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Abstract: Objective To study the effect of Yingiao San (427, YQS) and its decomposed recipes on the activation and transcriptome
of natural killer cells infected with influenza virus. Methods In influenza virus PR8 (A/Puerto Rico/8/1934, HIN1) infected mice (n =
10), ribavirin, YQS, Monarch drug (Lonicerae Japonicae Flos and Forsythiae Fructus), Ministerial drug (Menthae Haplocalycis Herba,
Arctii Fructus, Sojae Semen Praeparatum, and Schizonepetae Spice), Assistant drug (Platycodonis Radix, reed root, and Lophatheri
Herba) and Guide drug (Glycyrrhizae Radix et Rhizoma) was administrated orally for 5 d. The body weight and lung weight of the mice
were measured on day 5, and the pulmonary inhibition rate was calculated. The lung was fixed and pathology was analyzed (HE
staining). PR8 virus was used to infect C57BL/6J mice (n = 3). The above drugs were administered orally for 5 d, and the lungs were
extracted on day 5 to prepare the white blood cell suspension. Flow cytometry was used to detect the content of the natural killer (NK)
cell surface activating receptors Ly-49D and Ly-49H, as well as the content of the NK cell cytotoxic receptor NKp46. For further
exploration of the interaction between the drug and virus-infected NK cells, an in vitro assay was conducted. The NK-92MI cell is a
human natural killer cell line. The cells were infected with H3N2 (A/Hong Kong/8/68) human influenza virus and were used to compare
the effect of YQS and its decomposed recipes on its transcriptome. Results The results showed that YQS and its decomposed recipes
had a certain inhibitory effect on the pneumonia of mice caused by PR8 virus infection. The inhibitory effect from strong to weak was:
Ministerial drug > YQS > Guide drug > Monarch drug > Assistant drug; There was a statistical difference in Ministerial drug and YQS
group compared with virus infection group. On the influence of the content of the lung NK cell activating receptors Ly-49D and Ly-49H,
YQS and its decomposed recipes could both increase the expression of the two receptors, and its promoting effect from strong to weak
was: Ministerial drug > Guide drug > YQS > Monarch drug > Assistant drug; there were significant differences in YQS, Monarch drug,
Ministerial drug and Guide drug groups compared with virus infection group. In combination with the above two indexes, the efficacy of
Ministerial drug was similar to that of YQS, and slightly better than YQS. Moreover, for the content of cytotoxic receptor NKp46 in
pulmonary NK cells infected with PR8 virus in mice, Ministerial drug also showed a good induced effect. HE staining of the lung
showed that mice infected with PR8 virus treated with Ministerial drug had intact lung structure, and no inflammatory cells or red blood
cell infiltration were observed in alveoli or bronchial lumens. Transcriptome analysis showed that the targets of Ministerial drug on
virus-infected NK cells not only included the acting sites in YQS but also included the acting sites not involved in YQS. Conclusion
For mice infected with influenza virus, Ministerial drug showed a similar or better efficacy than YQS, which may be related to the wider
regulatory effect of Ministerial drug on NK cell activity than YQS.
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Fig.1 Effect of Ministerial drug on pulmonary pathology in mice infected with influenza virus PR8 (HE staining, x 200)
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Fig.2 Flow diagram of NK cell activating receptors Ly-49D and Ly-49H in mouse lung of each group
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Fig. 3 Effect of YQS and its recipes on expression of cytotoxic receptor NKp46 in pulmonary NK cells of mice infected with

influenza virus PR8 (x £ s,n=3)
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influenza virus
*3 GO EESHhEHMIRBRARER LRMER
Table 3 Same up-regulated genes in Ministerial drug and YQS group based by GO enrichment analysis
RIS FH%H LA A R

Wt FE  intrinsic  apoptotic  signaling pathway in DDIT3. TRIB3. PPPIRI5SA. BBC3
response to endoplasmic reticulum stress

response to cAMP FOS. AREG. JUN
skeletal muscle cell differentiation FOS. EGRI. EGR2. ATF3
response to endoplasmic reticulum stress DDIT3. TRIB3. PPPIRI5A. TXNDC5
ML 5> transcription factor AP-1 complex DDIT3. FOS. JUN
nucleus CACNAIA. DDIT3. FOS. TRIB3. SLC342. ZC3H6. AREG.

EGRI. EGR2. TNFAIP3. SESN2. SGKI. ZFP36LI. JUN.
ATF3. NR4A42. NR4A3

nuclear speck SGK1. NR4A42

cytoplasm PSAT1. CACNAIA. DDIT3. PPPIRI5SA. FBX0O32. EGRI.
EGR2. TNFAIP3. SESN2. SGKI. ZFP36L1. RGS16. NR4A2

cell surface VCAMI. SLC3A4A2. HRG. AREG. KCNE2. SLC7A411

transcription factor complex JUN. NR4A2. NR4A43

lysosome ARRDC3. KCNE2. BBC3

7+ ¥II6E  transcription factor activity, RNA polymerase Il  FOS. JUN. ATF3
proximal promoter sequence-specific DNA

binding

RNA polymerase II transcription factor activity, DDIT3. FOS. EGRI. EGR2. ZFP36L1. JUN\ ATF3. NR4A2.
sequence-specific DNA binding NR4A43

RNA polymerase II regulatory region sequence- EGRI. ATF3. NR4A2. NR4A43
specific DNA binding

DNA binding transcription factor activity DDIT3. FOS. ZC3H6. EGRI. EGR2. ZFP36L1. JUN. ATF3

RNA polymerase II proximal promoter DDIT3. FOS. EGR2. JUN. ATF3. NR4A42. NR4A3
sequence- specific DNA binding
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AT

DDIT3. TRIB3 , BBC3.
PPPIRI5A. TXNDC5
FOS. AREG. JUN-
EGRI. EGR2. ATF3.
SESN2
RASA3 CACNAIA. SLC342.
ZC3H6~ TNFAIP3.
ZFP36L1. NR4A2.
NR4A3. PSATI HRG-
FBX032. RGS16-
VCAM1 . KCNE2 .
SLC7A411. ARRDC3

PAK2 . KAZN -
BTBDS8. SOX35.
PAX2. PMAIPI
EML5. BTBDS.
FSCN2. DNAHI12.

SGK1

izk2)

ERNI. MAFF. FOSB. DUSPI.
ARRDC3. HBEGF. TIGIT. CREM.
DUSPI10- TRIM69~ STKI17A~ DMRTAI~
DMRT3. TKILI. PPP2R3B. CLKI. DUSPI6.
PPARGCIA. TSC22D3. GLISI. MYOI6-
RUNXITI ZFP36. ZNF460. CREBRF.
BATF3. ISL2. PHACIRI. PELIl. MTUS2.
TNKSIBPI. EGR4. ZNF157. BCL6- PKIG.
PHLDAI. ZFP36L2. RGSI3. ZNF333.
FOSL2. ARID5B. PMAIPI. EPCI. VEGFA-
IRAK2. GARS- AARS. MURC. FRMD4B-
CCDC81- FBX032. CRAS. PRUNE2.
PRDMI. MEDAG. LVRN. CCL3.
ALPK2. GDAPILI. TCTN2. LZTS3.
TTC25

5 SRAHMEZREMERE DRERELKE hEERLERE

Fig. 5 Venn diagram of genes in same up-regulated genes items of Ministerial drug and YQS groups

F4 GO BELNPRBUMEHEFRE LFEERE

Table 4 Different up-regulated gene entries in Ministerial drug and YQS groups based on GO enrichment analysis

Al ANF LR % H

AL release of cytochrome ¢ from mitochondria. regulation of DNA binding transcription factor activity. reactive
oxygen species metabolic process.amino acid transport. aging- protein kinase B signaling- protein-DNA complex .
Golgi apparatus. endoplasmic reticulum. transcriptional activator activity, RNA polymerase II proximal promoter
sequence-specific DNA binding. transcription regulatory region sequence-specific DNA binding. transcription
regulatory region DNA binding. RNA polymerase Il activating transcription factor binding. GTPase activator
activity

Fz5 negative regulation of transcription by RNA polymerase II. nuclear-transcribed mRNA catabolic process,

deadenylation-dependent decay. 3'-UTR-mediated mRNA destabilization. negative regulation of smooth muscle
cell proliferation. positive regulation of nuclear-transcribed mRNA catabolic process, deadenylation-dependent

decay. cellular response to tumor necrosis factor. platelet alpha granule lumen. secretory granule. cytoskeleton.
mRNA 3-UTR AU-rich region binding . MAP kinase tyrosine/serine/threonine phosphatase activity -
transcriptional activator activity, RNA polymerase II transcription regulatory region sequence-specific DNA

binding. protein homodimerization activity. protein phosphatase inhibitor activity

£ GO BHEAMM FAERERELAHY, BEAHE
£330 MEH, BB EER 10 M6H, B
R H ILER 5. HA Y nucleus 2% H 5 2520 4H
H, FEZNIZ&EFM 51 AR (FOXD4LI.
EID3. SSH3. CCNEIl. CENPBDI. SYCP3. PER3.
CDKN2C. HSPAIB. PHF13. HEXIMI. FIGNL2.
TREX2. ZNF296. ZBEDI. UBC. H2AFX. CBX2.
NFKBIE. RBMI4. TUBB2A. HSPA5. TUBB4B.
FENI. FBXO43. FAM71F2. CABYR. EID2B. TEF.
GADD45B . ATF5. BCLI9L. CEMIP. MYLK2 .
ZCCHC5. PHF7. SERTAD3. FOXD2. FOXD4.
TUBAIC. IMP3. TIGDI. TIGD3. TIGD4. TBRI.
FOXJI . DYRK3 . ZFC3HI . UTP3 . RARG .
HISTIH24G), HVMEUN R IiZ%& H i 5 NEEA

(FOXDA4L1. EID3. SSH3. TRIM22. AKAPI74).
343 ZERIERH KEGG EHE4HT FIH KEGG %
I 22 S R AT M5 5 1B S (pathway) 43#T, W]
DLk B & 42 T I N pathway 25 H, FHRAEFRE
A P 22 5 2 DR T B R L B R O A . FEE R
) 22 S B . 35 BT 20 (Top 20) 4415 5@k, 41
FRAME 25 A 13 Sl ES, WK 6. HFE
T AT KB LR, E A R AR TR
T R, HLE 2520 FR g SE R A H R
B (F6). HAMAEEA E LB FGE
SR 7.

£ KEGG & 431 Top 20 TS SiEikt, 41
FURCZEAL & 4L 3 17 2645581 ; H A, {X necroptosis
13 5 I A B EROR O R 251815, AR 8.
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#z5 GO EENHPRMHMEZAETHAERLE

Table 5 Down-regulated gene entry in Ministerial drug and YQS groups based on GO enrichment analysis

il H K% H

FRRHK regulation of transcription, DNA-templated. transcription, DNA-templated. cytoplasm. plasma membrane. integral
component of membrane. nucleoplasm. cytosol. nucleus. metal ion binding. protein binding

E7 microtubule-based process. negative regulation of transforming growth factor beta receptor signaling pathway.
chromatin silencing. mitotic cell cycle. negative regulation of transcription by RNA polymerase II. canonical Wnt
signaling pathway . humoral immune response. meiotic cell cycle. chromatin organization microtubule cytoskeleton
organization. extracellular vesicle. vesicle. endoplasmic reticulum membrane. external side of plasma membrane.
cytoskeleton. microtubule cytoskeleton. mitochondrial outer membrane. transcription factor complex. cellula
component. nucleus. transcription regulatory region sequence-specific DNA binding. structural constituent of
cytoskeleton. GTPase activity. ATPase activity. unfolded protein binding. GTP binding. transcriptional activator
activity. RNA polymerase II transcription regulatory region sequence-specific DNA binding. ubiquitin protein

ligase binding. RNA polymerase II regulatory region sequence-specific DNA binding. nucleic acid binding

*6 KEGG EEThiREBMMEAAERE LRESEELER
Table 6 KEGG enrichment analysis of same up-regulated signal pathways and genes in Ministerial drug and YQS groups

(ERepilc B
colorectal cancer AREG. BBC3. FOS. JUN. PMAIPI
apoptosis BBC3. DDIT3. FOS. JUN. PMAIPI
rheumatoid arthritis CCL3L3. FOS. JUN
TNF signaling pathway FOS. JUN. TNFAIP3. VCAMI
HTLV-I infection ATF3. EGRI. EGR2. FOS. JUN. VCAMI
p53 signaling pathway BBC3. PMAIPI. SESN2
salmonella infection CCL3L3. FOS. JUN
IL-17 signaling pathway FOS. JUN. TNFAIP3
AGE-RAGE signaling pathway in diabetic complications EGRI. JUN. VCAMI
chagas disease (American trypanosomiasis) CCL3L3. FOS. JUN
Toll-like receptor signaling pathway CCL3L3. FOS- JUN
MAPK signaling pathway AREG. CACNAIA- DDIT3. FOS. JUN
fluid shear stress and atherosclerosis FOS. JUN. VCAMI
AR A ik21)
SLCiA2. TINDCS, PAIbi + ppiTs.  CCL CCLALY: NG,
CD70. INHBE B VEGrd. FOSB. ERNI.

B N | DUSPI. ZFP36. DUSPIO.

JUN- EGR2+ SESN2. DUSPI16. CREM
CACNAIA

6 SRAELAE 2B EE LIS SR T R E 04 E E

Fig. 6 Venn diagram of genes in same up-regulated signal pathway of Ministerial drug and YQS groups
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#7 KEGG BEENHHIREMMELERE LIFES @R
Table 7 Different up-regulated signal pathways in Ministerial drug and YQS groups based on KEGG enrichment analysis

R (EReplilE

HUMABL T cell receptor signaling pathway - hepatitis B mTOR signaling pathway protein processing in endoplasmic reticulum.

viral carcinogenesis. cytokine-cytokine receptor interaction. pathways in cancer

FZ osteoclast differentiation. aminoacyl-tRNA biosynthesis. amphetamine addiction. leishmaniasis. ErbB signaling

pathway. morphine addiction. cAMP signaling pathway

&8 KEGG B4 IREMMEAETIFHESERE (7720)
Table 8 Down-regulated signal pathways (Top 20) in Ministerial drug and YQS groups based on KEGG enrichment analysis

A5 (ERepiili]

AR HK glycosphingolipid biosynthesis-lacto and neolacto series. glycosphingolipid biosynthesis-globo and isoglobo series.
glycosphingolipid biosynthesis-ganglio series . nicotinate and nicotinamide metabolism. starch and sucrose
metabolism. fanconi anemia pathway. taste transduction. choline metabolism in cancer. pyrimidine metabolism-
glucagon signaling pathway. insulin resistance. insulin signaling pathway. cell adhesion molecules (CAMs).
necroptosis. purine metabolism. Axon guidance. regulation of actin cytoskeleton

E7 pathogenic escherichia coli infection. gap junction. basal cell carcinoma. adipocytokine signaling pathway. antigen
processing and presentation. apoptosis. breast cancer. gastric cancer. phagosome- cushing’s syndrome- sphingolipid
signaling pathway. cell cycle. systemic lupus erythematosus. mTOR signaling pathway. hippo signaling pathway .
human papillomavirus infection. necroptosis. hepatocellular carcinoma. HTLV-I infection. proteoglycans in cancer

4 g inhibiting receptor, KIR), ‘E143 315 NK 41

AW, SRR IR T I0 T R EE T 4
R N 2 > BB > 2 > B >, 2
RemEIAESHE. B . ERPAmmEeee
— e RIEAERTHE 2, BB G RAERE .
WERS A B 24 AT AN A S5 TR U IEFSL H
fire R, FRITTRERIVR TSR R B s Ve 25 iR Tt
PR RV, RERE S R A AR 2
NAREERIE L, Atz T WL
AT DU W, SRR I Dh RO 4 T AR 24 2
FHURTE . PUERER, AR S AT
A58 R AEANR G R 254, HTh ROk
i VIR BRI PO R PR AITER . %
Prvey RN REACA EIAVE T, RS RS B
W% (/R I, EAR 26 B 20T 0 8 1 AR H o (4 Y A
NIz, BFEREIETR. PURTE. PUR. PiR. H
W% FEBESEAE AN SR B B o R 2
R MCAL A TIR S, ReWs IR & RO 2 X =TT
AR TR IR

NK 20 S 235 bR B 75 vh R 58 SRR HT
N NK IR THARAE 2 320K WOE 1 32 44 (killer
activating receptor, KAR) Rl 4 524Kk Ckiller

(R AN . 5 AN3S NK g AReL, /N NK 20
Mo thAFAEIX 2 28524k, BEFEIEse™, /) R g
BN EE IS, Ly-49 $i 1244 (Ly-491 #1 Ly-49Q)
R (1) /)N R LU Y 2 B /N BRAF VI () B A 17 24 [l b
FIA Ly-491 il Ly-49Q ZAkJ5, /NS T XA
JER BEFRBUBE . $R78 NK 1S 5 380 B2
WA, Ly-49 ZAEHESE T NK 40iE BRI«
995 7 1) G 28 BB AU

Ly-49 J:[R 52 AR 32 BERIETE /N R NK 41,
& C BIBHERMKIEN 12 —. Ly-49D =& Ly-49 %X
A — AN E SRR TS S R a1,
JBT KAR 321K, Ly-49D 2RSS 1427 2k 8
sl NK 4iffeigth, SEm{e i NK 40 R4 515
RBL. PR Uit /Bi 8 YL B N Ly-49D A
SO A 4T PR T AR Ak B e A T

Ly-49 H /& Ly-49 SR 1 — AN uE =2 4k, H
WSSOV NK 40 iR TH S L B 5 DAP12
(DAP12 IR A b5 52 R I S BRI 27D
T o Ly-49H [MH00 FE 80N B 7R LT/ B 41
J% # (murine cytomegalovirus, MCMV). #ix
Ly-49H 321k {63 KN BRE A 5 kg MCcMvPl,
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X Ly-49H-DAP12 24k 55 & W) R AL 1) /] 5K 4L
MCMV I, JEAEPE 233% BE 3G N 30~40 %, HIER
BRI FERG N 2~5 %, HFFAE NK 40i7=2E y TR
(interferon-y, IFN-y) BILLHIFEK T (56.00£0.22) %,
Pi I Ly-49 H {0 1E 5 AL X ] MCMV FL AT 5 5 4E
FIUS, G TR, Ly-49H 324355 R RPN
NK 41 g £ 76 /I B bk B 41 230 Al bk B2 40 4317 76 5
Hi 78 MCMV B3N R E ], 2 R g
MCMV B, Ly-49H SZ4AZIA SRR NK i 2
e FE O, T R A BBURE R A A T
XATHE 7 AATT NK 4 fEfE g L ERTIAIR: NK
YN Z 5 B 5 I B 1) [ e N2y, i ELIR]
PS5 T RS RIENE . KT Ly-49H ZARTENR
BIRERHIIER, BTSSR WA S SCIRIRIE . AH)T
FiH, PR8 VLEIH B GLAE Ly-49H SZARLEN T
VERMEK, APU R AR E SRR EU R

P (EZy. fizh. BZMEZD BITE, Ly-49H
ARG B 0L, X250 O B PRS
SR G| LI /)N BRI 28 A IR . BB 25 % i
P PN VE AT G E S Ly-49D. Ly-49H & &
PPEE 1 B AR — 30, HAER SR N 2 > 4]
TR 2> B 25> e 24 Wi I R 25959 2 P il
RAMEE R SR, NK 400 244 (L-49D
A Ly-49H) £ M o i 2 S Bk s

NK 41 i (40 35 208 /2 NK 48 i 547 #1410 i
(PEE R, SN FEE A AN T A
KEERH 3 P EEEZk: NKp30. NKp4d A
NKp46. 7] 55 NK 20 ffd i 20 ff #8514 55 B NKp46 /1
55 /NP NKp46 MFRAE NCR1(natural cytotoxicity
receptor 1). NKp46 1R 313 8o 2 g =™, i NK
1 0 fi % 1 315 T R ) AN B, B T 5 4% B T i
97 1 B T R e g R . AR T R gk
KN H (green fluorescent proteins, GFP) 75 &
RIAR I ) NKp46 3277 ER NK 4, A IAE /)N BB
JLU B EE PR JE I S d W, Ml M. FEAEAD
HREYIER] GFP, HJlE GFP #iE k%, ik
55 RIVEEETHT 4 ds JFIE NKp46 Xf Tk A
TR BT B R AT 1 s R AR E,
BUITAEH NKp46 52K Gx PRS Ji/sm 28 & =4
i, HUBECR R 2535 e i NKpd6 ZAAR & &, 1X
A 2 HR M HORT B 2540 ) /s BRUER G PR 3 2 5| il
RIWERBRZ —.

AR T BN R SR F/EH

B (NK 20 B0 4 52 AR A4 i #5032 44O 2 J5 1
UESE: BB R GR35 mERL
THED B2 R0 B T AR, HRS AL T AR AL
ORISR A T AR B AR, FZT
DAy — MRS 9 52 77 F T 25 51 R O RCE 1Y
BT . AT B IRARE AT MBI RRE, &
SIS T NIUEHI R HK8 B N NK 40 i bk
NK-92MI 4RI, 73 51 DLHRGE SO b 24386471
T, S dT Z94% NK 4156 s 4L 52

HRE IR 25 B A Ak DR B 25 A A A
B BARZFEEAER 0T G B, TR EA
REM % LR SO (1 500 Won 2 i & 1 o)
fszm, ARG 6 N (VCAMI . SLC3A42.
HRG- AREG. KCNE2. SLC7A11), T2 Rkt
8 VEGFA. HBEGF. TIGIT 3 M. T 4
P& BR AR N G 2 52 A I 2 TR L 410 o) ik e 45 A 38
( T-cell
tyrosine-based inhibitory motif domain, TIGIT) s&—
T B (AR 1 32 4, 72 T 4HMFT NK 40 356
k. TIGIT 4wt & B A B T4 B T 4a g Ay
FOIRGH M AR AR, DAY TS T 40 B
A . TIGIT BEAE SONFNHITESZ A, (HHT
FEFRMT, NK 4 I TIGIT 52 A A BH M i B 4 A
ZIN RN B AR S S 58, T TIGIT ARk 2
1 E NK 401 /9 “ missing-self 7 5 T g .
TIGIT-CD155 {5 ‘5l % A 45 NK 2 fitd 5 4p i A Ay
RN A S 5 B G e A S N, T IX — il e A
T FEHAHNMAENEE &4 T (major
histocompatibility complex I, MHC 1) 284 [HT 1
NK 40 A s ) i 122,

FHWA XS FIEEN “RNA polymerase 11
regulatory region sequence-specific DNA binding” 4%
H HEEUE 2 1M 4 D EEKRI(EGRIVATF3 . NR4A2.
NR4A43), Tk Zjkx LR 4 DEF L, [FRfE b
GLISI. CREBRF. BCL6. CREM. FOSL2. ARID5B
6 MNIEEH . W cAMP S B o T (cAMP
responsive element modulator, CREM) Zifl 1) 5 H
fe M SR LT, BEWE A S0 B A IR R
(cyclic adenosine monophosphate, cAMP) i i ye 44,
T LB 2 0 PR A ok o B2 1 R 4 IR 2. FOS
KPR 2 (Fos-related antigen 2, FOSL2) #ht 155
Fogse @ Rh i, Er LS JUN KR & A TE
B ERAK, IR R 7 2 &Y AP-1, TS

immunoglobulin and immunoreceptor
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