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[ Abstract)

D vitamin K oral solution ( YQJ) and its components in Caco-2 cells and zebrafish, and explore its potential

Objective To determine the absorption rate and anti-osteoporosis efficacy of calcium zinc vitamin
mechanism based on transcriptome sequencing. Methods We compared the calcium-ion absorption rates of YQJ and
its components in Caco-2 cells, to simulate gastrointestinal absorption. An osteoporosis model was induced using
dexamethasone. Bone density was detected by Alizarin Red staining and dual validation of drug efficacy was analyzed
using transgenic (ola. sp7: nlsGFP) osteoblast fluorescence. Zebrafish were divided into YQJ 250 pg/ml, MC, and
NC groups (3 biological replicates each). Transcriptome sequencing was carried out and differentially expressed genes
at the intersection of the three groups were screened using |log, fold-changel = 2 and Q value < 0. 001. Differential
genes underwent functional annotation and enrichment analyses to screen out the expression pathway of YQJ anti-
osteoporosis genes, followed by quantitative polymerase chain reaction validation. Results The absolute calcium-
absorption rate in YQJ-treated Caco-2 cells was 42. 6% , which was 1. 70 fold higher than that of the calcium citrate-
alone group, 1.59, 1.58, and 1. 56 fold higher than the calcium citrate + vitamin (V) D,, calcium citrate + VK,
and calcium citrate + ( casein phosphopeptides) CPP groups, respectively, and 1.33 fold higher than the calcium
citrate + zinc gluconate + D, group, indicating a significant synergistic effect of YQJ on promoting calcium absorption.
YQJ significantly restored zebrafish skull density and increased osteogenic fluorescence intensity, and 125 wg/mL YQJ
increased the anti-osteoporosis effect by 24% ~ 25% compared with calcium citrate alone. Sequencing identified 335
and 231 differentially expressed genes in MC group/NC group and YQJ group/MC group, respectively, with 58
overlapping genes at the intersection of the three groups. Functional enrichment of overlapping genes revealed that
YQJ’ s anti-osteoporosis effect involved four pathways and 11 key genes. Using qPCR verification, YQJ significantly
restored the mRNA expression levels of ¢3a. 1, ¢p, corola, cldni, and bmprlaa. Conclusions The in vitro calcium-
absorption rate and anti-osteoporosis efficacy of YQJ both demonstrated synergistic effects, with its anti-osteoporosis
effect specifically increasing skull density and osteoblast signaling intensity. Transcriptome sequencing revealed that
YQJ primarily functions by modulating the complement and coagulation cascade, ferroptosis, phagosome, oxidative
stress response signaling pathways, and other functional proteins, involving the regulation of key genes such as ¢3a. 1,
c3a.2, 3a.6, 9, 5, ¢fb, corola, c¢p, mpx, cldni, and bmprlaa.
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1 #REFE

L1 ##
L1.1 2%y

Tg(ola. sp7 :nlsGFP) " %% 3 R i 1 41 i 4% (2
DOLHE Ly fh 360 J&, WFAE R AB i R BEH 4 900
B, ¥ N3 K55 3 d(3 days post fertilization , dpf)
[y fa | A A R 2 0. 25 my, JH I S 1 591 o 4
A HERE B FA LA AR 0T %) 22 ey Uk A7
R E 5, G EARER BEZK (294. 0 mg/L CaCl,

- 2H,0, 123. 3 mg/L MgSO, - 7H,0,63.0 mg/L
NaHCO, 1 5.5 mg/L KC1) & 28 °C %1 F ik,
JGRE RIS = 14 h ¢ 10 h, BIBUMIRRAEYRHE
A AT B 2N ] 5% A 0 #2431 [ SCXK ( #17) 2022-
0003 ] , 1Al 3% F B N 24 4 A6 B 42 B4 A7 BR A )
Fetarut [ SYXK (Hr) 2022-0004 ), A< BF 5% €
TEWUIN IR A P BB I 1y A PR 2 7 3l 18 BE 2%
B2 HE (TACUC-2024-10854-01)

1.1.2 &

Caco-2 NZE45 B 9 4 i W B v [ B 27 B
AN EE, H 5 SCSP-5027, 5E 4 Be B AE X
Fefil ol 1:3,48 5 d B0 —K,

1.1.3  FERF S5

YQJ, A E 5 R AR, B A G2024
31003502, % 15 mL & #71 #2 £5 330 mg, CPP
60 mg I AIHEIREE 3. 5 mg VK, 16 pg VD, 4 pg, 4
RA—EH it P - K e 2T
UL, I TCRRAR (H ) A R A B BH IR i
17, FrEMRES M EIRES + VD, FrEIRES + Hid
WA + VD, MBS + VK, FPEEIRES + CPP,
¥ YQJ 707, BB 15 mL 5 YQU AH—EL,

Cell Counting Kit-8 7] & ( CP736,DOJINDO
Laborataries) ; Caco-2 5541557k (SCSP-671, H [
BleEBe 140 M%) 3 85 B 7 & 2 K R &
(BC8332,db i K R A BRA | ) 5 Hb ZE KA
(C2110208 , I ¥fg BT f7 T A= AL BF 85 By A BR A
Al ; P R M - ( X020681 , Savio Industrial S. 1.
L) ;R4 (C12071107, i3 sa b AE AL BHE A
RN 1) 5 oligo (dT) i ¥k & % mRNA K 7 &
(LROOR96 , TRIIN AL K FE IR i 55 A BR A D)

Transwell #x & 24 fL# (L& 0.4 um,
Corning ) ; A= ¥4 4= #H ( BS-13001TA2 , Jj M %2 42 %5

SEARARA W) 5 03 BB LB A5 O0 B
B3 ( AZ100, Nikon ) ; Fragment Analyzer System ( 7
55300, Agilent ) ; DNBSEQ ( MGI2000, 3% 31l ¢ K
B BB AR 2 A ) 5 AR R RO L
( Centrifuge 5430, Eppendorf, GER) ; i ig 1% ( QL-
901 , HAR DU /RAL AR & A PR WD)
1.2 FiE
12,1 YQI B HAR I 1A S5 W e A

Caco-2 AMBAARINEF5, W] A K LI LA
AR B R A R A5 A, HL LTV 3R T R TR ik
YE, 50 E RSB, ERERILZ
il B A i 3R %z B F (40 P-gp \BCRP \MRP)
S ARt 4D/ N T B i AR BRI AR B4
B Caco-2 2L, 1H AL TTHEUG BP0 T 24 FLAR 0 o
/N B2 d EARBRSREE 28 d S5 A R R
B H, BH  ( transepithelial/endothelial
resistance, TEER) ,TEER = 300 /cm’ Jif 5# &5
AU EE AT, BB AR YQJ 4 AP TR ES A
MRS + VD, 2 AP IRES + MA MR +
VD, 4 FPEERRES + VK, 2 FPBERRAES + CPP 4,
PRI ) A 5 B F- MR B 250 pe/mL i#EAT AR I
[FIE 5 B 25 X4 BR ((blank control, BC) ZH, LA il
) Hanks 2% & ( Hank’ s balanced salt solution ,
HBSS) ik FEVE WL, T /N3 | i A 53 591 fin
2.5.3.0 mL HBSS, 4702, ] T /% i
A 1.5 mL &% 2591 HBSS,NC ZH/A 1.5 mL
251 HBSS, I 1a] A3 4L A MU A 1.5 mL
25 HBSS, fnAESe U5 35 5% 6 h, 37 BRSO B3
W, 8 3 R A A A5 2 A B VR (RL) . B
N E S MR/

PR (%) =
R1(FE i 2H 2 JEC VA M Hh 5 B R BE)
TIAKE it o805 2 -k

1.2.2 YQJ XFBEIh 8% B 152 )

TR 3 dpf IF 8 BE 50 T Hefh , Ebedf (
SERA) $ 30 BB, AN 20 mL, 3alKIE ST
YQJ FPEIRES + AR EE + VD, TR,
HBEA 62.5.125.250 pg/mL ¥, [R]INFAE B IE#
XF B8 ( normal group, NC ) ZH . 45 A Xf B8 ( model
control, MC ) 41 1 B[ £ ¥ W& 40" PH P X+ 18
(positive control,PC) ZH , M ZEK A 1.5 wmol/L
HENT TR ARAR A NC AN AT T b B

electrical

x 100%




342 P [ SEI B R 2026 4F 3 55 34 %5 3 ] Acta Lab Anim Sci Sin,March 2026, Vol. 34, No. 3

BB E T 28 CRIFERHPIFE 2 7 dpf LK
SE AR BT St REA A TR R A e )
TR 10 B BE D fh, BT 3% F AL LT
i iOE Rl el A £ IR B B S A W €
JCRIREE TSR B POF TR EE (S1) , IR %
Bl A,
1.2.3 YQJ X u e 4 M r 52 e

fii 145 30 & 3 dpf/3 mL KR . I B RESL 4 .
YQJ 4 FrERES + WA EE + VD, 4 A7
FREGZH 14 62. 5,125 250 pg/mL W, K2 NC 41 |
MC ZH A1 PC 21, 4% FH H ZE K #2410 pumol /L 85T
BB AR A NC A AT AT b 38, W E = 7
dpf SEER S5, T 9 6 0 I i T L5 Sk 38 Al ¢
JCAFZ IR (S2) IRER A, YIRotE ALK,

BN/ AR RE TR (%) =
S (HEmdl) - s(MC 4)
S (MC 4)

1.2.4 Bk @NF A s s

BAFEA 7.5 mg, TETRIINAE R IE R B4y A B2
NWIEFT DNBSEQ BCAZ B i 571 % Sk 4 SCPE
A, AT B RNA $25(—DNase [ IH1b—
Oligo( dT) #% 2k & £ mRNA-mRNA 1T B — cDNA
— ZHEEA - RKiImE B A" HkiE -
PCR I 3 | [ — SC % it 5 4 I — PCR ™
WE AL — BT, 43k NC 20 MC A YQ)
250 pg/mL 4, 3 MY E, Eid LR
A9 (Q score < 30) , K45 = Fi i RNA-Seq reads %X
PS5 98 47 3 R AL e X, B e R AR KRB D
Tom F 4t o 47 % ¥ b ¥, 2= 5 Rk KW
(differentially expressed genes, DEGs ) #ii % 5% 4 ;
(1) llog,fold-change| = 2;(2)Q value < 0.001,
1.2.5 qPCR SZERI0IIE

i | Universal RNA Extraction TL Kit C &5l
BREUA H PR £ E RNA, 8 3 qPCR B A6
MAE I ZAR a FER (Ba. 1) 47 85 & H 3R
(ep) EHBUEIRE A 1a FEH (corola) K%
AN (cldni) (HIESREEAZEKE T R a
WAL (bmprlaa) B FRIEKF-, IFLL B-Wlah &
FHFEH (B-actin) NS SCHEEIE NS |97 51 L
1, P2 kit T T
1.3 ZHi=FEHHR

i ] NIS-Elements D 3. 20 & 2% & 1% 4 38 %

x 100%

R1OCHEENTIYF

Table 1 Primer sequences of key genes
HE[H 24 FK SIYFSI(5-3)
Gene name Primer sequences(5’=3")
F:TCGAGCAGGAGATGGGAACC
R:CTCGTGGATACCGCAAGATTC
F:TGTGCGATAACTGTCCAGCC
R:CTCGTACAGCCGAGTAAGGC

B-actin

c3a. 1

F:CGCCTGCAAGGACAAGAAAC
R:GCTCACCGAAGTTGTTGGGA

F:GAGAGGACCGCCGATATGGA
@ R:GTAGGTCTGGGTTTCACCTGG
F:ACGGTTTCACAAGGTGGGAG
R:AGCGGAGCCCATCCTTTATT
F:GTTTCACTGATTGCGCTGCT
R:CATAGTCCCATAAAAGCCCGATA

corola

cldni

bmprlaa

P AT IR SR B ab PR ZE S 41 + b
MR ZE (x = sx) Frn, FH SPSS 26. 0 ik 1758
2R, Z 40 [8R 7 225381 Al Dunnett” s T £
5 PISTAEAR H t-test K256, LA P < 0. 05 s H
AgtitEE L,

2 #R

2.1 % Caco-2 S RUITEIE R

RigE 28 d, ME 4 4H Caco-2 4l TEER 14 >
300 Q/cm?, 7 5 B AR SIMBE TR KL S ST, AE LAAH
[F) PR 05 5 VA B EA T 5 FE R TR R, YQJ 4145 5
TFIRCHN 42. 6% , A H Ay B — A A R 5 2 M LA
I 1.70 £5(42.6/25.1 = 1.70) , WIS +
VD, 4 MBS + VK, 4 FERRES + CPP 4]
1 1.59 1. 58 1. 56 1%, WATEIRES + % bR
+ VD, iy 1.33 1%, HIL B HA B EEER
W32, #£H YQJ F= AR HE S B T AR T ik
Py A M FBER
2.2 EEMDAESETEESHERETL

YQJ H m e (125,250 pe/ml) ¥ H A B
AR NSk 5% BEAE A, R B Ul B AA D)
o TRV HEAR . YQU 125 pe/ml 485 % (55
SREEEE MC ZHI N T 38% , A MR A5 4H (13%)
M 25% , AT FRES + AR AR + VD, 41
(21%) 841 17% ; YQJ 250 pg/mL 2H 5 & 10 Sk
AR SRR MC RN T 45% , BT s BR A5
ZH(16% ) ¥4I 29% , AFIETRES + AR EE +
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T2 YQI BHARITAEAAR SN i B rp 15 8 1 iR

Table 2 Calcium ion absorption rate of YQJ and its dismantled formulas in an in vitro intestinal barrier model

T A B SENCIH S BT
- W/ (p/mL) I/ (pg/mL) e
(; ! Calcium ion concentration Calcium ion concentration Absorption
roups in the top chamber in the base rate/ %
solution/ ( wg/mlL) solution/ ( g/ml.)
4]
BC 4 49.50 + 0.23 49.41 £ 0. 06 -
BC group
4
Yo Al 188.00 = 8.97 107.00 = 10.70 42.60 + 4.27
YQJ group
A AE 4]
ﬁ%‘&%fﬂ 239.00 + 4.46 62.60 + 1.37 25.10 £ 0.55
Calcium citrate group
FPIERRES + VD, 4
.T% . v : 215.00 + 3.38 67.10 + 5.91 26.00 + 2.37"
Calcium citrate + VD5 group
FIETRES + WA + VD, 4
o o 5 ’ 200.00 = 2.33 80.30 + 5.24 32.10 + 2. 10™
Calcium citrate + Zinc gluconate + VD, group
FIEIRES + VK, 21
. ﬁ% . v ; 214.00 + 3.02 67.50 = 6.21 27.00 = 2.49"
Calcium citrate + VK, group
s pp 4
FrsEERSS + CPP 4 211.00 + 5.45 68.30 = 4.69 27.30 + 1.88"

Calcium citrate + CPP group

.5 YQI A, M P < 0.01," P < 0.001,
Note. Compared with the YQJ group, M P < 0.01, ™" P < 0.001.

VD, 41(23%) 0 22% , Ll EHWEIS HA BENE RAASFIAT IR ES + WA MR e + VD, TR
225, RWPTE BOEAAEN YOI MBI Tk &3, 81,

&3 YQI MUHTRHIASLIREA R (n = 10)
Table 3 Experimental results of YQJ anti osteoporosis(n = 10)

0 e/ (ng/mL) KBEBEESRE/ AR BB R %
4531 . S : .
G ! Concentration/ Skull density signal Effect of increasing
Toups (pg/mL) intensity/ pixel bone density/ %
4]
ne A 399 690 + 14 990
NC group
MC 4l
MC group 335411 = 14 119
4]
PC Al 5 381285+ 12778" 14
PC group
R 62.5 377 626 = 15 600 13
. . FIz 125 379 356 + 13 984" 13
Calcium citrate group .
250 388 607 + 10 294 "% 16
FEGERRES + W RIMRREE + VD, 4l 62.5 379 078 + 12 537 13
Calcium citrate + Zinc 125 404 716 + 14 621°* 21
gluconate + VD, group 250 413 673 + 13 569" ¢ 23
’ 62.5 381 828 + 13 431 14
YQI Al 125 463 713 + 21 6477 38
YQJ group )
250 485 449 + 18 019™ 45

W5 MC AL, " P <0.05,”P<0.01, ™ P<0.001;5 YQJ 4 125 pg/mL ALt ,*P < 0.05,"P < 0. 01;5 YQJ 41 250 pg/mL AL,
*P<0.05,%P<0.01, (F#£)

Note. Compared with the MC group, “P < 0.05, * P < 0.01, ™ P < 0.001. Compared with the YQJ group 125 pg/mL, P < 0.05, "P <
0.01. Compared with the YQJ group 250 pg/mL, *P < 0.05, ** P < 0.01. (The same in the following tables)
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2.3 ZAWDGELTRBRAESEETH
YQJ v X H AT BH 0 4 v Sk AR R R
SO BEAVE N, PR A PUE s IR, Wk
FEHABE. YQJ 125 pg/mlL 25 81 3k 38 i 956
SREFEE MC 436N T 27% , ki iR AN 4H (3% ) 1
T 24% , AT TR ES + H AW + VD, 4l

(14% ) B4 13% ; YQJ 250 pg/mL 20 BE I £f Sk 35
B TR BB MC N T 32% , AT R IR S
1 (15%) ¥4I 17% ,BATETRES + F A MR er +
VD, 41 (19% ) 341 13% , VA b ity BA W
Z5 ., RFBTETHEMER YQI BB TR
B AEEIRES + MAIPEIRREE + VD, WK 4, E 1,

R4 YQI HUHTRHIASLIREA R (n = 10)
Table 4 Experimental results of YQJ anti osteoporosis(n = 10)

; KA PR/ AR NSRRI
3 {/,&E/( Mg/mL) %nﬁﬁi H )(J‘Iﬁ%th 1%%5 TE}J*ZHUJQ&/%
215 . Head osteogenic )
Groups Concentration/ fluorescence Promoting bone
(wg/mL) intensity/ pixel efficacy/ %
4]
Ne Al 5167 276 + 246 266
NC group
MC 4
MC group 3385 953 + 138 735
Z
el 5 4209 244 £ 115 524™ 24
PC group
I 62.5 3426 270 = 173 044 1
PR 125 3476 954 + 114 565" 3
Calcium citrate group X
250 3 884 801 + 81 616" ** 15
FrERERES + WA BERREF + VD40 62.5 3755 227 + 94 609 11
Calcium citrate + 125 3 847 090 = 66 051" 14
Zinc gluconate + VD, group 250 4036 071 + 85 604 **% 19
ul 62.5 3797 376 + 86 729 12
YOI 4 125 4313702 + 185 822™ 27
YQJ group
250 4 477 098 + 150 850" 32

2.4 ZAMSEERERARESN

AR NC 4 MC 4LH1 YQJ 24 45 LK K ik
LR , BT FPKM JrHrads R34 2822 4~
HEFXAES, LE LK 2, 5 MC 41t
NC 46 340 1~ DEGs, H-rp B 135 4~ I 205
A U 3A, 5 NC 4 HE, YQI A 231 A4
DEGs, FJH 157 4~ N 74 4, WK 3A 6], 43
Br MC 21 NC 415 YQJ 4H=> (Al sc4E , A7 58 4~
DEGs H &, ULIE 3B, XJ Ok 11 AL 1T A
AT, LI 3C, 45 R YQU W] IR &= Hb 26 K A
S DEGs B K K,
2.5 =EMSEERERMN GO 4 KEGG
ST

GO JEH IR A= Py A v 5 PRI R 7= 4 1 ) g
DRIRZR VAW 3 #2 (biological process, BP) A
FE M, % NC 4 MC 45 YQJ 4 3 H3c s
) 58 4~ DEGs #E4T GO Zhfig = &, i & WL 1A

4A, HTEZR YQI JH 1[4 DEGs 5 B 8% % V)
AH DG 1) 38 % A v R 31T AMASIEOG | e S A
A A ) IR Y A % A AR A R RS N A SR 3 L, TR
iF, R KEGG 38 B & 4R 4041 3 A &1 58 1
DEGs, 41 T fi# YQI $i-H FiGi#a DEGs YK i
FEANTIRE, WL 4B, Z5H BN, YQU B A b
AR IR K s 7 A s R R B T I R A A
Mo 28 5 SR AR YQI PUa by 29
e 4 AR 11T A AL R AL 3 i | 3 % PN
SHRIE R R P 5 A 5 BRI 5,3 6,
2.6 —HANSEERERANESERAEBR
B x#EEE qPCR BiE

HMACIBE I 5 3K S 7 A7 5 38 i 1R I S
S RE IR T M B R R S s e 2 —1Y L T
LI % b RN €3 .5 .¢6.¢T .8 .c9 /b F
Horp o3 J& T OB Al R B, P 25 R B R, YQJ
A ZE SRS 3 AENIE 6 NN, I
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100 pum

NC4L MC#L PC4 NCA

NC group MC group PC group NC group

100 um

100 um 100 pum 100 pm

100 um

|

MCH4H PCH
MC group PC group

100 um

Frig R 5 44 Calcium citrate group FrAg 25 2 Calcium citrate group

62.5 pg/mL 125 pg/mL 250 pg/mL 62.5 ng/mL

100 pm 100 pm 100 pm

125 pg/mL 250 pg/mL

100 pum

FrRERRAT + G MR B + VD, FrREERA + Wi iR e + VDA
Calcium citrate + Zinc gluconate + VD, group Calcium citrate + Zinc gluconate + VD, group

62.5 png/mL 125 pg/mL 250 pg/mL

62.5 ng/mL

100 wm

100 pm

YQIZH YQI group
62.5 ng/mL 125 pg/mL 250 pg/mL 62.5 pg/mL

100 pm 100 pm 100 pm

100 pm

TE A A SRS B R AR S ORI B A SEIR AL Sk MR B IR

B 1 YQUI B siAL S i R 2 2R

125 pg/mL 250 pg/mL

100 pum

YQJZH YQJ group
125 pg/mL 250 pg/mL

100 um

Note. A. Signal intensity of skull density in each experimental group. B. Fluorescence intensity of head ossification in each

experimental group.

Figure 1 Typical results of YQJ anti osteoporosis experiment
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Table 5 Main mechanism pathways and key genes involved in YQJ’ s anti osteoporosis effect

W ARl B4 R P1H

Involving signal pathway names P value

A

Gene name

HIMAHIEE 1 2366 S 17

Complement and coagulation cascades

A

Phagosome
BRIET
Ferroptosis
SE AR
Response to oxidative stress
HAh
Others

<0.05

c3a. 1.c3a. 2 .c3a. 6 .¢9 .¢5 .¢fb

c3a. 1.c3a. 2 .c3a. 6 .corola

cp

mpx

cldni .bmprlaa
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2 R LA
Figure 2 Volcano plots of DEGs
A B (6
[ ] [ [ | N .
Up-regulated Down-regulated clins
205 corola
2007 bmprlaa
8 . 135 c3a2
¢ 150 ,
I g (65
S 100 cfb 22
K g | 74 c3a.6 13
#® g P i
Z 50 5
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YQIZH vs. MCZH 9 .
0 YQJ group vs. MC group -23
YQI4 vs. MC4. MCH. vs. NC4L. i

MCZH vs. NC#H

YQIJ group vs. MC group MC group vs. NC group MC group vs. NC group

MCZH vs. NCZH YQIH vs. MCEH
MC group vs. NC group YQJ group vs. MC group

TE: A B3 LIRAT I DEGs MG B 2257 2 N5 RUAL € 11 4SS HZ 4 DEGs I HTIAL
3 NCHL.MC S YQJ 4 3 A2 5 HE R S
Note. A. Numbers of upregulated and downregulated DEGs. B. Venn diagram of DEGs. C. Hierarchical clustering of the key 1

—_

overlapped DEGs.
Figure 3 General analysis of DEGs at the intersection of NC, MC and YQJ groups

R 6 YQI PUH B S HE I I P45 2R

Table 6 Sequencing results of key genes for YQJ anti osteoporosis

log,( MC 4 vs. NC )

Q fE(MC 4 vs. NC &)

log,( YQI # vs. MC #1)

QME(YQJ 4l vs. MC 41)

éﬁ log,(MC group vs. Q value( MC group wvs. log,(YQJ group ws. Q value (YQJ group vs.
NC group) NC group) MC group) MC group)
c3a. 1 -2.213 05 6. 74e-06 2.757 71 6. 94e-14
c3a. 2 -2.130 69 4. 09e-04 3. 652 08 9. 44e-18
c3a. 6 -2.041 55 3.03e-08 2.128 42 3. 14e-13
5 -2.425 20 6. 37e-05 2.23501 8. 32e-06
ofb -2.124 09 3. 44e-04 2.347 11 2. 11e-21
corola —22.347 79 1. 09e-06 21.882 59 6. 31e-06
cp -2.138 50 5. 14e-13 2.074 69 2. 11e-09
mpx -2.587 67 4. 18e-05 2.488 19 2. 10e-11
cldni -21.950 80 1. 77e-06 21.021 98 3.53e-06
bmprlaa =7.272 91 4. 07e-05 7.598 33 4. 59¢-06
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A

P

P value

AMAHE Complement activation 0
AL AAC L 2945 Regulation of hydrogen peroxide metabolic process @ 001
XTANEA Y 2% Response to bacterium -
VYK 1L 1) 6 i4% Negative regulation of endopeptidase activity R
2 2 AT SR Cellular response to estrogen stimulus 90
JRIRE [y £ % Negative regulation of exocytosis 0.04
k%5 7iL# Iron ion transport 0.05
57§45 Iron ion homeostasis 0.06

MASGE, B 1Ci&1% Complement activation, alternative pathway ()
Bifl 2 8. Defense response D
KRR B 2 R Response to oxidative stress G ";"“hc'

el i A411- Phagolysosome assembly ° : ¥

E W41 % 7 Megakaryocyte development [ ] 3

HELIZZAWIERFE Positive regulation of histone deubiquitination [ ] o,

HIESL Inflammatory response| o;

HUE AR Antibacterial humoral response @®°

14430 %2 7 Endocrine pancreas development

T i & A 40K S Cellular response to prostaglandin stimulus
ANIESILAFEE Cellular oxidant detoxification
A kaAs Cellular homeostasis

0 0.102030405060.7
AP Rich ratio

A GO Tl HE B 4250 B KEGG J e & 2 50T

B
Pl
" - P value
AMARIEEL 2L Y. Complement and coagulation cascades-| . 5
LA Y Staphylococcus aureus infection - .
RAHELHERE Systemic lupus erythematosus | (@) .
FEARFHEHHICOVID-19 Coronavirus disease-COVID-19- (@) 002
FHY Pertussis| @ 0.03
IR Asthma [} 0.04
#IEfR Phagosome- @ 005
AN Legionellosis{ @ 006
TEHETENT Alcoholic liver discase -| @
FIH 2% Leishmaniasis- @ A
PPERCAN AR BEE K Neutrophil extracellular trap formation-| @ Gene number
HLAli R ALY Herpes simplex virus 1 infection-| @ ;2
I I P &3¢ Kaposi iatod | infection-| @ o5
oMW Chagas disease| @ o,
4i#% Tuberculosis (B
#kAET . Ferroptosis ° @
WZEFVERC -S4 HAEFH Neuroactive ligand-receptor interaction
Wi HEEUE Viral carcinogenesis
405 Renal cell carcinoma-| @
EBICHR Shigellosis
0 0.02 0.04 006 0.08 0.10

WA Rich ratio

4 NCZH MC 415 YQJ 4 3 2354 DEGs H il B% 5 42 /3 b

Note. A. GO pathway enrichment analysis. B. KEGG pathway enrichment analysis.

Figure 4 Pathway enrichment analysis of DEGs at the intersection of NC, MC and YQJ groups
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Note. Purple box represents genes with differential expression. (The same in the following figures)

Figure 5 Complement and coagulation cascades mechanism pathway ( KEGG ;map04610)
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Figure 6 Phagosome mechanism pathway ( KEGG :map04216)
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