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[ Abstract]  Objective
Gy y-ray total body irradiation (TBI) in C57BL/6 J mice. Methods

To observe the changes in hematopoietic and immune function at 6 months post 4 Gy or 6
C57BL/6 J mice of 8 —12 weeks of age were
irradiated with 4 Gy or 6 Gy TBI. At 6 months after irradiation exposure, the peripheral blood cell count and classification,
immune organ coefficient, immune phenotyping of the peripheral blood and spleen cells, and expression level of splenic T
cell p16 were detected. Results Six months after irradiation exposure, the peripheral blood leukocyte and red blood cell
count in the mice exposed to TBI remained significantly lower than those in the control group. There was no significant
difference in the count of platelets in the irradiated mice compared to the control group. The result of the peripheral blood
cell classification showed that the proportion of neutrophils in the irradiated mice group increased and the proportion of
lymphocytes decreased, indicating a skew in blood cell differentiation. Compared with the control group, the thymus
coefficient in the irradiated mice was significantly decreased at 6months post 6 Gy TBI ( P<0. 05). There was no significant
difference in the spleen coefficient. Phenotyping of the peripheral blood cells was performed by flow cytometry. The result
showed that the proportion of B lymphocytes and NK cells in the irradiated mice remained lower than those in the control
group, while the proportion of CD4 lymphocytes in the irradiated group was higher than that in the control group. There was
no significant difference between CD8 lymphocytes and monocyte levels in the irradiated group compared with the control
group. The proportion of B220 cells was clearly decreased in the irradiated mice compared with the control group based on
the splenic immune phenotyping assay (P<0.01). Compared with the control group, the expression of p16 in the splenic T
cells of the 6 Gy TBI mice was increased but not significantly (P> 0.05). Conclusions Hematopoietic immune
phenotyping indicated the recovery at 6 months after the sublethal dose of TBI but the neutrophils in the peripheral blood
increased, and the thymus coefficient and the proportion of B lymphocytes in the peripheral blood and

continued to be

spleen were still lower than those in the control group, suggesting a long-term injury. These experimental result provide

basic data for the study of total body irradiation-induced long-term injury of hematopoietic immune function.

[ Keywords)

mouse

BEE BL A R W HE 20 i B il 36 2, A
FERAZ G BN BE 1 $2 (01 4 S 2 5 A AT BE P AS B 1
I 53 A R 52 5 1 I8 7 i R AR U TR W
BT, 3 AR GE RN G R GE R HL B AR S (onizing
radiation , IR ) B /& B A UM, 2 IS MU & 5]
SR BRI R X S A il A 2 AT R

52 B EAE ) S IR IS 2 th i i S R 4
SRR AR AL, B A R A K AL 2 I A g2 4
PR ARG (HARL 25 ) 30— SERe APk el 28, DATHT 52
M AL (R RRCR S, AR SCRTAE 4 Gy (6 Gy W EFE
iw v BT 44 B BB (total body irradiation, TBI) J5 6
A CSTBL/6 J /N A5 TSR BE 48 s BEAT AN , DA
WR S i 32 1 B 28 2 RE R A5 15 T 5 S AH Bt 5l

1 #erE

1.1 Sz
10~ 12 J& % SPF 2 et CSTBL/6 J /N, IR

sublethal irradiation; long-term; peripheral blood cell count; immune organ; immunophenotyping;

22~24 g k24 H T AL A B A YR e A
BRZANF] [ SCXK (1) 2014-0004 1, /NS T b
B2 B 2% B il 5 BE 2% 0 58 T 2h W s R R A B
[SYXK(#)2014-0002 ], A< 5256 283 v [ & 2 )
2FE ST B 2= W 5T T TACUC 1 it o, 4t 5
1402, JF AR 4 3R 5 U)X 52 56 50 ) 1) e A0 1) 5 2
T NIBE M,
1.2 FERNSH

FEEFRIC PR NK1. 1-FITC g T Biolegend 2%
i ; CD11b-APC 4 F Invitrogen 23 H]; B220-percp .
F4/80-PE . CD4-PE-cy7 . CD8a-APC-cy7 4 F BD /&
F 3 B220-percp-cy5. 5, CD3-APC 4 T Biolegend 2%
H]; EDTA-K, W4 F Sigma 2\ w5 21 40 Jifd 24 fiff v W
Invitrogen 7 F 3 A BRI A 42 1B o 125 v 150 48 0
TEERNHA, EasySepTM Mouse T Cell Isolation Kit
14T STEMCELL Technologies 23 &), 4 F 3 il #& 23
Fril MEK-7222 K( HASEHL) ;BD Ji 2 #r{ (BD



52 rh [ L BE A4 A7 2019 4 11 145 29 %45 113 Chin J Comp Med, November 2019, Vol. 29, No. 11

FACSAria 11 cell sorter, BD Bioscience ) ; £ 54 5 5
28R IR AL ( Gammacell-40 , & KIEFHEA RAF]) o
1.3 EWH*E
1.3.1 h¥ordl 5 Rt

JINEUBENL A3 R %) B ( control ) 2H (4 Gy IR ZH A1 6
Gy IR 21, MRASIZHAEZ " Coy Bk — W4 5 M)
4 Gy o 6 Gy, F &% 1Gy/min, X 84 232 &
HES
1.3.2  ANEIMmAIE O 52

W/ NRAREE, 0. 5% I T L 2400 B8 M 1 5 R e
(50 mg/kg) o HEAT LR BRI, EDTA-K, $TEE,
i 20 AT s AR IO 25
1.3.3  HyiEas 25

ANERFREE IS, 43 500 BB B Fn L O PR, I SR
TN R R BN R, EAs R A= Eds i
(mg)//NEUATE (g) 27,
134 i i G52 40 i A ASLIAR £ 40 i o RS DU

HE 53 B 1 /0N BROMBLAR 5 o] 5 JL 200 L8, 3 il
HCAI ) i 0 40 B T 50 WL, &A1 mL 1xZL40
NS, IR A T 246 8 min (WA AIHIR) ,
1500 t/min &0 5 min,4°C , FF-& L BRI
A 100 pl. PBS E&, 435I A B TR A Bridk, vk
G E 30 min, 2 mL PBS YE—ii , B0 S5 R
FEAE A 300 wL PBS EEIFIEE R A, b
BUR
1.3.5 BT 4M0 5325 M pl6 mRNA Fik Al

e & 3K E ficoll X F & M STEMCELL
Technologies 1 T 4 Mg B3 12X 77 & 150 B 5 7 vk AT
Oy ES . WG WRCAE () AN B R, 1 1x 10°~5 x
10° NI 1 mL TRIzol fR£4F, 2% & b iERK 5 A=
Y2 F R A BR A R pl6 mRNA ik &,
1.4 FitFEHZE

K H GraphPad Prism 6 ZX{FAb#REHE 1ER it
VORI FHE Y B Ar i 22 (& =5 ) Fom, 4] 22
SR M ANOVA K56 F-R ks, A P<0.05 R 2
SAGIHEX,

2 #R

2.1 SMEAMTEESZE

SMEIM RS R E 1, SXF A A, 52 S
6 A~ /INBR T A H 3T 0 40 e ORI il 2T 8 1k
JEXA —E RN T, Hrb 4 Gy 4 5% FZ4A
Fo, AT 8. 62 + 1.52 FIEF] 7.01 + 0.8,

THET 18.65%(P<0.001) . £T40MMI3T%0M 8.99 =+
0.36 T R3] 8.56 + 0.33, F[& T 4.70% (P <
0.05) . IM£LER AN/ MR 2H 22 5 %A Bk

6 Gy Mt 6 4~ A Ja, 54 4L M E , (A 40 it
BN 8.62 + 1.52 NREF] 5.94 + 0.83, FRET
31.00% (P<0.001) , ZL40AIHH%0t M 8. 99 + 0.36
T R3] 8.33+0.26, FIET 7.27% (P<0.001) , Il
CLRMHWEE,6 Gy A LL X ARZH M 123.13 = 5.51
B3 113.75 = 2.71, FRE T 7.55%( P<0.001) . il
IR B 6 Gy 4L AN X REZH AR He oA U 5 2 1 225 5
Al LAF H LN B A DK A2 3 1E 7 7K SF, DL IR
1A~1D,

4 Gy 56 Gy WAL L & B0, HA AT & H ik
JEIXTRIEFRIE 4 Gy Fl 6 Gy Z [l 4 I W ARG, 5L 4%
WEM2ER (P<0.01) /25 5. 04% , SN LTS
TG 35 TC 1T i MO, 45 LA bR Y Pk & B O

rR PRI AN 43 L 4 Gy 16 Gy dIAREE FXF iR
HAHE LI, 25N (8.3 £ 1.09)% L Ft %I
(15.46 + 1.94) % ( P<0.001) F1(16.87 + 6.89)%
(P<0.05) . WREUAPIE 53 LA (90.95 £ 1.9)%
3] (85.29 + 3.19)% (P <0.01) il (82.75 =
7.06) % (P<0.05) , 75 il ELAT B S 25 1 i 35
JLE 1E~1F,

N NS 108 A & e S SR T N @ |
wHEHRE 6 ™A AR M R E AR R
WEH R AN 2020 BT BT AR B AKX R
2, R A A RS TR AR Y R A AR A I
21t 4324 445 S 4 7 R S 2 /0N B P ke 20 S L 451
B AR Ee ] R B, SR IR AN Tk IR RS B4, R
UL B B A R BN S AR
2.2 RRBHESRRH

X BRLH/INERAH LG 4 Gy AT 6 Gy 2H /)N U i
ZBEAE, b 6 Gy 45X IR 22 7 of I 1 (P<
0.05) ; M R Ems A 34 n, 2= 50 F M, 45 R W
K2,

2.3 SMEAMEESSE

AN 2R FH 3 2 BT vk R AT 4 B A A
HHEL T ML (CD4) AHAEHEE T MM (CD8a) (B kY
YA (B220) . F SRR A7 40 L (NK L. 1), BUA% 20 i >R
JH F4/80 F1 CD11b b, HrhAdidh T 400 40 M35
T LR B bk 0 248 2 DABR A% 20 R A 25 534
NK 2 Jf 5 A 240 2 DA P A L 2 2, &l 3



op [ L BE 2R 4k 2019 4F 11 %5 29 %55 113 Chin J Comp Med, November 2019, Vol. 29, No. 11 53

A 154
EE 2
EE S
2 104
LB
oa
=3 s
0- .
Q
4‘"\&@\ b‘@\ be%
Co ™ )
C e
150
H %
a5 1004
i b
53
== 504
0- T
& Fs 6\‘%“%
P X es? o
§ RS i
CO
*
E 25+

F PR 4T R E 43 B (%)
Neutrophil percentage

Q
&:’ °2§ 6\& @QQ 0@ @QQ
&> @\ > Cg\% © Qﬁ%
§ ™ ©

O

Faxciifiiok
RBC(10"/L)

PLT(10%L)

1R

EEd

-
=
=3

w©
<
L

[
<
L

WAL 43 T (%)
£

Lymphocyte percentage

52
<
1

<
1

TE: A FUANM L B LA C L 203 R 5 D L/ SO B PR AR 7 23 bE s P ik AR e ke,

P<0.05, ™ P<0.01, ™ P<0. 001,

B 2R/ IR /N A AR

Note. A, White blood cell count. B, Red blood cell count. C, Hemoglobin concentration. D, Platelet count. E, Neutrophil

percentage. F, Lymphocyte percentage. * P< 0.05, ™ P< 0.01, " P< 0.001.

Figure 1 Comparison of the peripheral blood counts between irradiated mice and control mice
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Figure 2 Comparison of the organ coefficient between irradiated mice and control mice
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Figure 3 Representative gating strategy used for the peripheral blood immune cell phenotypes analyzed by flow cytometry

FAEX A, B A = AN A =2 1) R AL 3 B 2%
o BRWIE 4,

A1 JE i 20 B G 5 A B A5 R R, 4 Gy 6 Gy FR
)5, B WRELAHAE NK U SRR T X B4, $R 32
W6 A KRR, Z I CD4 il TXf
HRZH, CD8 FAZ 40 5 % FRZH R W22 5%

2.4 PEREpas B

SRR A0 AR 43 Ay g rb T 42 (CD3) #1 B
IR L A L ( B220)) 7 L BN A2 40 M 53 B v o Ll AR
b, WE s Ui,

ER R AT R IR A, BG4 CD3 T 4l e A

LIS BTC R 2 . B220 4 iE, IS4
YA W R 4 Gy 41H0 6 Gy AR TXF B2 A W
BEER(P<0.01), Al Z R AR NHBZES, W
K6,
2.5 f2 T 4088 p16 mRNA RiZE/&N

R T 1 — 2 5 BRI T /0 B A 93 40 ) A
S, o3 B/ N T 40, AT RT-PCR A6l BEURH S 6
ASA BT 408 p16 mRNA Fk , 460 45 5 i b
WERRZRAZRLL 274 U T A, R o, S X R4
HLE,6 Gy 414 4 B1EdE pl6 mRNA Bl & T+ &, ok
FHR TR R O 2 2 5, 455 LA 7,



op [ L BE 2R 4k 2019 4F 11 %5 29 %55 113 Chin J Comp Med, November 2019, Vol. 29, No. 11 55

20
0 =
\% §Q %&' OQQ )\g? OQQ
& < &
N & W $ 8
& & &
N » ©
S
E 81
s IS F
& $ N S
B S & .8
&8 &
¢ > s

D
g<
F 2.04 .
1.5+
_l_
x®
[a)
9
<
a
&)
T
Q
& Fs Fs
K & o8
%S\& b‘eﬁ &
& ™ ©

7¥:A:CD4";B:CD8" ;C:B220" ;D:NKI. 1" ;E;CD11b*F4/80" ;F:CD4*/CD8* . * P<0.05, ** P<0.01, *** P<0. 001,
B4 BAR/N RS AR RN S 40 2 2 LA

Note. A, CD4*. B,CD8*. C,B220*. D,NK1. 1*. E,CD11b*F4/80*. F,CD4*/CD8". * P<0.05, ™ P<0.01, ™ P<0. 001.

Figure 4 Comparison of peripheral blood immune cell typing between the irradiated mice and control mice

3 ahg

AT FE xSV 350 58 59 2 F S o G 4 B G X
/INERIE IR G0 A g R 40 G s, S X
MRZH L S5 R R /NERAZ 8] 4 Gy 5L 6 Gy & F |
56 A~ A UG, AN E L A0 2040 M T 0R I 2T
AR BE AT I T 0 B T R S 2 /0N B e s 44
JH B v 90k EEL A0 B ) L IR ARG, B R A2 B R O
Jei 5 B EL A A0 i A0 B ATS SR A T AR OK

- T RE FEWUARIT S TR, AP E I 532 B i ek
AR BRI T MR RS G, (HERR T I & A
48,6 Gy 415 4 Gy 22 F A G242, BEWITE
et KRR, 41 ) I A 4 2 40 L 9] E 269
LN/

/I ERUMG AT P 5 4 S 1 A R FE B A2 IR 6
OGN ) E ¢ REER /S E DN ¥ GO R
FRERHE WL 22 B0 A0 ) A 4 G (25 22 93, 0 ot
G Rg sy Rl vh | BREF L /INEL CD4™ 41 G B2 40 i T



56

[ AR BE 2 2k 2019 4F 11 A58 29 556 11 )

SSC-A

A05 A2 A05 A2 AO05 A2
Gate:[No Gati : :
186,098 ate:[No Gating] 0 Gate:P1 Gate:P1
T 300
200.000
1 P £ 200
23.3% E 200
A @) T
100000 [ =7} kY ™
Egiey 100 ,
e L
0+ =t ; 0
0 1 000 000 2560 301 10" 10> 10° 10* 10° 10° 1072 10" 102 10° 10* 10° 10° 1072
FSC-A FL3-A FL4

Chin J Comp Med, November 2019, Vol. 29,No. 11

B 5 b A B Mo A
Figure 5 Representative gating strategy used for spleen immune cell phenotypes analyzed by flow cytometry
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Figure 6 Comparison of spleen immune cell phenotyping between the irradiated mice and control mice
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