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Abstract

Medical radiation is very useful for the diagnosis of diseases but the radiation can
affect to living including the cells in the human body. The objective of this research to study
the effects of diagnostic radiography using diagnostic reference levels (DRLs) in radiographic
imaging, which is the level used in general x-ray to peripheral blood mononuclear cells
(PBMCs) and study the changes of cells after irradiation.

The freshly PBMCs were collected from the bloodstream of healthy volunteers and
were isolated by density gradient technique and were irradiated by x-ray and measuring the
amount of radiation at 0.47-2.30 mGy, which is the amount of radiation used in chest x-ray,
pelvis, abdomen and lumbar spine. It is considered the central organ of the body. And the
experimental results were collected at 1 hour, 1, 5, 10, 15, and 20 days after the irradiation.

The results were found that the morphology of the peripheral blood mononuclear
cells were round and consist of two populations as lymphocyte and monocyte. The
characteristics of the cells on the day 20 in the irradiated group were showed that the cell
differentiation less than the control group. And the staining of CD34" and CD133" were
found different in the chest x-ray techniques, which have the least amount of radiation.
While the control group and other dose in difference x-ray technique were no difference

staining of CD34" and CD133". As for the proportion between staining the ratio of




CD34"/CD133" was found that the irradiation group using pelvic, abdomen and lumber spine
x-ray technique are differences from the control groups.

In conclusion, the results showed that the lowest radiation dose from chest x-ray
technique could effect to stem cells expression of CD34" and CD133" and the higher
radiation dose by x - ray technique, it may effect to the proportion of CD34" and CD133
and in addition, when culture cells up to the 20 day was found that the amount of radiation
used for general x-ray imaging had an effect on the differentiation potency of cell.

The overall results indicated that the PBMCs might be considered as biomarkers were
found to have a significant radiation effect on the morphology and differentiation of PMBCs
and raises awareness on the use of radiation in medical including being careful when using

diagnostic radiation both in workers and patients.
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| Irradiation system

l # Control and irradiation group
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Natural Radiation 80% Man-made Radiation 20%

Food/drinks 9 % I:I Medicine Almost 20 %
Radon gas from 42 % - l:] Others Below 1%
ground
” (Including occupational
Cosmic rays 13% - exposure, fallout, products
and nuclear discharges)
Buildings/soil 16 % [ g

Reference: Sources and Effects of lonizing Radiation,
UNSCEAR 2008 Report
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waddadenvuialuluduaded (PBMCs) Sugadidindenunvielulufinaded (PBMCs) 1uwad
Fuenlgannden Ussneusewadififamduanay Wy Lymphocytes, Monocytes, Natural killer
cells (NK cells) wag Dendritic cells (3Ufl 5) uavaziidnlsznevveavadsuinanvasnidonnio
fiSeniuin peripheral blood stem cells G’?ﬁlﬂﬂsmmiaWUﬂdmaﬂ Hematopoietic stem cells Wag
Mesenchymal stem cells Fauans Antigen U4 Membrane Wy CD34+ uay CD133+ (Kleiveland,
2015) Tuwdadiadenynviialuluiiiaded (PBMCs) GLumgwéﬁ?u%wué’mdaumaa Lymphocyte 7

70-90%, Monocyte 10-20% Iu%mz‘ﬁ Dendritic %atyjﬁﬂizmm 1-2% (zZhang & Huang, 2012)

33

Centrifugation

& plasma
-
Blood Lymphocytes, monocytes, platelets|
Ficoll-Paque PLUS
Ficoll-Paque PLUS granulocytes, erythrocytes

Ul 5 nszurumsuen wadidadenvnvialiluiaedea (PBMCs) ainidonlaemadin Density
gradient centrifugation technique IngdauUsenauvasdaandsinnisdusiezseneudie (1)
Plasma, (2) Lymphocytes, Monocytes, Platelets uag (3) Granulocytes, Erytsfib’ﬂuﬂo— cytes.
dimusynouves Lymphocytes, Monocytes, platelet 1usunuvessaaiindonynviinluly

Jmdsa (PBMCs)

wadidadenvnvialuludaedea (PBMCs)  fianuanunsafizasyldiduivadeineg
(differentiation) %1 Blood cells, Endothelial cells, Hepatocytes, Cardiomyogenic cells,
Smooth muscle cells, Osteoblasts, Osteoclasts, Epithelial cells, Neural cells, Myofibroblasts
LANEANTTULALAUEINNTOA “UENL%ﬁﬁﬁ@ﬂ%%’uﬁﬂaﬂ’l’wLL’mé’allLLaxﬂﬂﬁﬂﬁLﬂuaéiu%mzﬁu
saufansuansesnvenvaddusuidnnielusianie Fsan1izuandenne saudeuiuasedly

595UBNALALSIANTTLUNIINTENNauTinasa e TTInwarsruuadnielus1anie Fastuldfesed

NgRTLN1TIRsTUN1INITUINE waziin1sAnwInuINSIAlendinasatwadiindenusialuluy



Jpdua (PBMCs)  wannansuazmiedey Tnenuinddondusunn 03-0.7 Gy wliwadidnden
uialuluilanded (PBMCs) LAANIANELUU Apoptosis 619 80% (KERN, 1999) LATWUINTAALIN
wenvuwialuluiiaded (PBMCs) ﬁlﬁmﬂmmaﬂﬂsqmmwaLLé”Jﬁwmma%’qﬁLaﬂéﬁﬂ%mm 0.1,
0.25, 0.5, 1, 2 uag 4 Gy wui1 DNA Hn15uaniinlaginmnueieiiansnige wasaINIeER 0, 24,
48, 72 uay 96 %’ﬁm (Moreels, Baselet, Van Hoey, Vanhavere, & Baatout, 2020) AADAIUD
WU eBendanunsavitliiinnsuaninues DNA 08195901597 40 uriindsanaredsdiendiile
MUNITANY b USEAUTRINAaBd (AzZimi, Mozdarani, & Mahmoudzadeh, 2017) waglu
drutsznoviinuldlumadidndenvvinluluinedes (PBMCs)  fwunldainidenuanainas
Useneudswadiiiduadsanauudfeilwadduiniafinuldlévasndoansendensiafiiy
CD36+ uay CD133+ Faimnuanunsalunsdeuadnenielusienie (Wang et al, 2019) Seutiuauin
USueussdgandinans waanunlinneiuny
walunsnusnefieatunsldsusdendlussduuinugiensiliasnsiaedede
sufsfiBuonaglaslulsy Kiunsli¥adiadndudosliAnusslonigean uavanuinaiadilsl
Indulifuduae ndeyaszivusunusedsnsdslunisaiennssdidady (diagnostic reference
levels) ?fal,ﬂwé’ﬂmm%é’m@amsﬂuaaﬁmiﬂimﬂéixmwﬂigLwﬂ (international Atomic Energy
Agency ;IAEA), awmwsﬂiﬂ (european Commission ;EC) wag National Radiological Protection
Board (NRPB) Liletnedmuauazaiunuuianassanldduguaglailvigaiuly (Seidenbusch,
Rosenberger, & Schneider, 2019) wuiszaUUSINsaUSdo8luAIsaEonaL s lUIf1ge v 1
USunsausedfiunnsneduly wudnusunasadlunisaneenasddiusinge 19u Chest, Abdomen,

Pelvis, Skull, Lumbar spine ﬁlzaéﬁiwdw 0.17-8.08 mGy mGy (Compagnone et al., 2004,

Y
Edmonds, 2009) dudulsumsdnliguiuludmiugiae auszasdlunuideluasiifwionisy

Y

[ a o

eAnwINaveIsEulTuIussdo1sdslunisatonnssd@itiane (diagnostic reference levels) Tupf
9g5enINN 0.17-8.08 mGy Faduszauildlunsaerenaisdaly (plan film) waznanawadidndon
anudialaluiledea (PBMCs) waziwaddurinuilauia CD34" uag CD133° flAuaineranadns

= = d‘ v Y v A = a a [ 4
gUNING Iﬂﬁlﬂﬂ‘l‘:ﬂﬂﬁimaEJuLLUaQﬂaQT\]'IﬂL‘Uﬁﬁmlﬂ’iﬂ'Naﬁﬁlllﬂ\iﬂ']'ﬁLﬁ]iﬁyILmUIGﬂUiSGIUWENVIG]ﬁEN



una 3

A5ALIUN15IY

1. Usgrnsuazngufiegng
nsAatdanaIanasing 1Asin153deilan1uni1sveasesssulunyed umInedesedn sa

1n599719115798 RSU-ERB2019/026.0702 Ineldonarasinsdandninauailunisamdenenaiadas

i <

FUAMA fA1sNINARERNNGNe AalAIH I Naun1MLTIuse (healthy donor) 81y 20-30 U

o q
WU 4 AU (AT 2 Laznds 2 au) Ynsinuwadidiadenvnsidaluludinfvansodiures
buffy coat 1nUNdBA  FIUIU 20 Tadans (ml) fewmatlan1sUumIes (density  gradient

centrifugation technique)

2. AIaNaNIYluN15IY

[

I ada
521 U8UTD39Y
1. Bunsidelu vaeavaaes (in vitro) wazUiRnnuasesssunisiveluuyud (ethic)

1 <

2. fAndennaueaadinsiivaitauninudause (healthy donor) 818 20-30 U 91u3u 4 AU
ey 2 waznds 2 Au) vinsiiugaddadenyavialuluilundeansediuves buffy
coat MNAnasaLdana (peripheral blood mononuclear cells) (10ml) MewmatianIstu

Wi Tae3En1s Ficoll-Hypaque density eradient centrifugation é’ﬁgﬂ‘ﬁ' 69molU



Healthy donor (18-55 yr.)

> Male:2, Female:2

> Non-alcoholic

» Non-smoking

> Normal body mass index

2

= —
It
Plat
— ‘ Blood sample —> Frsbnd
il
~ Ficoll Grar
L B
eII culture in 24 well plate

Blood 10ml

4/
e Chest technique Abdomen technique Pelvic technique LS-spine technique
T A Y e 'S d’c €
v s e fﬁ
J" :"d'xﬁ § ,t‘fcg (3 é‘ ‘1’2":?:‘} ?.'a‘h‘fdft’.s & b"a t“css

Control group Irradiation group (Chest,Abdomen,Pelvic,Lumbar-spine)
Central oragan

» Observe cells morphology by Inverted light microscope
» Enumeration of CD34* and CD133*cells (1,5,10,15,20)

Analysis data

SUN 6 seeuIsIvglunIsnnaad

U

3. n1sas1aAsaslanlylunisiae

3.1.

nsusniwaaiiadenuviaiiededfen

nsuenwadidaienynuiaiaindsaiien (peripheral blood mononucleated
cells) Mnidond1uau 10 fadans Inefidudeadildflsunainnisasialse Tasussglu
lithium heparin  tubes  itedosfumsudsfvonden  niuiidesludumiodd
AEL 4,000 sousoundl (rpm) Wunan 20 wift anduivaiuanzdiwes buffy
coat Wazi buffy coat unAoansluaIsazane phosphate buffer saline (PBS) pH 7.4
wireinansazate lymphoprep ludasidm 11 wdnhludusiesd 4,000 rpm
Buoar 20wt indugediuveasadidnidentviadaedaies  Geasd
drulsznevvenvadduiuile ¥ila CD34" wag CD133 Yund1ede a1sagane PBS pH
7.4 Pnthdaiuasivilidindenuns (RBC lysing efdniindoauns waarhludu
Wissdl 4000 soURBWT (rpm) LHunan 20 wid ntupadusgneueaTadisinden
amwiadundsaiien wdnhludeduomsidonts RPMIL640 Aifidauusznoures 10%

Bovine serum wag 1% pemcuLUn / streptomycin LmeUlﬂumuwzja @mqm%qi

37 °C, 5% CO2 LAYATITY (humidity) 95%

10



NNSLAYUYRR LUTEUUNDINAADY

3.2
wadifindonumeietedoadion wwgnissiimmdudu 10° celuml) Tuamu
Foagaduin 24-well plates with RPMI-1640 w/o L-glutamine and phenol red
supplemented with 10 % human serum group O or fetal bovine serum and 1 %
penicillin /streptomycin (BioMedia) at 37 °C in 5 % CO 2(g) atmosphere in a
humidified incubator at 95% humidity. The cell morphology was examined under
an inverted light microscope every 24 hours. The cells were counted using a flow
cytometer.
3.3.  wallan1sag5ed
wellAn15a1859@ (irradiation technique) IngAsnsvnassazleniwadoandu 2
nau Fap15199 1 fie
naud 1 nguwadidnidenvnviaiiundvaion yaauaulilauaiesesdiond uas
nauil 2 nauwadidaidenvnviaduedsaien AldfunsaiemeddendUiunu 0.47-
2.30 mGy
ms1ait 1 wedalumsaeaienasduasUSinnsa
Organ kv mAs mA sec mGy
Chest 110 b 100 0.05 0.47
Pelvis 70 20 200 0.1 0.71
Abdomen 90 20 200 0.1 1.16
Lumbar spine 90 40 200 0.2 2.30

ImaiﬁﬁﬁzazizmwwaaﬂLaﬂsms?ﬁqLezjaa‘l,ﬁml,ﬁawmwﬁmﬁqLﬂﬁaaLﬁaaﬁLﬁmaq”Lu

PUNIZIFEYin 24 well plate Nisze 100 WwURWAT AgUN 7

11



7 - . > < 7
= e

B 24 well plate

4

JUN 7 mallannsanead alfeandennnistiumies b.dleidu lymphoprep udaduwies caznau

s X v s o 1 X s
LY d.LaENLGUaﬁmLu 24 well plate e.I‘lﬁ%fEJ%ﬁ]']ﬂ'ViaaﬂLaﬂ“?jlﬁﬂﬂ\?@nLL‘WUQQWULWiqgLaEJ\‘lL"'UaaVﬁgEJ%

100 LYURLUAT

3.4. walansdauwaa antibodies CD34 CD133
anuadiiogluatumedosia 20-well plate Frrmndudu 10° celyml a0ty
tandusieafininuds 7000 seusiewd (rpm) Wunan 1w Pnufiudiuanmediu
yosmenoundalUdene PBS 1 seuudilumisweiininmss 7000 seusiewidt (rpm) 1Hu
a1 1 Wit ntkuBy PBS 200 ul waz CD34 10ul . CD133 1ul waviluvnlufisn 7 a

perwadoa 1 unal 30 wiil uaniluiadeygimee Flow cytometer

< v
4. nMsusWTINTRYA

Anwianwalz morphology Mluveswad 1wy cell membrane, nucleus lagndes Inverted
light microscope Hazfnwinisasuntasdnuiulazensidiu (ratio) veawaanuniialurasn
\donszwinawila CD34" uaz CD133 Iagld Anti-CD34 -FITC way Anti-CD133 -PE #1 1,5,10 uag 15
Tu IneiAses flow cytometer

< v = [ ] ¢ < A a a a ¥ .

nmaudeya Anwidnuarsusaeandaitenvnvialuluiduaiealaendes Inverted light

microscope wagAnwnsildsuulasveawadsuiinlunassidensin CD34" uay CD133" 7 1,

5,10 wag 15 3y

12



5. nmsaaTedeya
n19IATIEteyavriviadsamnn lnggdadeaindnuuzveswad (morphology,  cell
membrane, nucleus) kagtBIUSINUINEANYINISURLULUAIT I UIULALERI1AIY (ratio) Yadwasnu
o LY o £y 'S

Aanasainaiessd lagldan mean, SD, %39 ANOVA iszautisd1Agn1sana (p<0.05) a1y

ANULANASERINNENAIUANUNR fungduillasunisany Sedlend

13



uny 4

NaN1INAADY LazanUsena

NANIINAADY
watian1suen PBMCs wazmaianisaieded

PnalanIsLenaswuUsemAlanstuwies (density  gradient  centrifugation
technique) e niden 20 fladans wuineyldwaduszanar 20x10°  wad Teevhmsidsduaiy

wneidenead 24 well plate wagiuanguamiunivauiasdmsuntesadienaisy

Y a < & Y a
AN¥ULYa9 PBMCs fAUINNIGERAY29818adATHUNAING

dnwagYes PBMCs einlaein3as flow cytometer wulianunsauuslailu 2 ngu fe
lymphocytes @ monocyte faguil 8 uaAsuUIAYBY lymphocyte  aziivwinAaud1ndnni

monocyte

PBMCs

1024

Lymphocyte

SS

VFS - T T T T T

gﬂﬁ 8 dnwEU Peripheral blood mononuclear cells Tngldiadas flow cytometer

lnefidnuazvesguiagadnueniaeinaia density gradient centrifugation technique Wiedesain

NA9IRansIAlYlaiIngu (inverted microscope) IxnuInsanianyenay (spherical shape) 4

14



fv a o

UM 9 wazh 1 Mlusdmamuidnvaswaaddldnuasnay  ifinsudsuudasgusimislungy

[

control Uagnguanesad

fa5Uft 10
-

Y

A B C

JUN 9 dnuaizvesgaanasannskenlaemaila density gradient centrifugation technique wae

do3renaodganssAvliningu (inverted microscope) a.fMasvee dx B.AfM&ae1y 10x wae

C. Wevgnunmaziiuwadianuuynal

dnwnizuas PBMCs Miiuannidanvasaranasinsgunmd uasainaiesed
Fovhmsaedsdenaisddanadalumsnsd 1 wudhlufuil 1 (24 Hlug) dnvazvesvad
naumuAy uaglunguiinnesdienuse Tdnvauriadefu waznuirfingueadiinnissusiu
\Dungue fagud 11
warlutudl 5, 10, 15 wag 20 FagUil 12-15 wuineaddidnuarntsTustunnudadu
dnwaglanzvouradduinidn  (colony of stem  cells)  uaziwadinisAsuulaguie
(differentiation) TU\ludnuwauzianig 1w stromal cells, mesenchymal cells

Ao a 1

dl' o ! dy (3 o A (Y d‘ ! = & 1

dipvhnisandiuresesieseadeanluiun 20 AU 16 wudl dsliwaddiundsdineg
9 & ¢ = ] ¢ ¢ . A a
AUULNISLABUYARLIENIN WaaLN1e (adherent cells) uaslaanaoy (suspension cells) ABEIUN
andaly  wudmidlunguaiuny  wagnquiiatesidoneisdusuiaengg  I3UTanuunisiisunla
JUTN Tudauwadinizvunaivglunguniuay FeUsunusidenvisiinadodnvaensildsunla

TUuwadinizuaswasany

15



Inverted microscope 20x

Control 0.4mR 0.7mR 1.7mR 2.3mR

A = Y v (3 1 1 1 v v a I
E‘U‘V] 10 71 1 Talus ANYNSVBUTANIENINNG control LLﬁSﬂQNQ']EJi\‘]ﬁWJEJUSM']ﬂN]'N"']

Inverted microscope 20x

Control 0.4mR 0.7mR 1.7mR 2.3mR

JUA 11 Tufl 1 dnuagveaeadseninengs control kagnguaiesednmeusunnmigeg

Inverted microscope 20x

Control 0.4mR 0.7mR 1.7mR 2.3mR

[

JUN 12 Tufl 5 dnunvveieadsendneng control kagnguaiesedmeusunnmigeg

16



Inverted microscope 20x

Control 0.4mR 0.7mR v 1.7mR 2.3mR

A v (% (3 1 1 ! v AV a !
E‘U‘V] 13 9uUn 10 ANYSVBATANIENINNAN control LLﬁBﬂQMQ']EJi\‘]ﬁWJEJUﬁM']ﬂJWN‘]

Control 0.4mR 0.7mR 1.7mR 2.3mR

JUN 14 Jufl 15 dnualgvaseadseninnay control WagnguateSedmeusunnmigeg

Inverted microscope 20x

Cotrol 0.4mR 0.7mR 1.7mR 2.3mR

el' v a % s ! ! ! v Y a J
E‘LJ“V] 15 9uUn 20 ANYUSVIUYARITWINNGH control LLﬁSﬂQNQ’]UNﬁ@I’JHU?NWNWN‘]

17



Inverted microscope 20x

a oy

0.4mR 0.7mR 1.7mR 2.3mR

Control
JUN 16 Ju 20 dnwazvaganseninengy control kasnguateSadmeuiunnmie lnae1a1ms

Y

BRNGGE PR
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A158au Anti-CD34 -FITC wag Anti-CD133 " -PE ffu PBMCs

ynseuwassiuiu 10° wadiu Anti-CD34-FITC way Anti-CD133'-PE wilaSeudieu

ANUUANANTENINNGUAIVANKAENENRNBTIETINALAR19 IneToLARARIRINITIN 2

A1919 2 Wosidudlun1sin Anti-CD34"-FITC wag Anti-CD133"-PE

Time Technique % positive cells % positive cells
staining (CD34")  staining (CD133")

1 #lus  Control 84.35 95.67
Chest (047 mGy) 84.99 96.04

Pelvis (0.71 mGy) 84.52 96.89
Abdomen (1.16 mGy) 84.49 95.75

Lumbar spine (2.30 mGy) 85.71 96.39

209l Control 85.63 78.35
Chest (047 mGy) 91.11 97.37

Pelvis (0.71 mGy) 85.75 95.45
Abdomen (1.16 mGy) 91.35 97.38

Lumbar spine (2.30 mGy) 91.37 97.37

Day 5  Control 99.62 95.47
Chest (047 mGy) 89.76 96.64

Pelvis (0.71 mGy) 89.86 96.42
Abdomen (1.16 mGy) 88.73 97.16

Lumbar spine (2.30 mGy) 91.88 97.73

Day 10  Control 95.65 96.20
Chest (047 mGy) 92.94 96.94

Pelvis (0.71 mGy) 91.51 96.03
Abdomen (1.16 mGy) 93.14 96.79

Lumbar spine (2.30 mGy) 92.29 95.44

Day 15  Control 93.85 72.31
Chest (047 mGy) 96.77 96.27

Pelvis (0.71 mGy) 97.90 84.54
Abdomen (1.16 mGy) 75.39 64.60

Lumbar spine (2.30 mGy) 96.37 90.43

19



uazilevimslianging  Wevhmsdoumadn 1 il sgwuinUefidudnisdeuvads]
dndunsfin CD34 awfiffosndt CD133 welunguauay waenauillauaiesddematiaseg Tng
Wedlduves CD34=84.35-85.71% way CD133=95.75-96.89 Aaunuiif 1

fi 24 $3lus uay 5 Fu wuinlesidudues Anti-CD34"™-FITC 1nnd1 Anti-CD133"-PE lungu
yamuAL uslunguiatessdsmewmeaia chest, pelvis, abdomen, lumbar spine fiUasidud Anti-
CD133"-PE 110091 Anti-CD34"-FITC faunundiil 2 wag 3

fuil 10 wuifwefiusives Anti-CD34"-FITC (91.51-95.65%) wounin Anti-CD133 -PE

(95.44-96.94%) Fawan1snaaesazAigqiulugie 1 Tlumdsainnsaeded dasuniin 4

v a f @ 6

Jufl 15 wuiilesidudves Anti-CD34 -FITC 11nn31 Anti-CD133 -PE sislunguyaniun

! dl v a v Qd‘
HAENGUNRIYIIE ASUAUNUN 5

I Anti-CD34+-FITC
100 - I Anti-CD133+-PE

% positive cells at 1 hr after irradiation

Control Chest Pelvis Abdomen  Lumbar spine

Organ

uunii 1 Wesidunisdeuia Anti-CD34™-FITC way Anti-CD133 -PE finan 1 Salumdsarnnisane

[

S9@
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I Anti-CD34+-FITC
I Anti-CD133+-PE

100

80

60

40

20

% positive cells at 24 hr after irradiation

Control Chest Pelvis Abdomen  Lumbar spine

Organ

WHUNTT 2 Wesidunsdeufin Anti-CD34 -FITC wag Anti-CD133"-PE finan 24 dalus vive 1 Yu

Y

PAIINNITRIYSIE

I Anti-CD34+-FITC
I Anti-CD133+-PE

100

80

60

40

20

% positive cells at day 5 after irradiation

Control Chest Pelvis Abdomen  Lumbar spine

Organ

LLN‘L!ﬂfI‘ﬁ 3 Wesigunsdouin Aﬂti-CD34+-F|TC bbele Anti-CD133+-PE ‘ﬁL’Ja’] 5 JUNSININNITANY

Y

[

Sed
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% positive cells at day 10 after irradiation

I Anti-CD34+-FITC
100 I Anti-CD133+-PE

Control Chest Pelvis Abdomen  Lumbar spine

Organ

LLN‘Llﬂﬁ‘ﬁ' 4 Wesiunsdoufn Aﬂti—CD34+-F|TC bbE1 e Anti—CD133+-PE ﬁL’JaW 10 TUNE9IINNITAY

Y

% positive cells at day 15 after irradiation

48 day 10

B Anti-CD34+-FITC
100 - I Anti-CD133+-PE

Control Chest Pelvis Abdomen  Lumbar spine

Organ

WUndf 5 Wesunsteuin Anti-CD34 -FITC wag Anti-CD133 -PE ilian 15 Yundsainnisane

Y

[

S9d
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wilddnuantmeassiauil 1 $alus audenan 15 Yu wadildoufin Anti-CD34"-FITC
fuwltndistuluoned Anti-cD133"-PE anadlneBesnnauauauludangul@susd uasdmui
MSIAUSNNUSIELlne819899nTEAU diagnostic reference level Taaisgsannisiiseaulsunusd
teuflanluiniian Ae msdelenmsdiematiamsiieUen (chest (0.47 mGy)), nseelonalsd
MmewmAlANTaegudnsy  (pelvis  (0.71 mGy)), nsaglenasdmewmaianisaetedviod
(abdomen (1.16 mGy)) wazmsaneleneLsdematiamstensegndundsdiuduor (lumbar
spine (2.30 mGy)) fuwlduosidudnsdouin Anti-CD34"-FITC Liindu

Tuwansnpasaiiionnisin Anti-CD34™-FITC  uay Anti-CD133"-PE wudannswlungs
MuANLAENguTaef e Emadasiisqiinsin Anti-CD34"-FITC uay Anti-CD133'-PE aglutis 60
Wosiuituly uazdndiunisinaglndifestuisaeandy Tuthana 1 $alusdls 15 S

uilunguilanesdseomaianisdneionsisduen (chest technique) nuinesidulunisia

Y (%

Anti-CD34"-FITC uag Anti-CD133"-PE fmnuuansnsiueesiitodfymsadi (p=0.04) :n3UT

o

17
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80 4

Percent cell staining of control

Percent cell staining of x-ray abdomen

60 o

40

20 4

—a— CD34
—+— CD133

80 4

60 4

40 4

20 4

T T T T T
1hr 24 hr Day 5 Day 10 Day 15
Time

control

—a— CD34
—+— CD133]

T T T T T
1hr 24 hr Day 5 Day 10 Day 15
Time

Abdomen x-ray 0.71 mGy

Percent cell staining of x-ray lumbar spine

Percent cell staining of x-ray chest

Percent cell staining of x-ray pelvis

100 o

—a— CD34
—+— CD133]

100

T T T T T
1hr 24 hr. Day 5 Day 10 Day 15
Time

Chest x-ray 0.47 mGy

—a— CD34
—+— CD133

T T T T
1hr. 24 hr. Day § Day 10 Day 15
Time

Pelvis x-ray 1.16 mGy

—=— CD34
—s— CD133

i R

T
1nr 24 nr.

T
Day 10

T
Day 15

Lumbar spine x-ray 2.30 mGy

U 17 wWieuifioy Anti-CD34"-FITC uay Anti-CD133 -PE Wenennunslsunassd lusaanm

1 4T, 24 d9lu9, 5 ¥, 10 Yu uag 15 Su
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o/

AdIuN15AN Anti-CD34"-FITC waz Anti-CD133"-PE fiu PBMCs
wmalANsaes@diomatiang Jaslisyfuuiunasdiunnsetu Suadedadiunisie
Anti-CD34"-FITC uaz Anti-CD133"-PE sla PBMCs vidlungumueuiiliaedsduaznaduiinnsed Tae
wuidadau Anti-CD34 -FITC wag Anti-CD133 -PE Tungumuauiilewisuiiisuiunguiianesed 1
AuLaNARiuluNsEgenwsdduTingIu (pelvis x-ray) NsangengLsdyesias (abdomen x-
ray) LLazmsmmaﬂmiéﬂizQﬂdauﬁmm (lumbar spine x-ray) lagdlauuanasiusg 9 TTya Ay

9&dd (p = 0.04, 0.0002 4ag 0.007) wWAlINUALLANANAUTENINNGUAIVANLALNAUNRNESE

AMYN1SONLIENTIEN (chest x-ray) BellUSuuSdtosiian AaHUIN 6

CD34/CD133

Control Chest (0.47mGy) Pelvis (0.71mGy) ~ Abdomen (1.16mGy)  Pelvis (2.30mGy)

Radiation dose

W7 6 dadan Anti-CD34"-FITC uag Anti-CD133"-PE fiuSinassedanag

FIWaNTVNADIRINAT kansliuINsateenTsdmsmalinange aziiusunusdnasdy

Y

SeNteeign AoN13aNeLeNYLIENTIIBN (chest x-ray) daunsaielenisdautensi (pelvis x-

ray) NM3EN8LENTLIEYRIVaY (abdomen x-ray) agnisangensisgnsegnaiuiuiel (lumbar spine

oy v v v 6

x-ray) USUNRUSIELINNTUAWAINUN 0.47, 0.71, 1.16 uag 2.30 mGy UTuUSE@Navuduiusiy

Y

dadaun1siin Anti-CD34"-FITC  waz Anti-CD133'-PE TnefiuSunaisaigedu ssnudndiu Anti-

[

CD34"-FITC wag Anti-CD133'-PE #ifinfu PBMCs umnsinsrunguitlalldunisanesediivaanan 1

[y

lus f 15 Su

wardndun1sAn Anti-CD34 -FITC  wag Anti-CD133 -PE 9gWuI1 N15An Anti-CD34 -FITC
sefilafifudinisintiosnit Anti-cD133-PE Tugndlugnanan 1 9lus 89 10 Su usilufudfl 15 a¢
wuilesidudnnshin Anti-CD34"-FITC 11nn31 Anti-CD133"-PE Tnensiudsuntadiudananasiiiuls

agadaaulunquitlasunisaneded dawsugiin 7
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o |
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NRANIINAaeNensEAuUsInusEnldluninsunmdlaeSaditady Fedndndudiunmn
o o a ° P PRy 1 I Y] ¢ I ¢
SealuszauUsuua wazdnisldnuegn1anidnawdalunianisunng a9 NN ITLNNE LD
3adelsa wenad nsulusyauwaddinsiinsAneiuegsaiiiasluseauriemaass (in vitro)

o

= qy ] 4% 1 Qldl L a % a v a Y a 1 v a

INNTANYIUVIIANTIVIN HAVDITIEND198991N32AVUTUINTIE198lun1TaN8n NS IE

aa o . . A & Yo 1 [ v ' = v 1

348 (diagnostic reference levels) Miunslaaeienatsdludiuaiviznanvessnanie dalun

MSEBLENTLIENTIEN, JUTINTIY, Yowiad uagnsegnduvasdiuiuied MilnareseAuiwadatnals
£ [y a '3 PN [y +

TusudnwaznsiUavunyasveagas (morphology) hazn1siUasulUasuesszau CD34 uasg

CD133" sowadLinaonuniviaiieasalien

[

wuiluinuravessednsensasuLUassUsveead Ysinaussddmiunisaieienaisd
N5390N, BUTINT IV, Yoavee Uagnsegndunasdiuiuied N5eau 0.47, 0.71, 1.16 Uag 2.30 mGy i
Aalaansyeriial 20 Ju mudwadenisiasuwlacguiisvesgadlagianigluiun 20 Nlinsi
gIMTdguTaRenudLNAGNYEIYad 98U adherent cells vSawadinzlunduauaunliaey
v a 1 U v a U d‘
SunnInguanesed fagun 16

a4 o = o 1 a + + = i | a
wagillevhnsfnndadiunisiufoundasves CD34 uag CD133 i lagwuinlugisiand
a + i L. = ¢ & ea X |

WaguuUasll €034 Tagaznulungunin hematopoietic stem cells fWosidudgelu du

+ | =~ s & ea A &
CD133  lpgaznulungunin mesenchymal stem cells fiwosigudiianas WelAuNanIsnaaes

Fawe 1 T1lu9de 15 Jundiananesed f9aennaninu anwuziwasninisiuasunlasludu

adherent cell #39 WadnziuLINTY ilin13Talay flow cytometer WUINTTIUIUVBINGY

nNsTsuiisudeyani1sada lungunaitesedaiomalianisateienatsdlen (chest

technique) wulnlesidulunisin Anti-CD34 -FITC uag Anti-CD133 -PE fanuuansnaiueened
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HedAgyn1eada (p=0.04) mﬂgﬂﬁ 17 fﬁqLﬁuszé’uﬂ%mmwawuaawqﬂﬁa 0.47 mGy
dnlunguaruauieIouiisuiunguiianedid farmuandrsiulunisaisienaisdgads
N34 (pelvis x-ray) N1901810NLTI9091949 (abdomen x-ray) LLazmim&JLaﬂem,séﬂss@ﬂmuﬁma’;
(lumbar spine x-ray) laeiiAULANANAUDENITYEIRYNINEDR (o = 0.04, 0.0002 Ay 0.007) uel
linuaruanssfuszninnguauauuaznguiiatefaddensienssdvsisen (chest x-ray) il
Uhinadsddentian dununi 8 mnuamsnanoinann saguldiieafuliinusdidutuenadue
ensiAsullasiedndiuues CD34" uag CD133" Tneflanuusnsrsannguauesmsonguilails

SUNsaNeSed

v v
Y A=

agumanaaesluassildslidoaguifnfunavessedlumaiidods enafinaressiuivad Gald
wadlnidenvnviadundeaionusunuvesvaduni uasnudn seduUTinuisdseium dawa
senadsuuvasgusnavoneadiilodnwlussesiia 429 20 fundsana1eisd wazkasenis
Wasuwasdngiu CD34 " waz CD133° Faduwadlunguiminwadduriuiaviln hematopoietic
stem cell Mdudurniavonsadidinden uaz mesenchymal stem cells Mduguindnwad

naLHaKAENIEAN NANUTUIUTIERINGT andriinisdenaraszRuwanaunLin

91501

lumsfnwinaassaalulavinisaressdluanmiwaddonmsifeasadegluarumizibes

a 1

Feluudderuunnuiniinsdsuradluemsidsssaduuusieg (condition medium) wy ansly
wonwadunasdly PBS  waihluaedd wiensldomsidsadeiililiemssimaniusiiu (free
serum) (Marques et al., 2019) iué’ﬂwmzmﬂgﬂdLﬁnaéLLUUGiW] 9199AWWONITNABDY LAINUIINIT
Aeawadluomnsidsasadiivsznauludelsiundailunssdusetiadosneg Tusfiueaasiid
ﬁaaluawé’u&maawa%ms (free radical) AAnTulusz UL (Sovernigo et al., 2017)
Tunuddeinuildnsndeweadiivseneulude fetal bovine serum Tusiudenafiduniily
anvazvesUneanaatggfulunguatualiazaesed lnenuindldnuuzaes colony of stem
cells safemsiasundasguiisvesead eshelusiuiogluszuueis dmasonisnsedusiieg
ndadnieuen (Guo et al, 2019) uaznsiasuutasessuirawadluiud 20 wulidnuuzves

wadinendvunvglunguniuny #10139suavenledn Usunased@nseausingg o19asiinasans

Wasuwlasgusrawadluifunuy adherent cells fagui 18

28



Remove condition medium

Chest (0.47 mG) Pelvis (0.71 mG)

Abdomen (1.16 mG) Lumbar (2.30 mG)

[

JUN 18 dnwauzvaduansynIangu control kaznguaiesadnieUsinasiingg lnsieremsideasas
pon Tuiui 20 v naesed
wazsmdenanmsanendunmslasdlulnuimeddidadesonisianieonvesdndiu
CD34" do (D133 uansvannguithldlasused  delduSinassdanmaianisaeenasdig
wiAtlAn13angdudeans1u (pelvis (0.71 mGy)), Mseneeneisdmeimaiianisaievesyias (abdomen
(1.16 mGy)) wag MsaeeNgsdmemAliANIsIensEandunasdIuduel (lumbar spine (2.30
mGy)) uslinunisiddeuidadunisaneenaisdmemainnisaneUen (chest (0.47 mGy)) uag

anunsaiunssuLUaEnYe UIIvBILadININIRBUALReIElA
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Fenvnuiaiandeaiios (peripheral blood mononuclear cells) inszinannsadufavsdnis
Finmuazidenlfiamewadinaneraatnsguamd aunsadafuldie desgldfudeyadidu
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niUaelagnse Feaziinlinanismeasiwlsusiu sautienavgldiiarlunisdnyiduaaiuiy
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(2 (% [
=1
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