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mRNA 8 &k KF (P<0.01 K P<0.05), £ #4554 A4 BDS091ER, R4/ BDS WA 2 F AR 2588
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Explore the Mechanism of Steam-processed Polygonatum Sibiricum Polysaccharides in Prophylaxis and
Treatment of Blood Deficiency Mice Model Based on Transcriptomics

WANG Juan', WANG Furong', PENG Xin®, SHEN Zhanyun', ZHU Zhibiao’, FAN Xiaoling’(.School of
Traditional Chinese Medicine, Zhejiang Pharmaceutical University, Ningbo 315503, China; 2.Zhejiang Chinese Medicine
University Affiliated Ningbo Hospital of Traditional Chinese Medicine, Ningbo 315010, China; 3.Zhejiang Sanxitang Chinese
Medicine Co., Ltd., Yiwu 322002, China)

ABSTRACT: OBJECTIVE To explore the mechanism of steam-processed Polygonatum sibiricum polysaccharides(SPSP) in
prophylaxis and treatment of mice with blood deficiency syndrome(BDS) by RNA sequencing(RNA-seq) technology.
METHODS The mice were randomly divided into five groups(10 mice in each group), namely normal group, model group, SPSP
groups(0.1, 0.4 g-kg "), Danggui Buxue oral liquid(DOL) group. BDS model was induced in mice by acetylphenyl-hydrazine and
cyclophosphamide. Blood routine, body weight and body temperature were tested after a consecutive administration for 14 d. The
differential expressed genes(DEGs) related to anti-BDS by SPSP were screened through the transcriptome sequencing of the hepatic
tissue in BDS mice. Functional annotation and enrichment analysis were performed to screen out the gene expression signaling
pathways related to the treatment of SPSP on BDS mice. Quantitative polymerase chain reaction(qPCR) was used to verify the
experiment. RESULTS ~ Compared with the model group, SPSP(0.4 g-kg™") could elevate the blood routine indexes such as red
blood cell, white blood cell, hemoglobin, platelet, mean corpuscular hemoglobin concen-tration(P<0.01), and reverse the body
weight and body temperature to normal(P<0.01 or P<0.05). The result of transcriptomic analysis showed that the underlying
mechanism was mainly related to hematopoietic cell line, retinol metabolism, steroid hormone biosynthesis, platelet activation, B
cell receptor signaling pathway, and leukocyte transendothelial migration, etc. The result of gPCR showed that SPSP(0.4 g-kg ™)
could elevate the expression of JAK1, STATI and GATA1 mRNA (P<0.01 or P<0.05). CONCLUSION SPSP has therapeutic
effects on BDS. The key DEGs in the treatment of BDS by SPSP are mainly related to the restoration of hematopoietic function,
regulation of hormone and immune function. The mechanism of SPSP on treatment of BDS might be the regulation of JAK1/STAT1
signaling pathway.

KEYWORDS: Polygonatum sibiricum polysaccharides; blood deficiency; transcriptomic; JAK1/STATI signaling pathway
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IfiL B 3 (blood deficiency syndrome, BDS) J&
—MEREE IR L I ) RE R A A R
H 5B 2= R 38 e RARARL, I PR LA L£T
A A A0 AR FEE2WHE AR IR
KW, R =EgrthimEsd, Agd2mi
PRI H A2 AR . T BEIA S IR 5 %
midZ, SMERE, BSCUREMARA G, A
AR B EERNZE,

Tk Polygonatum sibiricum Red.J& T “ 24 & [A]
g7 gy, A M. B, BARIIEN, il
N, NG, #2E 2P IR T AT S
PEOF . ZMK . AR . . kRS R KA .
b BEY, HET, CAEK s s T 2R
PRy, FEAREESE . B, B, BER. A
Yiwe . A . AR Hrh 22 B
WA B2 ek, HEZTHIMED . Bk
RO FUAAET P OB ATIMAE® . BRI
GAEM . A WRFE R B BORT b RO . A A R
WEATR & W) EA A s

R T R A R ], RS e 25 I LA
THBR RS BE AR RV . O A BRI AE Sl B0k
220 R ] RS 22 0 v i BN SIS BRI BE R LAY
Wi 225, ARSI 3 3R WD ) EokS 2 80
B B8R I PR D U0 T AR SRR 2 IR RN
SR ETE AR BT, ZE Ak B EOR AT B 0 ¢ 55 AUk
I, AMEL OBEL B BOPEFIM, SR ZE O
S 117 e 1 W o N D & s T /24 E R )52
(RNAsequencing, RNA-seq) R MIHE AR K F L
SR 4> FALSI A T S R, A SR
RNA-seq 2 AR 78 T P A= B 514 3% 1 A9 & s X
P53 {CfiiE s . i, AR B MAMEET RS 2
KHEEME M Borchert 552" i i RNA-seq &
PR MR M A A0 5 RAE RO, i, RELAR
ML T RE AN T 40 M A=A 5 o Bl Jie 7 v [l 1 FH R Bl
IRAMEA T2, RNA-seq HF5E 7R B
J¢ B 36 B it (4 VR AL T 5 3 i 4 A DG 4 Al &R
e A L 3 A S A DG

Zi I, AR RNA-seq #i REEZR ILZEIL
il HORS 2 B MCGE L BE R UF (acetylphenyl-hydrazine,
APH) IR BERE (cyclophosphamide, CTX) B4
5 1 000 EASE AL/ N B AR T AIAE G 4Bl -

1 #MR5R%
1.1 it

ZE T BORS UL =R At 25 G PR wl $R 4t

Hr EBLACN 22 2024 4F 2 HAES 41 545 3 10

WL IS 24 R 2 B T 7 D i v IR B s W A M
ENHGRHEYI BRE (Polygonatum sibiricum Red.)
B TR 25 RS CTX(#% & Baxter Oncology
Gmb A F], L5 . 9K345A); APH( LRI Hi T
HEARH AR A BRA ], b5 . L1705044); 414
AR GBI T B AR 25 T, S
011905171); Trizol reagents(3Z [# Invitrogen /3 7] ,
#5 . 15596-026); cDNA 55— 584 mid sl & @it
5. RRO36B). One Step TB Green™ PrimeScript™
RT-PCR Kit II(#t 5 : RRO86B) ¥ Iy [ H 4
TaKaRa A H] o A7 52560 AT ML 71035 0 [ 7= 43
Mrali,
1.2 X8

NovaSeq 6000 %33l J#{% (3% [E Hlumina 23 F);
2100 Bioanalyzer(3 El“ZHE/E /A F]); ND-2000 43t
JEEETE . Thermo 4= H a5 3K #5404 H 3¢ [E Thermo
Fisher Scientific /A ] ; 2¢ Y6 & PCR MY (ABI
Step one plus Real time-PCR R4t , £ [E N H RS
HEWIAT]; SYSMEX XT1800i Ifil i 23 B 4% (H A<
A AREFR D)
1.3 hik
1.3.1 EREZHEH& 5 4E R S500 g 75
K E Taifb /KW 12 h, YRR 110, 2
J5 80 °C MIEHEHL 2 K, HFK 1.5 ho ¥ 2 IR$EH
WA, 60 C ekt 78 R an i B L] 12 11
REW . TEETER TR IMATK EE, (8
RAHRPE>80%, RIF 4 C VKAETICE 24 h, 152100
VE. B OEEDTIE,, IFTE 80 C KR INIAZE &
DL ZBRER BA 1 T o T T I i A 3 et )
gk, IFH Sevag i) (IE T B : &h5=1: 4) i
B B S AR 288K BT 72 h(#
B 4r -1t 8 000 Da), #RJ5 H &AMt BTl &
WA AR AL, 7F 280 nm A TEIOB R . f et
HABHR TR R SR Z WS, H TRt
5o AU O XHZ BN Z WA T S, 2Kl )E
WO M R UM . R FLBEEERR . H b
A . BTRAARE . BRZSHE . ShIR A L A L
49.7%, 25.6%, 12.7%, 62%, 3.2%, 2.3% Fl
0.3% RYEE /R L2
132 ). ERI542)  Balb/e /MELS0 H, K
Frit 18~22 g, MEMERE, W HWLA BB
Bt . SEESsh WA = nlIE S . SCXK(HT)2019-
0002, FF A W T 24+2) C, 1BJE 60%~70%,
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12 h WY I 22 4 1 B 5 v ik o7 P AR 5, B TE] il
e 1T, BENL D IR | A
. EOR 2 OBERR i (0.1 gkg ) AT AR 4
(0.4 g'kg™), BAEZ S IAAR L A Ik ZH (12 mL-kg ")
(M PP L 245 34 2020 47 R BEORS 9 45 24 70) R BE0Rg
ZHER PRI, BUE A SR BN 2R 45 25 57
HOMER A 0.1 gkg !, EAIEA 04 gkg ™),
2H 10 H/NEL o BRIE W 2H T 56 55 28 1 2R JER K A1
HoAl 2 /N RO AR 2R 255 2, 5 RECH 4T
APH 20, 40 mg'kg', M5 5K, & HEKE
B CTX 40 mg-kg™', 2L 4d, &l E sh P
R, RHY) T LR 1 RIFIRAZ), BRIER
HAFNBIARLH 25 T 525 22 KA, HoAth &4/ B
I3EE TR R 2, LA 14 do RIS
ZyJa 1 h R ARIRBCE, HRIERUL, A5 H
JiF . REHER

1.3.3  IfEHIE  CREEFEARTN ISR ALK
K12 h, BRMEFTR, 4/ E 2ty
JPRE, HRIEEUALS B T EDTAK2 FLEEE P isE,
N5 78 A

134 KR, RBTEEKRNE 7258 14 R4 2
Lh)a, MEFRETIE /DB . &4/
TESS 1 KM 14 RKApnIFRa i mar . Bl 5 57 %)
BOMRHERRE . AR IR (%0)=(3F 14 KR —
55 1 RARFTE /A 1 RAKFTHE x100%

1.3.5 skl AE R g AR A TR A
Al 5¢ ) RNA #£ B, cDNA 3CFE A4 £ Fil RNA
J¥ o fdi ] Trizol 127 DM 20 22 v 42 B S RNA
RNA J&i i % JH] 2100 Bioanalyzer #471F4%,
ND-2000 7366 R TH#EAT E M E . ] TruSeq
protrol FEATSCEEMEE, 4R J57E Illumina Novaseq “F-
£ AT . RNA-Seq & 2x150 bp Bl 1+
TG, S oMIEE AL, BIRIARIEORS 2 A, A
O3 3 A EYE R E S .l B
Y RNA-Seq reads(Q score<30) FR15 = i £
1.3.6 RNA-seq £ #i& 7 #F  ff /| Trimmomatic
0.40 RSUAXT I U Py Bt R A T ok ik, ARAS R T i
(0 R8s o R A Hisat2 #0406 = o )y
Sl 545w S % R A AT X . i
Qualimap A P4l RNA-seq AR T, SR ff
JH Featurecount version 2.0.2 X} &> & K Y 52 HUE
ST R TS TCRE 0 5 55 3 T 0 AR R B
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(fragments per kilobase of exon per million fragments
mapped, FPKM) #5071, FeJo K H R (https:/r-
project.org)!'® i 75 EdgeR £ 43 #r 22 7 & 15 Jk
(differentially expressed genes, DEGs). DEGs [/
i 25 4 & Fold Change=2, q¢f{H <0.05. X H
Venny 2.1.0 Xt 20 [a] 345 ) DEGs #1708, R H
OYIER RIS, BRI SRR A Bk
Z Wi 5ROt DEGs ik 0. FIH Goatools
(https://github.com/tanghaibao/Goatools) H
KOBAS(http:// kobas.cbi. pku.edu.cn/kobas3/? #=1)
AT L RIAA (gene ontology, GO). i #§71:
BT 04T o

1.3.7 qPCREK B UWE H/DNRMHALS BT
RNA {4 . ARG R @ U584, BT mL
Trizol 55 % 100 mg AP ZUR 2T, R BUT 215
RNA. f#i ] PrimeScript RT ix 7] & F1 cDNA 45—
A LR SR S B 1 5L RNA SUFE S cDNA
SRR 51 978 (5-3") W# 1. PCRIKR N
20 uL: 2xReal time PCR Master Mix(SYBR Green)
10 uL, HBiH (cDNA #i B 10 £5)1 uL, 514 MIX
(F/R 454 10 pmol-L™") 2 uL, 0.1% DEPC 7K 7 uL.
PCRFJ¥: 95 CWEHE 5 min, 40 MEH (95 C
155, 60 °C20s, 72 C40s), LEHKE 3 KFEA
HA, D2 gty AT

Fz1 x#EATYFE

Tab.1 Primer sequences of key genes

BER 4R ElLE2 ]l AL/ bp
JAKI 3f: CCCACTCCTTGATGCCAGTT 112
TiiF: ATCATGTCCGTCTTGCTCCG
STATI [-#7: CGACCCTAAGCGAACTGGAT 99
FU#: GACATGGGAAGCAGGTTGTC
GATAI ¥: CCAGTTTGTGGATTCTGCCC 140
Tif: AGTAGGCCAGTGCTGATGCT
GAPDH Lif: CCCAGCTTAGGTTCATCAGG 86

TFif: CCAAATCCGTTCACACCGAC

1.4 Btz
SCUG KRR FH SPSS 22.0 Bk EATGE M
B x5 Fon. S BRI O 25
Mr, ZEHHERA LSD-t KK, P<0.05 h2HH
AEFRE L
2 #HR
2.1 RS MR I AR TR /N BRI A 52
SIER e, BRI /N B4 i A 21 40 g

P IR 22 2024 4F 2 H 45 41 355 3 14




(red blood cell, RBC). il £L % 1 (hemoglobin,
HGB). Ifil’Mi (blood platelet, PLT). ZL4HH1F1
IM£T 8 FHEE (mean corpuscular hemoglobin concen-
tration, MCHC) ¥ It} 2 [ Ik (P<0.01), T 11 2 g
(white blood cell, WBC) {UAETE, FHA ML HE 7
M AR /N RIE Ry . SR LY, BHMEZS 18
AL T IR 4 RN B 220 2 /N BN Al h HGB |
WBC Fl MCHC 7K ~F- ¥ B & Ft 5 (P<0.05 5 P<
0.01), $E/REKEZ M st APH Al CTX S 31
M FAR RO o AR WA 2,
2.2 EORE MG I AN RN R B . A5
88 S SV NTETIEALT

SIER A s, BRI /N BRI, R
IR B TR (P<0.01), J§. K. &
FEEMEH, S, BE ATEREREZ
PRI /N B . BEAmE, TR, &
Jo e KRR IR A T (P<0.05 5% P<0.01), 45
R 3,
2.3 RNA-seq %I F 5347
230 R ECE BRI A SCI T S I
SCHEEH, 9 AN b Y SR G B AE 5.0x107~6.7%107,

R2 EMSEAAEDRDE ALK

WEH (R+s, n=10)

Mt 5.28x10°%, 4 cDNA -4 3K15 5.9x107
MEREWE . SR EdRE g, 2047 5.02x10°
(95.1%) B J5E 4 5098 A o = BT &t A9 152 B (clean
reads) B8 B4 T ok o 9 EE M Y reads 22 RN,
i AE =20 W8S BT 5 E 43 EE (Q20)= 97.95%,
JoT 1 B =30 /9B 2 T o5 A 43 (Q30)= 94.70%,
T P 25 0y, AT RS AN, 450
4,

2.3.2 DEGs aPWIEH 4L, BRI FIBHsE 2 6
Y A FE I RIRF O LA, FET FPKM st SR &
WA 1252 MR R IAA 25, KILEIWE 1.
H5IE w468 e, AR A /N BROFRE F A 361 4
DEGs[ [log,(fold change)|= 1. ¢ value<<0.005] H:H
EIEIER 3294, FIEER 324, WLE 2A. 5
MRV AR HL, BOAE A4 i BE H 107 4~ DEGs,
H:rp 56 4~ DEGs #i5 [, 514 DEGs £ik T
P, ULIE 2A. [FIE, SrATREALAE | TER A S
£ W2 2 18] 1Y 22 4 DEGs, L4543 /> DEGs #
T, WK 2B, AT 20 A4~ 9 5 5 K AT IR
Br, WK 2C, Z5REM, EEZHETLDIKE
CTX 1 APH F:3(/%) DEGs ik /Ko

Tab.2 Effect of Polygonatum sibiricum polysaccharides on blood parameters of mice in each group(x+ s, n=10)

251 billkss RBC/x10"-L™ HGB/g-L™ WBC/x10° -L™! PLT/x10° -L™ MCHC/g-L™"
EHA . 9.32+0.48 156.80+12.23 3.1140.69 1121.54205.9 273.3+14.1
iUk = 6.14x1.37" 110.67+17.81" 6.58+3.48 629.8+141.5" 244.0£10.7"
HORS Z WG 2 0.1 g-kg! 7.47+0.43 129.78+10.65” 13.16+3.89% 823.34281.5 260.0+12.1?
EXEZia Tl e 0.4 gkg! 7.89+0.43Y 145.83+7.08” 12.63+0.76” 1060.5+223.99 270.8+11.7°
A L 1T AR 4 12 mL kg™ 6.75+0.96 127.25+13.55Y 12.38+2.22% 945.0£97.4? 276.6+19.4Y
H: HIEFWALL, "P<0.01; HEHIAL, PP<0.05, PP<0.01,
Note: compared with normal group, "P<0.01; compared with model group, ?P<0.05,*P<0.01.
K3 ENMIBHNEAAPRERE. RENPWE (Fxs, R4 HFEANFRE
n=10) ) Tab. 4 Transcriptome sequencing data
Tab. 3  Effect of Polygonatum sibiricum polysaccharides on ——————
: e ot _ v R cropenge  UEEZEE i UEEEE
body weight, temperature of mice in each group (x =+ s, n=10) paciza JEIEREE iR
Q20/% Q30/%
5 FiiliEs TG R /% B °C —
A & R KR HRZML 50614412 48189492 99.02 96.29
IEH AL 29.94+7.36 38.06+0.18 BAELHEA2 56745712 53744738 98.89 95.93
LRI - 16.42+5.89"  36.27+0.48" WM ZMA3 59255544 56224508 99.02 96.32
WREZPEIRES 0.1 gke! 25.44+7.80 36.71+0.49 EHAL 66966192 63692340 99.01 96.27
WS RSN 0.4 g'kg 25.76+7.52% 37.10+0.60 IEH 42 54384800 51802340 99.01 96.28
L, N v _ Al y
GYHMALC R 12 mLkg™ 19.88+9.11 37.5740.58" L5413 57428396 54813014 98.93 96.00
LI 1
H: HIEE4L, "P<0.01; H5EHIALL, PP<0.05, YP<0.01, Pl 60715498 57760900 98.95 9611
i ) 4]
Note: compared with normal group, "P<0.01; compared with model group, BORAL 67116922 63992558 98.98 96.18
2p<0.05,9P<0.01. FilZH3 54712772 51795822 98.91 95.98

o E IR 22 2024 4F 2 H 4 41 355 3 14
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Fig. 1 Volcano plots of DEGs
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Fig.2 General analysis of DEGs between groups

A—numbers of upregulated and downregulated DEGs; B—Venn diagram of DEGs; C—hierarchical clustering of the top 15 overlapped DEGs. C1-C3—normal

group; M1-M3—model group; SP1-SP3—Polygonatum sibiricum polysaccharides group.

2.3.3 DEGs MINRE R £ GO itk A= W14
TR B K P Y R TR A 2RAR R, A
41 Bfd 41 43 (cellular component, CC). 77 1 H fig
(molecular function, MF) Fl A= ¥ i #2 (biological
process, BP)3 /NJ7fi. X #bS 2 M4l SR RIZH 1
DEGs 47 GO HIREw & 7047

ZER N, KZH DEGs 5 BP MG, {UED
¥ CCHIMF #H2C. 76 BP J5ii,  ERATT /)
DEGs ¥ 5/H4MIrE YT (biological regulation),
40 f 3 B2 (cellular process), Uit 7 (metabolic
process) LA f& 1 $E R 48 of B (immune system
process) #H5¢, UWLIE 3. FIH KEGG # #% & %50 Hr
KIRA T woHE Z M4 SR ZH DEGs 1) 5 K 2
AE, ULIE 4. ZRFEW], BORSZWEIH 119 DEGs 5
15 M40 & (hematopoietic cell lineage), 75 FEAt:
I (retinol metabolism) ., {52 W& AL (steroid
m 7 AR 3 IS (platelet
activation), B 4H Jfl 5% /& {5 % i@ #% (B cell receptor

hormone biosynthesis) .
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signaling pathway). 14088 % N #1417 (leukocyte
transendothelial migration) 54H5¢ .
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Fig. 4 KEGG pathway enrichment analysis of DEGs

2.4 EORGZ BN MLEROEL/INEL JAKT-STATI 55
T I RFEEH]

JAK-STAT {5 Z il BE WE B 2 2 S i . 5
£ T FN AR AE ALK 715 55 Y SRR 2
— 920 AR bR TR JAKL, STATI
1 GATAl. >k F qRT-PCR X} hematopoietic cell-
lineage il #5143 M IER B FRIBIHATIUE . G5R R
B, SIEW 4L, I AR K JAKL, STATI
Il GATA1 mRNA EiRUEERY T s, 225
A Gt m X (P<0.05 3 P<0.01); 5 BIEIZH A
o, SRS Z AR fE s 3 DERIRIL, ERAR
Giit=A7E L (P<0.01 8% P<0.05), Z55ULIAl S,
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Fig. 5 Effects of Polygonatum sibiricum polysaccharides on
mRNA expression of JAK1, STAT1 and GATAI in liver of
BDS mice(x+ s, n=3)

Compared with normal group, "P<0.01, ?P<0.01; compared with model
group, *P<0.05, “P<0.01.
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