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Effects of rapamycin combined with cyclosporin A on mice with aplastic anemia
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combined with cyclosporine A (CsA) on the hematopoietic function and the levels of bone marrow vascular endothelial
growth factor ( VEGF) , thrombopoietin ( TPO) , and vascular cell adhesion molecule — 1 ( VCAM - 1) in aplastic
anemia mice by regulating the T — box transcription factor (T — bet) /interferon — gamma (IFN — ) signaling pathway.
Methods

model group (subcutaneously injected with 50 mg « kg ™' eyclophosphamide, once every other day for a total of 4 times

Female Kunming mice of pure line were randomly divided into control group ( without any treatment ),

meanwhile , inhaling 30 mg + L ™" toluene once a day for 8 consecutive days), CsA group (intraperitoneally injected
with 5 mg + kg ™' CsA on the basis of the model group) , RAP — L combined with CsA group (intraperitoneally injected
with 5 mg + kg ™' CsA and 0. 1 mg + kg ™' RAP on the basis of the model group) , RAP — M combined with CsA group
(intraperitoneally injected with 5 mg - kg ™' CsA and 0.5 mg - kg ™' RAP on the basis of the model group) , RAP — H
combined with CsA group (intraperitoneally injected with 5 mg + kg™' CsA and 1 mg - kg™' RAP on the basis of the
model group) , and RAP — H group (intraperitoneally injected with 1 mg + kg ™' RAP on the basis of the model group) ,
with 10 mice in each group. Except for the control group, the aplastic anemia model was established in the other
groups. A biochemical analyzer was used to detect the levels of peripheral blood red blood cells (RBC) , white blood
cells, hemoglobin and platelets. Hematoxylin — eosin staining was used to observe the bone marrow morphology and
conduct pathological injury scoring. The enzyme — linked immunosorbent assay method was used to detect the levels of

VEGF, VCAM - 1, TPO,

Immunohistochemistry was used to detect the expression of TPO. Real — time fluorescence quantitative polymerase chain

IFN - v and tumor necrosis factor — « in the bone marrow supernatant.

reaction and Western blotting were used to detect the messenger ribonucleic acid (mRNA) and protein expressions of
T — bet in bone marrow mononuclear cells. Results The RBC levels of the control group, model group, CsA group,
RAP — H combined with CsA group and RAP — H group were (8.48 =0.89) x 10", (2.14+0.25) x 10",
(3.54£0.54) x10"”, (6.12+0.74) x10"” and (3.26 +0.61) x 10" - L™, respectively; the pathological injury
scores were (0.20 £0.04), (2.50 £0.25), (1.10 £0.10), (1.00 £0.11) and (1.20 =£0.16) points,
respectively; the TPO levels were (195.48 +28.15), (145.81 +15.24), (169.76 £20.26), (190.54 +22.37)
and (165.52 +20.29) pg » mL ™", respectively; the VCAM —1 levels were (213.46 £32.33), (132.81 +21.94),
(185.49 £19.65), (204.19 +19.82) and (183.67 +20.87) ng - mL™'
(132.04 £18.10), (232.46 +25.29), (205.98 +21.26), (183.67 +20.20) and (209.05 £19.82) pg - mL ™",
respectively; the relative expression levels of T — bet mRNA were 1.00 + 0.10, 3.98 = 0.69, 2.18 + 0.21,
1.95 £0.20 and 2.24 = 0.23, respectively; the relative expression levels of T - bet protein were 1.00 + 0. 10,
2.46 £0.29, 1.98 £0.21, 1. 67 £0. 20 and 2. 01 +0. 22, respectively. When the above — mentioned indicators of the

model group were compared with those of the control group, the above — mentioned indicators of the CsA group, the

, respectively; the IFN — v levels were

RAP - H combined with CsA group, and the RAP — H group were compared with those of the model group, and the
above — mentioned indicators of the RAP — H combined with CsA group were compared with those of the CsA group and
the RAP — H group, all the differences were statistically significant (all P <0.05). Conclusion CsA combined with
RAP can significantly improve the hematopoietic function and cellular immune function of aplastic anemia model mice,
which may be related to increasing the levels of bone marrow TPO and VCAM -1 and regulating the T — bet/IFN -y
signaling pathway.
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XHER RAP FI CsA AT DL i 35 04038 T A B S- 1 2
N ERAM A I 5 KF-, H Y RAP Ay v 0] e i 240K
fE, Bt RAP - H B CsA #F1T/5 285550 .
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HE et 25 5L W oR 0 BEZH /D BCE- 8 A2 06 8K, 4%
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A,/ R R I ) A I 36 0 200 8 W S D,
KAFING T 40 M40 ; CsA 2 RAP - H 64 CsA 41
1 RAP — H 2 58020 LA, /0N BRUEr L AN () R
A 2 20 L2 14 22 N 7 A M sk /D i B4, WL 1
YRR 2L B4 | CsA 4. RAP — H Bt & CsA 41 f0
RAP-H 41 1y & 88 5 2 1 14 ¥F 2 4 5 A
(0.20+0.04 ), (2.50 £ 0.25), (1.10 = 0.10) ,
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Table 1 Comparison of peripheral blood levels in mice in each group (x *s)

Group n WBC( x10° - L") RBC( x10™ - L~1) HGB(g- L") PLT( x10° - L°1)
Control 10 7.36 £0.75 8.48 +0. 89 150. 64 £17.75 765. 98 +108. 75
Model 10 0.32£0.05*** 2.14+0.25%** 20.15+2.23* " * 76.35+7.62% " *
CsA 10 1.28 £0. 22" 3.54 0. 54" 46.23 4. 45" 132.21 +16. 15"

RAP - L. combined with CsA 10
RAP - M combined with CsA 10

1.43 +0. 25"
2.06 0. 313##AAADDD

3.93 +0. 460
4. 14 +0. 51###ADD

57.76 +6. 73#*AAA000 183,96 +3(. 6] *##4 44000
66. 54 +10. 65##AAA000 206, 23 +35. 75##AAA000

RAP — H combined with CsA 10 4.23 +(. 64**#A L4000

RAP -H 10

6.12 +0. 74###AAADDD 72.17 £11. 24###AAADDD 319. 56 +55. 32###AAADDD

1.47 £0. 22" 3.26 £0. 61" 38.33 £6. 94" 126. 35 +20. 58*#*

WBC: White blood cell; RBC: Red blood cell; HGB: Hemoglobin; PLT: Platelet; Control group: No treatment; Model group: An aplastic anemia model was

! and inhaling toluene at a concentration of 30 mg - L™"; CsA group: On

established by subcutaneously injecting cyclophosphamide at a dose of 50 mg + kg~
the basis of the model group, 5 mg + kg ! CsA; RAP — L combined with CsA group: On the basis of the model group, 5 mg + kg ™' CsA and 0. 1 mg + kg~
RAP; RAP - M combined with CsA group: On the basis of the model group, 5 mg - kg~ CsA and 0. 5 mg - kg ™' RAP; RAP — H combined with CsA group:
On the basis of the model group, 5 mg - kg™' CsA and 1 mg - kg ™' RAP; RAP — H group: On the basis of the model group, 1 mg + kg ~! RAP; Compared
with control group, * ** P <0.001; Compared with model group, **P <0.001; Compared with CsA group, P <0.05,%%* P <0.001; Compared with

RAP - H group, P <0.05,99P <0.001,755 P <0.001.
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Figure 1

RAP — HA1 1y TPO FHM: 3B 7KF4300 4 1. 00 0. 11,
0.42 +0.05.0. 64 +0.07 .0.75 +0. 08 F1 0. 66 0. 07,
BEAYLH 1) TPO B 23K 7K F- 15 %F BRAT L 45, CsA 4
RAP - H 4 CsA 41 f1 RAP - H 411 TPO FH: 3235
KO- SHA] e, RAP — H B4 CsA 4111 TPO [HE
FIRKT5 CsA 4 H#e , RAP — H BE4 CsA 411 TPO
Bk K5 RAP - H 4l A, TE S it 22 7
AR () P<0.05), 45 RILE 2,
4 RAP 1 CsA XEXBARBRERN/NREHEL
MMZLBHE T — bet 1 GATA3 mRNA FRiA7KF 1) #0
XFRRZ] BRI CsA 41 .RAP — H G CsA 41 A
RAP - H 21y T — ber mRNA HH X} &35 /K473 51l A
1.00 £0.10.3.98 £0.69 2. 18 +0.21 1. 95 +0. 20 F
2.24 + 0.23, GATA3 mRNA #f X} % ik 7K F 43 5
1.00 £0. 11.0. 34 +0. 04 .,0. 68 +0.07.0.77 +0. 08 F
0.61 +0.07, BRI Y FIRFEHR 5 X R L4, CsA
2 \RAP — H 545 CsA 4171 RAP — H 210 ikt hn S
WIZH LA, RAP — H BEG CsA 4 FiRTEFR S CsA 4H L
2, RAP - H G CsA 4119 Fiddstn5 RAP - H 41 HLAR,
G FERIAGEE L (3 P <0.05),
5 RAP 1 CsA BXAXBARBERAN/NREHEL
AN ZYARE T - bet #1 GATA3 B R XK ERIZN
XPHEZ] BEAIL]  CsA 4] \RAP - H B4 CsA 41
FIRAP — H 411 T - bet £ [ AH X} 18 7K - 4351 R

Bone marrow pathological morphology of mice in each group (hematoxylin — eosin staining, x 100)

A Control group; B: Model group; C: CsA group; D: RAP — H combined with CsA; E: RAP - H group.

R2 BAUMREREN B AR T (VEGE) (/MR R (TPO) RS ARG FTIN - — L(VCAM - 1) AK-P- [ LR (2 + 5)

Table 2 Comparison of hone marrow vascular endothelial growth factor ( VEGF), thrombopoietin (TPO) , vascular cell adhesion molecule — 1

(VCAM - 1) levels in mice in each group (x *s)

Group VEGF(pg - mL™!) TPO(pg - mL~") VCAM -1(ng - mL™!)
Control 284. 21 +40. 04 195. 48 +28. 15 213.46 +32.33
Model 252. 68 +35. 25 145.81 +15.24* * * 132.81 +21.94***
CsA 261.74 +26. 21 169. 76 +20. 26** 185. 49 +19. 65"
RAP - H combined with CsA 276. 05 +28. 24 190. 54 22, 37##40 204. 19 £ 19, g2##40
RAP -H 263.26 +27. 66 165. 52 £20.29* 183. 67 +20. 87

Dose and n refer to table 1;Compared with control group,

with CsA group, ®P <0.05; Compared with RAP — H group, U P <0. 05.

*** P <0.001; Compared with model group, *P <0.05, *#P <0.01, **P <0.001; Compared
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A - E refer to figure 1.

1.00 £0.10 2. 46 +0.29 .1.98 +0.21.1.67 +0.20 FI
2.01 £0.22, GATA3 2 [ A XF & 35 K F 43 5 4
1.00 £ 0.12,0.54 +0.07,0.71 = 0.08,0.82 = 0.09 A
0.69 +0.07, #iR1ZH B bR $5 b5 5 X B4 LE AL, CsA
2 RAP — H It4 CsA 41 F1 RAP — H 4111 iRT545 5
BRIZ L4, RAP — H B CsA 411 FiRFEFRE CsA
20 AL, RAP - H 864 CsA #H1Y kT8RS RAP - H
W, ERit¥ L ESHARIT¥E L (Y
P<0.01), L& 3,
6 RAP 71 CsA A X B AFER/RERM/NRBHEE
AN %R IFN — y 70 TNF - a RiEKFRI M

X PR BEFUL]  CsA 41 \RAP — H Bk 4 CsA 411
RAP - H 4 iy IFN - v £ ik K F 2 9 K
(132.04 £18.10) , (232.46 +25.29) . (205.98 + 21.26) .
(183.67 +20.20) F1(209.05 +19.82) pg + mL™",
TNF —o 3% 3K 7K °F 20 5 b (31.27 = 3.12),
(130.54 £20.07) . (11271 +12.08) . (99.82 = 10.09) FI
(110.69 £11.07)pg » mL~", HEHIL]H R HE bR %)
MR %, CsA 41 .RAP — H B4 CsA 41 F1 RAP - H
) ERFEPR SRR 8, RAP - H B CsA 411
FIRFEIRY CsA 41 H0AE , RAP - H B CsA 211 iR
8PS RAP - H HILEL, gt EERYA S E
Y (#P<0.05),

A B (& D E
Thet | — S G S— | 55 <D
GATA3 | WS S S A — D

e _ e

3 JHEFSTENEEAT I A 2/ BUB RS2 AN T & %%
ST (T - bet) Fll GATA 2558 1 3(GATA3) [ FRIAK T

Figure 3  Western blot detection of T — box expressed in T cells
(T -Dbet) and GATA binding protein 3 (GATA3) protein expres-
sion levels in bone marrow mononuclear cells of mice in each group

A - E refer to figure 1.
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