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The Differential Effects
of Gamma Radiation on Mouse
Spleen
: B Lymphocytes are Sensitive,
but Dendr|itic Cells are
Apoptotic
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Abstract

It has been well knowh that gamma radiation
suppresses systemic immunity. However, there
are few available information about differential
effects of gamma radiation on a variety of
splenic cells, especially dendritic cells. In this
study, we thus investigated the spleen of
irradiated mice. The doses of gamma radiation
were 125, 25 5 Gy, since the spleens of
10 Gy were almost
To

are

irradiated mice with

disappeared in  preliminary  studies.

determine which splenic immune cells
sensitive to gamma radiation, we measured the
proportion of CD4+, CD8+ (T
CD19+ (a B lymphocyte markers),

(a dendritic cell

lymphocyte
marker),

CDllc+ markers) cells in

23

spleen cells of irradiated mice using FACS
analysis. Although gamma irradiation decreased
the total cell number of spleen cells of
irradiated mice, the proportinon of CD4+ cells
was gradually increased whereas CD19+ cells
was decreased. This result suggests that CD4+
cells in spleen may be resistant to gamma
other cell types,
especially CD19+ cells. Interestingly, we found
in apoptosis

radiation compared to
analysis that half of splenic
CDllc+ cells of irradiated mice were annexin
V-positive, a representative apoptotic marker
whereas small number of CD4+, CD8+, CD19+
cells were positive. Taken together, this study
the
radiation on mouse spleen cells and indicates

shows differential effects of gamma
that splenic B cells are more sensitive to
gamma radiation and higher percentage of
splenic dendritic cells are in apoptotic process
than other cell types in spleen.

dendritic  cells,
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dYguzAx¥en ¥2& & o7 HIeFEH
o] Axztgo] YA olF HEMYXEL B4
& B4 284 A FZ 7o) ANFgozH |
kg & frEdn Y4E& AANC Jd¥x 99
b, AgA 9 effector celldls BEZF, THEE
F, AAAHHAE (NK cells) 5ol ey z+z4
g, HES, AAUYRE FY F 7T
€ 99333 U4

dduzEole FAGME, MR Fol
ol Y& @4, &3} antigenic peptide®] ¥
715 € 998t e WA ME &
Ns& #9%E GIY MEFOZ FAH U
o] WAtMz e of Aol e Fxd
ug 2gste vgg Hols g7l

42 4ME (Dendritic cells; DCs)& WH-&¢
a7 v|ds BHE EARL RN &
fo] EojoW ©4 ¥ dA9 AsHAHE AA
28el e YxHE o)FYch MEUAM A8
¥ %94 flelol=s FRAGMEY Fdo UH
¥ major histocompatibility complex (MHC)
classI #x8 %3 naive THEZ T AFE A
gt ol AYWS F g VR HA RO
2 FAGMAEE 713 28 9% 49349
715§ 993 antigen presenting cellsel2ta
kR

£ AYE PAA 2Abe 9 HYAEY 7
AE @71 4% d¥ozM WAL ZAL Al 9
Fo 3l S YT 7o WiE FACS #4
g 38 Lot

As 2 3y

1. Preparation of mice

HUYTE wANLAM AIKY 6 FH 4A
Balb/c £ C57BL/6 vl$2& AY AH831A
t}. o] v A g WALA ZANG A 4, 8 A <L
ALY 3 E HEsto Yt

2. Irradiation

42 8717t & Sle 27 W(container)o|
B¢ F ¥Co gamma radiator® ol 88t HAY

vy

of WAbd-g ZAMEKICH WAMY A FS ojuldY
& T8 Adoj2 HAE w2 AHAF 1.25 Gy,
25 Gy, 4% 50 Gy2 ZA3i9d. 10 Gy9 =
Agoz A YEEE FH A

3. Complete blood count (CBC) &
differential count

Complete blood count@ 3171 ¢8 WAHd =

Al 14, 49, 8Y A s dol vl mgdA
TxgdE& MA}Y  ammonium  chloride
potassium (ACK) lysis bufferdl Wol A¥+&
£8220 ¥ DWo 20v] 84§ Giemsa staining
solution (Sigma-aldrich)& 1:12 243l ¥§
F# dM%a dvlFez wARIG

Differential count@ #* CBC¢ FY¥¢ &#
of v}gx mfH TXEAE MH}A &gto]
co £4¢ & ¥ methanol2 A § 33k 20
¥l Giemsa staining solution® 40% 7} <443}
o ®¥r|Zel immersion oil& Wel=2 1000¥) 2
BEa.

4. Splenocytas preparation & fluorescence -
activated cell sorter(FACS) analysis
WAL AL 49, 8YA S goll dFA M A

2% AL phosphate-buffered saline (PBS)

o Wol 7|AHeg oA ¥ HYAEIYYIA HE

§ 22t} ACK lysis buffer@ ¥o] JET7& &

YA 5 YAEIAR F cell strainero] ¥ A

Ak PR wF HEe £& Mo} 1x10cel/mt

°] =& AHX& H® ¥, 5% fetal bovine

serum (FBS)3 0.1% sodium azide?’t 37

PBS& wash buffer2 Al§3t 2% 100 w7} 5

T8 A3 4 AE F 13 A2 biotin-

conjugated rat anti-mouse CD4, CD8a, CDI19

(BD Pharmingen)& 0.542/100u44 2o 30% %

Qt 4ColA wrgAz} %18 ¥ washing buffer

& AHE3te Axg 23 AysAch. 44 24 @

2  streptavidn-FITC  (fluorescein-5-isothiocyanate) &

308 F<¢ 4TCAA HEAAG. Ay F B

W} MX 100 utol 1% paraformaldehydest #

7t¥ staining buffer 300 st Wol WAL EH

¥%1ct7t FACSCaliber flow cytometer (Becton

1 o]



Aohd ZALA] shex uge] AHMAX W] ¥E A7 25

Dickinson, Mountain View, CA)& A}§3d ¥
A 3 ¥

5. Apoptosis analysis usihg Annexin

V-FITC

WAL ZAL 49, 89 A HE dol AL A
#A &% ¥FL Hank's balanced saline
' solution (HBSS)®} g} 27 A& % collagenase,
DNase, hyaluronidase®& 2z}z} 200 U/m4 4ol
30%7+ 37C shaking' incubatordlAl enzyme
digestdtch. 2 ¥ 10% %< ACK lysis buffer
g WA % cell strainerdl $3}AZ. A
A v AXe) 8 Aol AT F 1x10° cell2
g3t 5% fetal bovine serum (FBS)$:
0.1% sodium azide?} H7I¥ HBSSE& staining
buffer2 Al§3tAck. FAFHME BH A ¥
Bo] urgg HA3r #13 Fc receptor A&
£ purified anti-mouse CD16/CD32 mAb (BD
Pharmingen)& 1 £/100 x¢ H718t] 4TAM 15
22+ w2217t} Bidtin-conjugated rat anti-mouse

CD4, CD8a, CD19, CD11c mAb (BD Pharmingen) .

# 05u2/100pt8 A tste] 308 B 4TAA W
S A7

o] ¥ streptavidin-phycoerythrin (PE)& %&
oz JM3Yt. 2 F annexin V-FITCZ
double staining®¥ct. ¥4 F FACSCaliber
flow cytometer® Ah-8-8fe] ¥4 s cH2]

6. Measure of spleen/body weight ratio

WPALA zAF 49, 84 A HE ¢ a3 v
28 2435 AFdu ¥Fe v &g AL
%t

2 3

1. Gross inspettion

10 Gy2 WA ZAA dwtdoz zAl 2~3
d $HE veEdy LEAAGE Bt 2A
62 ¥HE foot padet ¥, meE]l oM Eol H
Loy 242 BYT EE MHAR A YEF
9 "ol AR AL wHAY F AATH (Fig. 1)

|

A) 98 B) 349 ujutg

Figure 1. 10 Gy ZA} A] vp§-29] 4

2. Change of body weights

AR vIeAE AR $2 MFo] Frlah,
WAL ZAbE vhoxe] AFE& ZA} ¥ 29
72X = A (1.25 Gy, 25 Gy), & 60 Gy), 2 (10
Gy) A% ZAZ 25N HZ3a% A ¢
F Tk EY, MFo] 242 A9 W
AEst AR BAA 27] (RA} 29A 7R
BE MY ZALZOIA 4| wizEtd HF3
A8 Bgeod 10 Gyg A9% 1.25 Gy, 25 Gy,
50 Gyt ZAb ¥ 692 %8 MFo| 3713

s AL & & Ao (Fig. 2)
2
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| ~e—cont. —=— 125Gy 25Gy ~ 650Gy ——10Gy | e

~ Figure 2. 2ot ZAlo] wE vp9-29 AF

W3 e,

3. 10 Gy Irradiation - survival rate

125 Gy, 25 Gy, 50 Gy ZAIZAAM & #HAHE:
o] wtgron}, 10 Gy ZAIZS 10d AF=2 oy
Bo] HAtet4rt. 10 Gy A2 Balb/c male 6
olgl2 Algstdch A ¥ 6Y 7AAE 69t B
F AE sglon, 8¥e 1vtal, 10964 2w9ke, 12
Aol 1uz], 1490l 1wk, 179l vz 19t
7A BE HA 100% HAMEE el
(Fig. 3
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Figure 3. 10 Gy Zebd AP A9 B&EE

4. Spleen/body weight ratio

AZdy vlAe] b & FAF F 44Ad Wz
ToAME 0465%ovt, 125 Gy ZAFRA A=
0.313%, 25 Gy ZAlEelAMe 0.218%, 50 Gy £
A2 A E 0152%2 AFol F7HEsFE HFo]
gl2xo] MZFuyl ulZe v gl HxHE &
& gtk AL ¥ 8YAdE B2 AAE 2
t} (Table 1). e14d 9] 10 Gy ZAL AYolie
o] gj&o] Aste B3 dUS # HFE #H
717} 9EAL. Fa A9 FrAd W) 915
WAL ZAL Al s e d9AE 4 F s
A& F&# ok

Table 1. AL AP wE AF3 BAFA,
aglx vFe H&

ZAL Az | uFFA| ¥E
12 19.3 0.0897 0.465
1.25 Gy 20.0 0.0625 0.313
44 25 Gy 188 0.0410 0.218
50 Gy 186 0.0282 0.152
1.25 Gy 18.1 0.0578 0.320
8y 25 Gy 186 0.0536 0.289
50 Gy 176 0.0182 0.103

@9 gram gram - %

5. Complete blood count (CBC) &
differential count
WAL ZAL Al 2 WY T 371 A
Mgo] =&42 WHT F£X& o ZFA3AN,

ITE T

Avy

zA ¥ 248 #2%e ¢ F AU 125 Gy
M= ZA & 490 AA FASATI 8Yol
= oA 3BHAR, 25 Gys 5.0 Gyl e Al
o] Ag4E WPFF AL FAHLE ¢ F A
Ath. YE e Myo| 52 F&3| s
I, 32 FE 5 Gyld ZAL F 2we] F7hg
wet 34 Hage vech

gauigle] MER 4245 5000-1100070/mio] i, ¥
T 3E 55-75%, £FTFE 10-40%°]dt.

go 8

Table 2. WAHA ZAL A] B2 o] Fe) 8%

2 qY7| PERSF | ZFTT

14 3250 65 - 35

125Gy | 4% 1750 75 25
8 2250 67 33

1 1250 55 45

25Gy | 44 1000 58 42
8% 1000 52 438

1Y 1000 16 84

50Gy | 49 750 30 70
8 500 46 54

a4 7N /mat % %

6. Flow cytometry

WAbd ZAbel whg TYZ e BYET, 3
AR Ee] 4x¥3te apoptosis®e AB/YE &
olin7] €&l FACS analysisE Al
CD4+cell, CD8+cell& THZT9 markero| L,
CD19+cell& B =79} markereltt.

CDllc+celle %2 4AH Ze] markerelt}. Table
3¢ B®E ZA} Al CD4+celle] vl &2 F713tA 2
MN@o] 248 1 ¥g&e o F7EAY. F,
PEFE AN ZAL A F7HE i@t
U2, CDI9+celld] Bl &2 FHAEHAL Aol ¥
&4 2 28k F, BYZFE WA ZAel
sy 2 F7 BLEALE ¢ F Ud
(Table 3). Figure 48 X% CD4+cell apoptotic
AXo 47} AQY3, CDI%+cell& apoptotic AE
o 71 Btk E£§, CDllc+celle Anpexin V
/-8 %7} wlede BT, ol o 40~60%2)
u]|3 W $AAMEZL apoptosis?t doivts Ao

o



Fobd ZAMA ohg-2 vgs) ANAZ Aste) B AF 27

2 33490 (fig. 4

Table 3. Splenic lymphocyte preparation &
FACS analysis (@1 %)

%2 |1.25Gy | 25Gy | 5.0Gy
CD4+cells 27 38 56 74
49 |CD8+cells | 16 | 13 | 15 | 20
CDI9+cells | 45 | 35 | 23 | 21
CD4+cells 27 31 43 63
8Y [CDB+cells | 16 | 23 | 23 | 15
lcD19scetts | 53 | 38 | 38 | 31
CDl1lc* cells CD4*cells

-
-

Annexin V-FITC

Figure 4. Apoptosis analysis using Annexin
V-FITC staining

Z

WAl 2A} Al vhp2e) FAE AW dAY
Ae #%, WY, 4453 Fol:, AU Fo
71848 AFHRL7 A8 o2 dAl A&
3 5& of2 & F Ak YA 2AZE Q)
8 MAstE fQoz: Z2YVIA BA, F A
A3 Bz Ad¥ MFAAA 5EF0), dA=
A g5 T 7IdEd 2 @

AP ZAlo] 9@ vhg-2e WMYTF F g
£ oju v @ up ciS]. & HHAME B4}
A zA A 3 H¥F FAZ F2EE B

AP Aol )% wAY)eAse JA 3 Sy
2 Qe g=79 £7 FasHAed v
Mol AEAEI Aol A¥ X EFTFe
2ol E Frisinl A BASE F4E 2ol
ed, 2379 x7] $71 448 =3 I
A Y=FAs] @433 F4A93 zeg 3
7toll Jld@gn @foH6). olF TFTY Fie
WAL do] ¥ EBHgo AW P A |
A= A ok =Y vfgs ARG E dotny]
AT B Agd MYy 28L& A3 7
A Be A% MY 2P MAE Y Yo
"asge AHde AFolA 10 Gy nMFe|A
e YT myst J3e gA44E R
Y&t

FACS¥4 Z3o] ojs) 44 & 3198, Figure 4
AN 48UE ALY (quadrant)®] upper right%
& %o RPYME (CD4+, CD8+ THAHZF,
CDI9+ B WIF, CDlc+ FAFAZ)NA
Annexin V7I ¥4 MAX§ SE¢c gy o
A%E N4 4 29, BYUZTI TYZTo s
WAl Mol o R 2 £ G453 F2E
1, apoptosis?7t 2 Yoz 2APE ¢ F %
o} =¢ @] vF Ul X4 MEJ} apoptosis
slo} HhALA AL Al WY A FR YUY F
Fuz AZEoAY, ¢ Ao 3dE T ¥
ZFuc BYZTsh $AMAel o ysce A
& B 4 ddedd), ¥ AR e A3
& 99U AU E APolME HFEAF
=AANAE ¥ F apoptosis FAE ¥ TUNEL
gz SPMEoiAE ol§¥ WARAIAE
3 vge] W VAU B YoM &

Aste A HANA & & A& Ao= 4%H

t},

B AYE S 4F HgMErt 34 Ao
2 U8 WA ZAl MZ g2 wgdge
AHAE & 5 AT ol AHE S WAE 24}
¥ Aolde AYAXe FHe ua} ¥ Wy
7149 wgol AAFY F ASE vy, AY
FA "WHEHA WAME wRALMzAl] g
apoptosis A7l A7 +-APRE ATYH &
AL Hoz @)
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