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Study on the Mechanism of Codonopsis pilosula Enhancing Immune Function of Aging Mice Based on
IncRNA-mRNA Co—-expression Network

CHEN Dongmei', LIU Jiajia', MENG Jie', KANG Jiachao', DUAN Yongqiang’, WANG Jing' (1. School of
Clinical Medicine, Gansu University of Chinese Medicine, Lanzhou 730000 Gansu, China; 2. School of Basic
Medicine, Gansu University of Chinese Medicine, Lanzhou 730000 Gansu, China)

Abstract: Objective To explore the molecular mechanism of Codonopsis pilosula in enhancing the immune function
of aging mice, the expression profiles of long—chain non—coding RNA (IncRNA) , messenger RNA (mRNA) in
spleen of mice were detected. Methods One hundred Kunming mice were randomly divided into control group,
model group and Codonopsis pilosula low, medium and high dose groups (5, 10, 15 g-kg'). The aging mouse
model was established by subcutaneous injection of 1.25 mg-¢™' D—galactose solution into the back of the neck. The
Codonopsts pilosula group was given intragastric administration according to the above doses every day, and the
administration volume was 20 mL kg ', while the control group and model group were given the same amount of

normal saline. The above model was made continuously for 42 days. The body weight and weight of spleen were

YR EE: 2020-06-05

EERINY: A, &, LA, B9 m . h2isrF25R2Emst . Email: 2753161828@qq.com, IE1EH : Tah, Lo, Hli+, BIEEZ,
W) N R . IR R A B S B T 98 . Email: jwang_2017@hotmail.com,,

ELWH: ERHRRAREDH (81760835, 82060829); Hili M # Bl — kI H (2018A-052)



- 308 - Traditional Chinese Drug Research & Clinical Pharmacology, 2021 March, Vol. 32 No. 3

measured and the organ coefficient of spleen was calculated. The pathology of spleen was observed by HE staining
and the ultrastructure of spleen tissue was observed by transmission electron microscope. The differentially expressed
IncRNAs and mRNAs between groups were screened by gene chip technology and the pathway enrichment analysis of
differentially expressed genes was performed. The common differentially expressed IncRNAs and mRNAs between
groups were selected for IncRNA-— mRNA co— expression network construction, and Real- time fluorescence
quantitative PCR was used to verify the genes in the network. Results Compared with the control group, the spleen
weight and organ coefficient in the model group were significantly decreased (P <0.01). The spleen tissue showed
pathological changes, the lymphocytes underwent mutation, autophagy and apoptosis. A total of 96 IncRNAs and
65 mRNAs showed significant changes; the expression of Enpp6, Cpedl, Galntl5 increased. Compared with the
model group, the spleen weights and organ coefficients in the low, medium and high dose Codonopsis pilosula
groups were significantly increased (P <0.05, P <0.01). Codonopsis pilosula significantly improved the pathology and
cellular ultrastructure of spleen in aging mice. The results of chip analysis showed that compared with the control
group, 96 IncRNAs and 65 mRNAs changed significantly after aging, and compared with the model group,
623 IncRNAs and 435 mRNAs expressed differentially after high— dose Codonopsis pilosula treatment (P <0.05).
KEGG pathways involved in aging and high—dose Codonopsis pilosula treatment are mainly related to immune process
and immune disease, including allograft rejection, graft—versus—host disease, autoimmune thyroid disease, antigen
processing and presentation, and so on. The expression of Enpp6, Cpedl and Galntl5 in the high—dose Codonopsis
pilosula group was down—regulated compared with the model group (P <0.01). Conclusion Codonopsis pilosula has a
certain protective effect on the spleen of aging mice and the IncRNA-mRNA co—expression network may play an
important role in enhancing the immunity of aging mice.

Keywords: Codonopsis pilosula; aging; immunity; gene chip technology; long chain non—coding RNA (IncRNA ) ;
messenger RNA(mRNA); mice

2020 4F T AU AR BRI A& (COVID-19) B9 KA T
R — P K A A BR AR ALY, ™ E 2RI 2R
AAEFERIGEE 2(SARS-CoV-2) X T 7 A BE# ELA 5
B, IR REENAEREEY, X58F A0
GEEIME T EDIM . L, S -Ea N5l
WARREKREE, P2y S HAT MR S i i i
FITIRL, HGPER 2, REEPIER R R .
HoE A LTI RE . A ML . AT . R E W
SR /N IVAT GIE/IRUiv o7k A TN | S B R: L A P NG £h 122
DIREMI 4T T ML AN TEHE .

TEMHUARM R RETIRE TR, AR A f K
FIAME G g B, B 5t Ia sl I R T R A e
N, SRS R BRI R B i LT A, KRR
% RNA (IncRNA ) 2 —Ff AR 1% 48 L RNA %% 5
A, KJELE 200~100 000 MEAFERZ A, IncRNA 1]
TE e i B it Ja 7KOFXHF 1 RNA (mRNA) 7 A= 3 4%
YERT, MR T e 88 () BaE, 4% A P B
DIfe™, Tk, AN EE sy g/ NS, Ea
X /N HEA T IncRNA AT mRNA A AN 24 &

¥4 IncRNA-mRNA F£FEEM L%, LI 2593
HA5H /N AT RE 1 T ALS], A SR
AN AR D RE I PRI B AL AR -

1 MREHE

1.1 ¥ EWANE 100 B, B MEA 2K, SPF
G, 2 Ak, R (Q0+2)g, WA HRTEZ K%
Blegsess gy, sh A= nliES . SCXK(H)
2015-0002.,

1.2 W RikH w2, RAHMNIRE, StHidheE
2R 2F R 2GR FUE AT B AR S A . B 100 ¢
W, 1A 10 f5EKATE 1 h, 552 KA 6%
HKA 1 h; f 2 IRBURIR A . U8, AR EH
0.5 g-mL' JEZY P /KRR, BT 4 COKFRAT; %
ZOKBIF R S d Hil 4 1 K. D-2F A (5 .
Lo#SLBD7045V), J[H Sigma A wl, i FH7H A 21
KB 50 mg-mL™ & H .

1.3 Ry CX31 ADGFBMEE, HABARE B
yH]; JEM-1230 AU S 1 B AEE, H A JEOL 24



PGS G RSB 20213 A F 30245538

+ 309 -

Al; Agilent G2565CA B A=Yt 944X, & E L4
/3 A] 5 QuantStudio™ 7 Flex RealTime PCR ¥, 3%
FER ARG AW

14 54l. BORSR Rgdy 5 100 H/NRBENL N
XA BB SR, P mAEA (S, 10,
15 g-kg™), HEZH 20 H, Ml BRI K
S5 I A0 R SR AR BF S EAT R BB
PS& e 2 AN LN =5 B o N R = e 9 e
5%D—FEFUBEATE (50 mg-mL ™), H5HEHN 0.025 mL-g,
Xof REZH S A5 AR PR K . SR 2IR, P, R
P FRFIRHE S 425 (20 mL-kg ), HH 17k, Xt
RN 25 T A BER K . # D By RiE S
B, HZh42 d.

L5 WRVERT B S VERS R B E  SCIER S, ARl
SR E R i, SRS T SUHE B F 206 /N BRAR 3E
ffE IV BOIE, PR Baat . T RIERERS REU(%) =
JGERIE I fe: () MR B i () X 100%

1.6 NEAL 2L B2 W5 /N LA B2 I IO,
4% B WS WIR L, TR T BE o F BRI
AMSAME, HFATAHLURE YR (3 um) o VR
BIRHATHARE - (HE) Yo, 3R 5 7E062 Al
B Mg,

1.7 BSHR BRSNS AT BN UL
DIZS 1 mm® B/NBR, AT Y 2.5% 0% — R
e, fE4 CRIEEER . 2 PBS Bk 3k, U 1%
Osmic lRYe 0. ik . B, @3, REFE, VI
70 nm AR, E4E BT RBEIE

1.8 KPS v B AR G I 41 ) 2% 5 K 3% IncRNAs J
mRNAs K Trizol i WX HRZL . BERIZH ] 3¢ 5
e R i /N B (n=3) I AL ZH 2 rb B2 BBUEL RNAPY )
H CapitalBio Technology Mouse LncRNA Array v1.0
(4x180 K.t Fy A /N BT R A BE PR R ik i, A5
50 3 R A e PR T 1 B A ) R B W)Y
TUBES e SE IR AR R AT o SR Agilent G2565CA #Y
AW RSO TE RS 0 AT A, 153 A
L R 3 R Agilent Feature Extraction (v10.7) ¥
XA R AT oy A O R ORISR R, A
Agilent GeneSpring /X &4 47 15— b Ak 33 R0 22
FoMT. BRJE, R RAEU(FCO XM >2 F1 P <
0.05 1 IncRNAs & mRNAs fF 2 25 5 R ik S .
IncRNA ¢ mRNA S5 18E .28 112 2 GEO XudfiE
(http://www.ncbi.nlm.nih.gov/geo/), 55 :GSE150773,
1.9 ifig st B R H KOBAS (KEGG Ornoology
Based Annotation System ) -5 X} 22 573 £ 7k mRNAs i

TTIEF AR (GO) & 4B Mt BRI R 5 3 R 41 | R
215 (KEGG) M & 400 . GO B4R ds £
22 B (BP) . 404 43 (CC) F4rF e (MF) . LA
P < 0.05 4 GO £ H A KEGG i 4% il 5 &

1.10 IncRNA-mRNA L8R M Eive 2
o 791 o ZE R L AR 2 AR 20 A L 0 B v
[FAY225%E IncRNAs Fll mRNAs; ##E IncRNA Fl mRNA
I35 H, 15 IncRNA F1 mRNA 22 [8] 1 B2 IR FRAHSE
2B, PR RE>0.8 F1 P < 0.05 AUFEEIA LR
Xt ff ] Cytoscape 3.6.1 FRAFHETT IR 2K [ R4 AT AT 41
fRAb B,

111 SERFSEEAE Bt PCR 5% mRNAs % >R
Trizol GG FEEON AL | ALY F3E 2 e 551 4/ [
(n=3) MEEL S 5 RNA, FIASE R e &, B
FOE PR J FE KRS I LS8 4 . SR Sybrgreen 964k
RPENT B RNA S5 A . SR REHLG | 1 73
g RS 65 °C 5 min, SRIGIEDK LS EIE /D
2 min; 25 °C 10 min, 37 °C 1 h, #FFTHEFZE R
N, RBESAE: 70 °C 10 min, 4 CIRFE. RIS AT
JE i PCR KU, N &R A 20 pl; R & 1F
95 °C 10 min, 95 °C 15 s, 60 °C 1 min, 3t 40 PG
o KA 242 PRI AGAI Rk, UL GAPDH
NNB TR, 515 0L 1,

*£1 qPCR3|#FEF
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GAPDH  Forward primer: GTTGTCTCCTGCGACTTCA 182
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Enpp6  Forward primer: TCAACTGGGAAGGAGGCGAA 128
Reverse primer: CCATTCTTGAAGGGAAAAGAAAACT

Cpedl  Forward primer: ACCCAGGGTGAAGTACGGAA 112
Reverse primer: TGTGCCGTCCCATTGTGATA

Galnt15  Forward primer: CTGTGGAGGTTCGACCAGAT 62

Reverse primer: TTGCTCTCTGTCAAGGTCGTT
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Figure 1 Effects of Codonopsis pilosula on spleen weight and

organ coefficient in aging model mice (x +s, n=20)
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Figure 2 Effect of Codonopsis pilosula on spleen histomorphology of aging model mice (HE staining, X10)
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Figure 3 Effect of Codonopsis pilosula on ultrastructure of spleen tissue in aging model mice(x10 000)
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2il755517696IrefllXR_377576.21 442 0.002 6 3.001 0.018 2
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rilB230105C15/PX00068P1712507 276 0.038 7 3.68 1 0.008 1
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2il75549101 1reflXR_864923.11 3311 0.018 1 385 0.021 3
NONMMUT050420 2367 0.018 9 2411 0.025 1
rilA730021F12[PX00149K221943 2037 0.019 6 2.56 ] 0.005 1
NONMMUT057337 2467 0.010 2 3351 0.038 7
NONMMUT049631 2,157 0.023 8 401 0.000 1

e THRRER; | R

#* 3 #[E mRNAs BFRIEBR

Table 3 The expression of common mRNAs
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Figure 5 GO enrichment analysis of differentially expressed mRNAs between groups
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Figure 8 Effect of Codonopsis pilosula on differential mRNAs expression of spleen tissue in aging model mice(x +s, n=3)
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