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Abstract

BACKGROUND: Previous studies have shown that Huosui Formula has a synergistic effect on the immune and hematopoietic regulation of patients with

myelodysplastic syndrome, but the specific mechanism is not yet clear.

OBJECTIVE: To explore the effect and mechanism of Huosui Formula on bone marrow hematopoiesis in rats with myelodysplastic syndrome.

METHODS: A total of 70 SD rats were randomly divided into a normal control group (n=10), a model group (n=15), a western medicine group (n=15), a low-
dose Huosui Formula group (n=15), and a high-dose Huosui Formula group (n=15). Except for the normal control group, the other four groups were injected
with dimethylbenzanthracene via the tail vein to induce the establishment of rat myelodysplastic syndrome models. After modeling, the normal control group
and the model group were given normal saline; the western medicine group was given thalidomide capsules 10 mg/kg and retinoic acid tablets 4 mg/kg,

and the low-dose Huosui Formula group and the high-dose Huosui Formula group were given 1.5 and 6 g/kg Huosui Formula, respectively, by intragastric
administration once a day for 28 consecutive days. Peripheral blood and femoral bone marrow tissue were collected to detect peripheral blood routine and
bone marrow biopsy hematopoietic proliferation. Flow cytometry was used to detect T lymphocyte subsets and the expression of CTLA-4 and PD-1 on T

lymphocytes.

RESULTS AND CONCLUSION: (1) Compared with the normal control group, peripheral blood leukocyte, neutrophil, hemoglobin, platelet, and CD4", CD4"/CD8"
levels were decreased in the model group significantly (P < 0.05), while CD4'PD-1", CD8'PD-1", CD4'CTLA-4", and CD8'CTLA-4" expressions were significantly
upregulated (P < 0.05). (2) In all dosage groups, myelopoietic proliferation was increased compared with the model group, with no significant difference
between the groups (P> 0.05). (3) Compared with the model group, leukocytes, hemoglobin, platelets, and CD4", CD4"/CD8" were significantly elevated in the
high-dose Huosui Formula group (P < 0.05), the expression of CD8" was significantly lower (P < 0.05), and the levels of CD4*PD-1%, CD8'PD-1", CD4'CTLA-4",

and CD8'CTLA-4" were down-regulated but not statistically significant (P> 0.05). (4) The western medicine group and the high-dose Huosui Formula group
showed similar efficacy. The improvement of each index in the high-dose Huosui Formula group was superior to that in the low-dose Huosui Formula group.
These findings indicate that Huosui Formula can improve the bone marrow hematopoiesis in myelodysplastic syndrome model rats, increase the levels of CD4",
and CD4°/CD8" while down-regulate the expression levels of CD4*PD-1", CD8'PD-1°, CD4'CTLA-4", and CD8'CTLA-4". These observations suggest a link to the

negative immunoregulation mechanism.
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20mg, 7S 210602, JbH 2R RARS 25 R A A
VO B s #E 10 mg/kg 4E AR H 4 mg/kg, FH 0.9%
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. IEEXTHEA 10 H. BRI 15 H, 7h2540 15 K.
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Table 1 | Effect of Huosui Formula on peripheral blood cells in rats with
myelodysplastic syndrome

Mmoo E U S 087 gl sl € A 1] IR =4 | M/ (x10° L)
(x10°L%) XA (x10°LY) (g/L)
EHX - 10 5.49+1.09 1.23+0.27 168.50+13.03 681.10+178.07
el
WAL ~ 10 2.36+1.17° 0.12+0.09° 103.20+13.12° 267.20+117.02°
PiZG4E YORIEERE 12 4.65%1.22° 0.61+0.45° 140.83+15.46° 442.58+87.33"
10 mg/kg,
4t AR
4 mg/kg
BT TR T 12 3.84+1.03° 0.54#0.43° 135.25+12.57° 387.42+146.20
T 6g/kg
4
IEBETT IERETT 11 2.99+0.99  0.58+0.29" 122.27+14.14° 341.73+142.92

K7 1.5g/kg

2.5 ERE AR G A FE SR AAEALR K RS B CTLAA,
PD-1 49 & e 5 IE & XF AL L, B 20 K R 40 A I
CD4" Fi1 CD8'T 4fl g ] PD-1 Il CTLA-4 3% 1A 7K °F & 2 4 i
(P<0.05). CTLA-4 7£ T 4l R [ A 3Rk . HEIYA AL,
& 245 W) 4b P 4 CD4'CLTA-4". CD4'PD-1'. CD8'CLTA-4",
CD8'PD-1" [ RIE A T i, FRiGZ44H CD8'CLTA-4" 41, H
RIGh LG %R (P>0.05), Wik4, B 3.

F=a | EBRAXEREESR
£

Table 4 | Effect of Huosui Formula on CTLA-4 and PD-1 in peripheral blood
in rats with myelodysplastic syndrome

BLEAMEEE AR SNE M CTLA-4, PD-1 89

4 415 FlE n CD4'CLTA-4' CD4'PD-1' CD8'CLTA-4" CD8'PD-1'

Tk HIEFEABA LR, °P<0.05; SHHAAH LI, °P < 0.05. KH A5 R A 56 TEH R - 10 0.00(0.10)  1.31#0.23 0.00(0.10)  0.16%0.04

JASJess T3 k6. “=7 NARHZ. AL - 10 0.47+#0.14° 5.08+0.95° 0.74%0.21° 2.70(6.73)°
PaZ54H VR 10mg/kg, 12 0.10(0.20) 2.96+0.22 0.00(0.10)° 0.10(0.48)

%2 | ERS BN SR A TARBISEMOTN (n) Lo m e/

% 7AEE I X R HEIEE F /5 4R B LR BUR HElS w7 TR T VT 6 g/ke 12 0.10(0.08) 2.42+0.28 0.10(0.20)  0.40+0.08

Table 2 | Effect of Huosui Formula on bone marrow hematopoiesis in rats 5

with myelodysplastic syndrome SEBETICH] AT 1.5 g/ke 11 0.11+0.03 2.40+0.39 0.19+0.03  0.38+0.11

41 i N EER WIRIGER  HARSER Bl

4 R - 0 7 3 o Rk HIEWAEALE, P<0.05, SHAMALLE, "P<0.05, EAMIRKH Xts

ﬁyﬂ _ 7 3 2 0 T, AFESDAKH M(Ps-Py) FZor, MRS HBARL: . CTLA-4:

76 2454 YRR R: 10mg/kg, 9 3 5 1 A T AR ANIMISEHR 4; PD-1: BEFEMAET AR 1. “=7 AR,

4k A 1% 4 mg/kg

WA AL ERE )T 6 g/ke 10 4 5 1 R i .
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Ry SR BN A R R A AR K R AN R Tk
Bale A ¥en  5IEERAMLEL, BAH KR ANE
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(P<0.05), $E/niEtd)a KR T 4 b . S L
B, VEEETT T A S TR A B AR T &L, A E I
CD4", CD4'/CD8" ik B & I /5, CD8' FKik & [&(K (P <
0.05); JEHHE 5 IKFT 4] CDA', CD4'/CD8" FikH T e,
CD8" ik FRE#a%h, (HESKHH#ER (P>0.05), 4R
FUNERE T RE DG B BEHY AR SR SRR AR RN T 41 i
g, T COAT dMuRIAKF, L] CD4A'/CD8” L,
FAIS CO8'T 4l iU L 7K1, ik T 4ufilisifh, W33, E 2.

#3 | BERAVBHEESEEATARINAM THE M B2
(xxs)

Table 3 | Effect of Huosui Formula on peripheral blood T lymphocyte
subsets in rats with myelodysplastic syndrome

ZH 5 Pl n  CD4'(%) CD8'(%) CD4"/CD8"
TR X HRAH - 10 60.40%4.31 35.59+4.15 1.73+0.30
HEAZH - 10 50.71#3.18° 43.14+4.72° 1.20+0.21°
g VOFIFEfE 10mg/kg, 12 57.7243.13° 36.98+3.31° 1.5840.21°

4t A% 4 mg/kg

BT R R 6 8/ke 12 54.68+5.00° 38.46#5.13° 1.46+0.30°
BRI EA WEEE T 1.5g/ke 11 53.51#3.46 39.26%5.20 1.39+0.26

T SIEW AL, P <0.05 SEIAIALLLEL, °P < 0.05. A K 3y % 40 M
“=7 AR
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PR B i Ve B o NS 21 R 0% 30 Ik 00 o1 240 i 0 1 R
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IR AR PURS 2R s
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FIHEREN AR G KR A EETR, /B
gt 14T Bax F1 Bel-2 2% (& IA /B BE 4N A T P,
O B B AR A A I I, Hd Y 4 A 2 3
Ji I AU IR o KPR AL S B IR 85, A AIC iR 46 40 i Eb
91 R SR A R 2
HH O E B R R A IR TE AT, %
D IR IR FE R T o I A A 3R 6 BRI, R I AT R AL
o BUHHIE P IR R ER, = TN (M T
e Lol TR, Y AR, PERLSE ) BRG]
FUH o] A B AR R SR AR R Treg/Th17 4HfE tL
15 J2 Foxp3/RORyt /K-, ik i ifi 200 Jfa 384 5 R G 38 2R 48 e
3. BEMEMESE R DA R B R T T R e R AR R
WORE MR B FE TR T 4000 / #0d) T 40pR bt B E, 15
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Figure 1 | Effect of Huosui Formula on bone marrow hematopoiesis in
rats with myelodysplastic syndrome
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Figure 2 | Effect of Huosui Formula on peripheral blood T lymphocyte
subsets in rats with myelodysplastic syndrome (flow cytometry)

7740 | PEHRRTIEHER | 5529% | 55365 | 20255128

T« VRTT 18R B 5% A I8 % 2 A 231 SR
i R R A AT R KA SRR 2N, XTI
B TSR T — R R B 3 el 57 P R I 2B R SR B AR A
RSAFA U (BUBRE BR 2R T P ) 2 A
PATR T B B0 A= S 0 28 B AE B R SR T SR S5 A S T
T, ISR AE L A E AR T kK
AR, SRR R A L R A
P % % 12 AIE T B IR R/ SRR S R PR T R
SE R DR X R R AR R R R &R AN RESE AR IR
MR A REE . SERIR M B R R 2tk S e F PR
LR TT AL BORIE TR R0 i AT A A A R A S R G A
W ER AR, PR B2 24 5 AR 2y 1B AR R TR A O
i) 2

BUS: AR A AT ERGE L. BRI, At
JMF E SR ERREGE. Bd KR )AL BB tE.

TEETTER: |, FAGE AT BT, BB A LIRE, A
B fi A AR M A I AT, A B TS AT M e B AT
X ek F1 B MR IEHOR, IR 09T F BRI BB I E AR AT.

FIEMR: LF M4 F 9, ERAFAFLFRETET R
T A R

FFRFREERR: XA —BFFAGRIRIE, R (Goitt 4Tl
“E - AFR AR R - AR REF 407 Kk, ESTIIAGHLT,
AFRAAIET bt B 69K T RN RS54, A%y &, B AFE
TR P L. FTHR. N, A, 3T, k. BBEEIZIK, A
Z TR, ARSI R T AT AR A IR,

MRAREE L X B AT Ak 5 s 3 5 T UF AR A .

HIEHE: ZXFHREEATFEREFHIRBERET S (FAHFRE
B hREf EF NI RES L EQEFHL) ; LFHRITTETHL

2|5 I BRI R RHAT 3 AXFABASE; LFLDNRATHFER

WE GG, FUTHFBUAA X EH BT LR FE.

4 HEEk References

[1]  GARCIA-MANERO G. Myelodysplastic syndromes: 2023 update on
diagnosis, risk-stratification, and management. Am J Hematol. 2023;
98(8):1307-1325.

[2] FRUMM SM, SHIMONY S, STONE RM, et al. Why do we not have
more drugs approved for MDS? A critical viewpoint on novel drug
development in MDS. Blood Rev. 2023;60:101056.

[3] BODDU P, KANTARJIAN H, GARCIA-MANERO G, et al. The emerging
role of immune checkpoint based approaches in AML and MDS. Leuk
Lymphoma. 2018;59(4):790-802.

(4] FEPEEE, BRI AR RN A R R B A W SR
SHRAEFE R TT BOW S ). DU ,2021,39(2):59-62.

[5] M8, FR, RALTE A ANE R RE T IS BT LT VR T Y
A S R A AEST R BT ORI AR AR IR 52 ()], 1 R AN S 86 I
2k 2023,22(11):1148-1152

6] WM, TR AL T T B A i SR A AR R (] T
JEEZY ,2013,44(6):14-17.

AE T R



PEERTIEHR

@7z

Chinese Journal of Tissue Engineering Research  www.CITER.com

5 5 5 5
-+ CD4+PD-1+ J E 4
10 3 o 10 CDA+CTLAA+ 10 T 107
0.0% 01
4 4 CDB+CTLA-4+
= T o _— T 10 q pABR 0.0%
ROZ Q 3 Q S
B a é o 2 1
'L s 3] < 2 o
e L o0 g = T 10 B
o rr A ) < 1o
i L E 10 = i 10
o
L 53 o od 03 B4
3 3
E -0 ] 10 7
T i i B s g o b B B s R e EAES Mt ik B ChGE A B B
00 10 10 10 10 0 10 10 10 0 10 10 10 0 10 10 10
PE-Cy7-A:: CD4 PE-Cy7-A:: CD4 APC-A : CD8 APC-A :: CD8
5 5 5 5
4 CD4+PD-14] J -+ 4
10 S 10 CD4+CTLA-4+ 10 COBPD-1+ 10 g
0.9% s
T 4] T 4 < 4] F: CDB+CTLA%+
a 1w ] a 10 I .4
T é 10 5 é 10 F 0.9%
i o i
é\'?:\l < ] -2 < 3 | U
B O n < 3 S 10 g
w B ui 10 E < 10 7
< [ o o E
o1 0 03 0 3
3 3573
-10 -10
T PR T Trrepery Ty T T T
10 0 10 10 10 1 0 10 10 10 0 10 10 10 10 10 10
PE-Cy7-A :: CD4 PE-Cy7-A :: CD4 APC-A :: CD8 APC-A :: CD8
5 5 5
4 CD4+PD-1+ ] 4 4
] 2 107 CD4+CTLA-4+ 107 RSP 10
g 4 b mx g 4 01% T CDB+CTLA4+
a 107 é o a "y é R 00%
< % <, 5
g 0 £, S <,
N« g v = ] & " ;
=
o] o 3 o 3 0 ‘
5 3
-10 E -10
LML e B S B e Y TR T T T LA L A B i s a8 I (i B i
40 o 10 10 10 ET I 10 10 10 0 10 10 10 0 10 10 10
PE-Cy7-A :: CD4 PE-Cy7-A :: CD4 APC-A : CD8 APC-A :: CD8
5 5 5 5
10 CD::S'H 10 7 CD4+CTLA-4+ 10 7 S 10 ':
0.1% %
= r - - 4 ¥ CDB+CTLA-4+
. 10 7 4 ] 10 7 4 ]
E\:‘:S E é 10 E é o 02%
i N o ] o
,f_‘ <‘; 3 it g 3 [}
= 0 10 10 7
By = :(:' 103' S E E WB
T o o @ [ o
" ; > 9 o 3 :
s 5 i
-10 -10
T PR e r T
w0 10 10 10 0 o 10 10 10 o 10 10 10 10 10 10
PE-Cy7-A :: CD4 PE-Cy7-A :: CD4 APC-A ::CD8 APC-A :: CD8
= - CD4+PD-1+4 s | 2 -4 5 ]
o ine 10 CD4+CTLA-4+ 10 7 — 0 g
0.1% iy
= 4 < 5 & CDB#CTLA-4+
E\:‘% o 0y < w04 o g < 10" 3 bz
% B = & 1 |(3 1
® o« 3 ! O < . ]
w2 o o T d i
= 0O 10 < 3 8 10 < 3
}Q = W = 3 W10
= & = &
p 0 o 3
hacts ] i o !
3 3
10 E -10
Fro—r— — - T — ™ T — — - ™ a” ar
1 0 10 10 1 10 o 10 10 10 0 10 10 10 10 10 10
PE-Cy7-A :: CD4 PE-Cy7-A :: CD4 APC-A :: CD8 APC-A :: CD8

Bl CTLA-4 4fiffusE T AR OGHUJE 4; PD-1 AREFPMEAET 20K 1.
& 3 | SEBEAX B S BEAIERRINE M CTLA-4, PD-1 HIEZM (FR=E )
Figure 3 | Effect of Huosui Formula on peripheral blood CTLA-4 and PD-1 in rats with myelodysplastic syndrome (flow cytometry)
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