilization, direct administration of G-CSF at a dose of 300
microg/kg/day or 150 microg/kg/day was applied and found to significantly stimulate GM-CFU formation and increase c-
kit+ cells in the peripheral mononuclear cells. More importantly, 75-mGy x-rays plus 150 microg/kg/day G-CSF (LDR/15(
G-CSF) produced a similar effect to that of 300 microg/kg/day G-CSF alone. Furthermore, the capability of LDR-mobilize
donor HPCs to repopulate blood cells was confirmed in lethally irradiated recipient mice by counting peripheral WBC and
CFUs-S. CONCLUSION: These results suggest that LDR induces hematopoietic hormesis, as demonstrated by HPC
proliferation and peripheral mobilization, providing a potential approach to clinical application for HPC peripheral
mobilization.

PMID: 15539087 [PubMed - indexed for MEDLINE]
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BALB/C male mice
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Figure 1. Scheme of experimental procedures for evaluation of LDR-mobilized HPCs. LDR: 75 mGy X-rays; 150-G-CSF or 300-G-CSF: 150 or 300 pg/

g/day G-CSF administration; LDR/150-G-CSF: combining treatments of LDR and 150 pg/kg/day G-CSF administration. WBC: white blood cells. “3 d” in|
B group indicates that mice were sacrificed 3 days after LDR; “4 d” in C and D groups indicates that mice were consecutively administrated with G-CSH
for 4 days and then sacrified; “3 d & 4 d” in E group indicates that mice were consecutively administrated with G-CSF for 4 days and irradiated with

DR at 3 days prior to the last administration of G-CSF, and sacrificed after the last G-CSF administration. For BALB/C female mice, “4 d, 7 d, 10 d,
13 d, and 14 d” indicate the time (days) after HPC transplantation.
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Possible mechanisms by which LDR prevents
diabetes and diabetic complications
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LDR reduce mortality of diabetic
rats and testicular cell death
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Summary

» Reduce genomic effects in offspring
* Enhancing radio-therapeutic efficiency

* Protective effects on normal tissues from
radiotherapy

* Potentially manipulating the radiotherapy
favor to kill tumor cells and protect normal
cells

 Prevent diabetes and diabetic
complications
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