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Abstract; Objective To explore the mechanism of action by which icariin regulates the loss of immune tolerance to
immune thrombocytopenia (ITP) through the microRNA (miRNA) - 98 - 5p — mediated adenosine monophosphate —
activated protein kinase ( AMPK)/mammalian target of rapamycin ( mTOR)/Unc — 51 - like autophagy — activating
kinase 1 (ULK1) signaling pathway. Methods The ITP model was established by intraperitoneal injection of guinea
pig anti — mouse platelet serum into mice. Another 12 normal mice were taken as the control group. The mice with
successful modeling were divided into model group, the experimental —low group, the experimental — high group and
the positive drug group. The experimental — low and experimental — high groups and the positive drug group were
gavaged with 1.25, 5.00 mg - kg ' icariin and 9. 1 mg - kg~ prednisone acetate, respectively, after the mice were
modeled. The levels of platelets ( PLT) and hemoglobin ( Hb) were detected by automatic blood analyzer; the levels of
thrombopoietin ( TPO ) and inflammatory factors were detected by enzyme - linked immunosorbent assay;
the pathological damage of spleen tissue was detected by hematoxylin — eosin staining; megakaryocytes were observed
with sternum bone marrow smears; the relative expression level of miRNA — 98 — 5p was detected by real — time
fluorescence quantitative polymerase chain reaction; and the protein relative expression levels of the AMPK/mTOR/
ULK1 signaling pathway was detected by Western blotting. Results The PLT levels in control group, model group,
experimental — low group, experimental —high group and positive drug group were (1 504.56 £166.99), (752.68 £80.33),
(862.95 £98.33), (1212.35+134.23) and (1 363.23 +155.33) x10 - L™', respectively; the Hb levels were
(151.33 £18.96), (124.11 +13.56), (138.32 +14.02), (145.33 +£16.88) and (149.22 +16.02) g - L',
respectively; the TPO levels were (12.05 +1.33), (5.86 +0.78), (6.62 +0.96), (7.85 £0.92) and
(9.66 +0.89) pg - mL™', respectively; the levels of interleukin — 6 (IL — 6) were (18.96 = 2.33),
(44.33 £5.39), (39.25 +4.46), (32.32 +4.33) and (22.98 +£3.78) ng - L', respectively; the levels of
IL - 10 were (42.15 +6.48), (23.12+£3.56), (26.89 £3.99), (31.02 +4.65) and (33.66 +4.86) ng - L',
respectively; the levels of tumor necrosis factor — oo ( TNF — o) were (31.02 £ 4.65), (77.36 = 8.98),
(67.65 £7.88), (60.52 +7.34) and (40.56 £5.99) ng « L™, respectively; the levels of interferon — gamma
(IFN —) were (4.33+0.68), (8.33+0.96), (7.35+0.89), (6.02 +0.81) and (5.86+0.75) ng - L',
respectively; the relative expression levels of miRNA — 98 — 5p were 1.00 + 0.16, 1.78 £0.21, 1.51 = 0. 18,
1.22 +0. 16 and 1. 15 £0. 15, respectively; the relative expression levels of phosphorylated (p) — AMPK/AMPK were
1.00 £0.14, 1.81 £0.28, 1.60 £0. 19, 1.31 0. 16 and 1. 25 £0. 21, respectively; the relative expression levels of
p —mTOR/B — actin were 1. 00 +0. 16, 0.48 £0.07, 0.59 +£0.09, 0.79 +0. 12 and 0. 82 £0. 14, respectively; the
relative expression levels of p — ULK1/f — actin were 1.00 +0.15, 0.42 +0.06, 0.53 £0.09, 0.89 +0.14 and
0.93 £0. 16, respectively. There were statistically significant differences when comparing the above indicators of model
group with those of control group, and also when comparing the above indicators of the experimental — low,
experimental — high groups and positive drug group with those of model group (P <0.05,P <0.01,P <0.001).
Conclusion Icariin regulates the loss of immune tolerance in rats with ITP, inhibits autophagy, and thus elevates
platelet levels by down — regulating the expression of miRNA - 98 — 5p and modulating the AMPK/mTOR/ULK1
signaling pathway.

Key words: icariin; immune thrombocytopenia; loss of immune tolerance; microRNA — 98 - 5p; adenosine
monophosphate — activated protein kinase/mammalian target of rapamycin/unc —51 —like autophagy — activating kinase 1

signaling pathway ; autophagy
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IR 58 A A 50, MEA : B 10 mL, #it 5. 457078
BEERIL JE PR, MEAS . B 1 g, 402 98.74% , it 5
101239, #J 1 55 [E| MedChemExpress 2 742 7= THLER —
(interferon — gamma, IFN — ) | Ifil /N #g 4= Bl &
( thrombopoietin, TPO ) | fif 83 35 4E B F - o ( tumor
necrosis factor —alpha, TNF — ) . [ 40}/ Z (Interleukin ,
IL) —10 FI IL — 6 5 5 725 W Ff S5 56 ( enzyme — linked
immunosorbent assay, ELISA ) {7 &, i _F iRl 3 1#
AW s w7 W R #h 22 v ( phosphate buffered
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i AR AR A vl At
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BHE 2 w7 il 5 Axioscope 5 5625 i il B, 18 [ 4% @] 24
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A BRI BRI /MR 7 ( guinea pig anti — mouse
platelet serum, APS) il %5 : % F§ 20 2 BALB/c /M ERL,
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SHRE A, Ll s, fESREA 0 w k& A
R R P E N KR 2% F LT,
HEAFERDY 1 mL, T 1.2.4 w, 7050 & A 31 [RS8
SAEFIPUIR, $ HR 555 0 w AR A1 5 3B AL L 50 %
R N AT o ESE S w i RO IR I,
BLOJE UL , 4% APS,

ITP &AL K5 APS HCH Rl Ak in A AR 3R 7K H o o
FECEEE 0.1.3.5.7.9. 11 13 d, L EiRH B G 1
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W, 7 /MR TR 2R AE TARACE , WAy s A Al 2
2.2 S BESRIERE

H5R 4y 60 H SPF 2% BALB/c /MU 23 JZ B AL
L0 s UL, SEH I o D MERE 2 )R B
WEEBLSY N S 4, f2H 12 H L PRIE R MERE S 6 H,
2 ) 1 A 5 4 3 g o BRAL/N R S F 0,13
5.7.9 1113 d Ji& Ji s 0 25 5 AR BEh UK, BB S H 55
ALK AR IR ES: 2 wi R IR 2. 17 )
LT ITP 3 BEARAT , 3 A5 ) ) o S 55 2R PR
IKGEER TR JEEE 2w ARG i S 30 4 O i A s /)N B
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SN LA 3 500 ¢+ min ™' B0 15 min, 23 B M5 5,
FERE B ELISA i3t 77 & Ul B A5 2 SR R I i v
IL - 10 . TPO IL - 6 .IFN — y Fl TNF — o 7K,

2.4 HE $:&%00/NRMERRKERGY

4/ NERALFE S5 UM 2, 22 B K (i B 1 e
J& , VIR AL A S Y] 7 (JBEBE S wm) |, A 8580 1 i
I KBS TR ARG 2 min, JK ohk, 3 ERPRT
A, PRI AL 8 1 min J5 B S BEOK AL BE
THSGEN], R B R, OGS A LS R
ZH LU FLAS
2.5 MIBEMERAENZEZKMRE"

B/ INEURRTR F , 35 2 0 B il SO BB, Tl 48 S B
WEWR R, G QY kT e e, 1T 10 1% 0 sl e #0 B
BEALFOER , WL 0 S HE L 7 AR L BORE B % 4t A O i
T dats.

226 qRT -PCR FHMEANRBEAR
miRNA -98 - 5p 3Rk K E

/N YIE, BT R RNA SREGAFI IR S,
FEMUASZE RNA L 1% qRT - PCR G @ B A5 i 7 ik
4T PCR [N, 2 A3 : A8 1 94 °C 10 min, A8 14
94 °C 30 s, 3Bk 58 °C 30 s,35 ANFIF, LA 72 C
325, Lh U6 NS, T 27 5k b 47 4 #r
A mIiRNA - 98 - 5p AHXFFRIKAKF-o 5IMFHAE
miRNA -98 —=5p [ % 51 #: 5' - ACACTCCCTATA-
CAACTTAC -3', Fi#5|47:5" — GGGAAAGTAGTGAG-

GCCTCAGA -3";U6 Ei#5]9:5" - AGAGCCTGTGGT-
GTCCG -3', Fiif514:5" — CATCTTCAAAGCACTTC-
CCT -3",

2.7 FEHEIBEEN AMPK/mTOR/ULK1 {5 5i1&
wEARE"

YR/ IN UL 21, AV 2 A Ak 3L, v 0 5 0
ETE PRI I E S R . R N T M
JEEHL VK2 o3 B AR 1, e B B SR A — R S0 B L, iR
2434 1 h J5, i A p — AMPK/AMPK , p - mTOR/
B —actin fl p — ULK1/B —actin — $it ( #i B¢ & ¥4 K
1:1000) .4 CTREOGEREE, KH, A =4
(FRBEEEHA 1:5000) , 5 R 7E G (A4 K EIFE 1 h, 1%
JEE3 U, LA R AL 22 oOiaUn) 6, FHEEIE R A .
4, 1 Tmage J #4570 8 19 4500 IR BEH. A58
U 3 YOS AR A R WP R 3 IR
BAREE AL KAV FHEN 2 5,

3 FZitEsE

F SPSS 26. 0 #4751 0 b, LA & =5 Fonit
HEPORE, 2 A LU B IS AEAS ¢ K3, 22 4 [A) B AR L
B 2 7 22531 (One — way ANOVA)

# R

1 EFEEX ITP /NRIMNE M/MMEAI MM

Xof BRI 750 2 VB S A o AR AR K IR R R
S 20 RN B Pk 25 A 4 A AE /N BROE R S E 1,25,
5.00 mg - kg PR X 9.1 mg - kg™ BEERIRSEAR

42 A SR 53 TR ELISA JEAGI 57 < 5 00 B4
FHEE, BB 4] 9 PLT, Hb 1 TPO /K V-3 & 3 F %
(P <0.001 ) ; SR ZH A b, IG5 700 5 560 0 A1 BH 4 245
4% Hb  PLT 1 TPO /K-F- % & 2% FF+ (P <0.05,
P<0.01,P<0.001), 31,

F1 A4/DRUL/MR(PLT) (MZLEE F (Hb) FHL/MRAE LR (TPO) ZKFAY FLEL (2 £55)
Table 1 Comparison of platelet( PLT) , hemoglobin( Hb) and thrombopoietin( TPO) levels in mice of each group(x +s)

Group n PLT( x10° - L™!) Hb(g- L") TPO(pg - mL™")

Control 12 1 504. 56 +166. 99 151.33 +18. 96 12.05 +1.33

Model 12 752.68 +80.33* * * 124.11 £13.56* * * 5.86+0.78* * *
Experimental — low 12 862.95 +98.33 % * *# 138.32 £14, 02 * ** 6.62£0.96* **
Experimental — high 12 1212.35 +£134,23 " * *#¥AL4 145.33 £16. 88 * * *#4 7.85 £0.92 % ¥ *HHEALL
Positive drug 12 1 363.23 £ 155, 33*#A 004 149.22 £16. 02***AAA 9.66 +0. 89 * * *HHALLAAA

Control and model group: Injected an equal volume of normal saline; Experimental — low group: Gavaged 1.25 mg - kg ™! icariin; Experimental — high group:

Gavaged 5.0 mg « kg ™! icariin; Positive drug group: Gavaged 9.1 mg - kg™

prednisone acetate tablets; Compared with control group,

*rrP <0.001;

Compared with model group, *P <0.05, P <0.01, * P <0.001; Compared with experimental — low group, %P <0.05,2%% P <0.001; Compared with

experimental — high group, 4P <0.05,444 P <0.001.
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SRR L AR L, G e AR A S0 g 2 R PH P 24 2 Y
L0 M A B4 W E TR R (P <0.05,P <0.01,
P<0.001), %2,
3 EFEENEITP MRIAEKTE

ELISA 7R : 5% B A L, SRR 41 ) TNF - o
IL -6 FIIFN -y /K P38 2 B F IL - 10 /K- 2 R
R (3 P <0.001) ; S5AE I AH HE, G e 7 S 36 2
FIBHPEZG ALY TNF — o JIL -6 I IFN — y /K- 34 i 2%
FRE,IL - 10 K% EFH(P <0.05,P <0.001),
W3,
4 EXFEEFNHESESEEZABAIMN

o B TR R W AR B R A0 R - 5 0 B
AH EE, AR 2H o 5 G 4 FE B A 40 M B ) 0 2

2, 7 M B AN B ) 3 /0 (3 P < 0..001)
WKL B A% FAR AL B L e S it 2% 22 R 1y
TGttt = E X (B P>0.05) ; SEEARAA L, K.
o 791 S 2 A B 25 40 1) D RN 4 FE A 4 e
Eb B 24 4 T B, 7 Al B AN MY LR ) 2 R
(P<0.05,P<0.001), Ok B A% A1 #- 4% B 4% 40
MTPESG it L EZRBH LRI E X (Y
P>0.05), L% 4,
5 EFXEEEXITP /INRIEAL S miRNA -98 - 5p
KEHIR M

qRT — PCR 7R« %o RRZH BEAZH IR S 5L g0 2

F2 AU/ RE O LR (& £ 5)
Table 2

Comparison of spleen and thymus indices in mice of

each group(x +5)

Group n Spleen index Thymus index
Control 12 4.11 £0. 66 2.75+0.33
Model 12 9.12+1.55**" 3.85+0.46" "

7.56 £0.78 * * *#
6.33 £0.70* * *##AL

4.66 +0. 59**ALLAAL

3.42 +0.45* * **
3,11 £, 42 *##4
3.19 £0. 5] *##A

Experimental - low 12
Experimental — high 12

Positive drug 12

Compared with control group, * P <0.05, *** P <0.001; Compared with
model group, *P < 0.05, ¥P <0.01, P <0.001; Compared with
experimental — low group, P <0.05, 24P <0.01, #2%4P <0.001;

Compared with experimental — high group, 444 P <0. 001.

R3/NBULTE T A FE (L) -6 1L - 10 JEHRIER T - a( TNF - o) FIFHE - y(IFN - y) K- LA (ng - mL™" x +5)

Table 3 Comparison of the levels of interleukin (IL) — 6, IL — 10, tumor necrosis factor — alpha ( TNF — o) and interferon — gamma

(IFN —+) in mouse serum(ng » mL ™" % %)

Group n IL-6 IL -10 TNF - IFN -y

Control 12 18.96 £2.33 42,15 £6. 48 31.02 +4. 65 4.33 +0. 68

Model 12 44.33 £5.39% % * 23.12+3.56* * 77.36 +8.98* * * 8.33+0.96%**
Experimental — low 12 39.25 £4.46" * ** 26.89 £3,99 * * *# 67.65 +7.88 " * ** 7.35£0.89" % *#
Experimental — high 12 32.32 +4, 33 ¥ 1AL 31.02 £4. 65 * * *###A 60.52 +7.34 % * *#HA 6.02 £0. 81 * * *#HAA
Positive drug 12 22.98 +3, 78*HLLAAAA 33 66 14 g6t F HHHALA 40 56 +5 99 * *HHALLAAAA 5 g6 4 () 75 % F FHHALLA

Compared with control group, *** P <0.001; Compared with model group, *P <0. 05, **P <0. 001 ; Compared with experimental — low group, %P <0. 05,
L8P <0.01, 222 P <0.001; Compared with experimental — high, 4 P <0.05,444 P <0.001.

Control Model

B 1 HIRAR - AL (HE) e @ik M4 41/ BRUIMZHZL( % 50)

Figure 1

Experimental-low

Experimental-high

Spleen tissues in mice of each group observed by hematexylin — eosin( HE) staining( x50)
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Fe  ARRUZH 1) miRNA =98 = 5p FHX BRI
(P<0.05) ; 5HAAIAH L, 1K | e 751 2 S 6 41 F0 BH
4 miRNA - 98 — 5p AH X 3R E K3 8 2 F F%
(# P <0.05),
6 EEFEIFX ITP NEPEH LA h AMPK/mTOR/
ULK1 5 S@EEXEARIEN N
BBk R 5 B b, B A AL Y
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Figure 2  The relative expression levels of proteins related to the
adenosine monophosphate — activated protein kinase ( AMPK )/
mammalian target of rapamycin ( mTOR )/ unc - 51 - like

autophagy — activating kinase 1 (ULK1) signaling pathway detected
by Western blotting

Table 4 Comparison of megakaryocytes in the sternal bone marrow of mice in each group(% ,x +s)

Primitive and immature

Platelet — producing

Bare — nucleus

Group n Granular megakaryocytes

megakaryocytes megakaryocytes megakaryocytes
Control 12 27.99 +3. 86 25.88 £3.65 40.85 +£6.85 5.28 +0. 88
Model 12 40.65 £5.96" " * 9.68£1.51* "~ 44.75 £7. 65 4.92 £0.82
Experimental — low 12 35.68 £4.89* * *# 14.25 1,95 **# 44.98 +6.98 5.09 £0.91
Experimental — high 12 30. 63 +4. 45%HAA 21.92 £2, 86*HALA 42.55£7.05 4.90 +0.76
Positive drug 12 28.95 £3, 97*#ALLA 22.56 £3, 22*#ALL 43.88 £7.78 4.61 £0.70

Compared with control group, ***P < 0.001; Compared with model group, *P < 0.05, P < 0.001; Compared with experimental — low group,

48P <0.01, 222 P <0.001; Compared with experimental — high, 4 P <0. 05.

£5  S4UNRIRLLLU AMPK/mTOR/ULK 5 S5 B 28 PR K T 19 LA (5 + 5)
Table 5 Comparison of the relative expression levels of AMPK/mTOR/ULKI signaling pathway proteins in the spleen tissues of mice in

each group (x +5)

Group n p - AMPK/AMPK p —mTOR/B — actin p — ULK1/B - actin
Control 12 1.00 +0. 14 1.00 +0. 16 1.00 +0. 15

Model 12 1.81+0.28*** 0.48 £0.07**~ 0.42 £0.06* * *
Experimental — low 12 1.60 +0.19 * * *# 0.59 £0.09 * * *# 0.53+0.09" * *#
Experimental — high 12 1.31 0. 16"#AA 0.79 £0. 12184 0.89 +0. 14###AAA
Positive drug 12 1.25 (. 21##ALL 0.82 0. 14*#AAA 0.93 0. 16"#L44

Compared with control group, *** P <0.001; Compared with model group, *P <0.05, #¥P <0.01, * P <0.001; Compared with experimental — low

group, 22 P <0.01, 22%P <0.001.
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