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Abstract: Objective The study employed bioinformatics to identify prognostic genes associated with pancreatic adenocarcinoma
(PAAD) and predict Chinese medicines and active ingredients that regulate these genes. Methods The integration of data from the
TCGA, GTEx, and GEO databases was conducted, then screening the prognostic genes through differential gene analysis, COX
regression analysis, and survival analysis. The subsequent step involves prognostic efficacy analysis and a verification of the expression
trends of the identified key genes. Concurrently perform gene ontology (GO) functional and Kyoto encyclopedia of genes and genomes
(KEGG) pathway analyses, as well as gene set enrichment analysis (GSEA), to identify potential pathways and biological processes.
The impact of feature genes on the infiltration status of immune cells was analyzed, and their correlation with immune checkpoints
was further investigated, and tumor immune escape capacity and tumor mutation burden were predicted. Validation of gene expression
patterns at the single-cell level. The DSigDB, CTD, and HERB databases are used to predict the potential active ingredients of Chinese
medicine and perform molecular docking. Additionally, pharmacokinetic analysis is conducted using Swiss ADME and prediction and
analysis of Chinese medicine by Coremine Medical database. Cellular experiments were conducted to validate the regulatory effect of
the key active ingredient on the characteristic gene. Results The investigation ultimately led to the identification of the key gene
interferon alpha inducible protein 27 (IFI27), which exhibited significantly elevated expression levels in PAAD tissues. Patients
exhibiting low IFI27 gene expression demonstrated superior overall survival. Enrichment analysis indicated its potential involvement
in various biological processes, including apoptosis, ECM-receptor interaction, regulation of T cell activation, macrophage migration,
and signaling pathways such as PI3K-Akt and NF-kB. Immune infiltration analysis indicates that IFI27 may regulate the infiltration
status of various immune cells, such as B cells naive, T cells CD8*, T cells regulatory (Tregs), and macrophages M0, suggesting that it
has an important function in regulating the tumor immune microenvironment. Meanwhile, the expression of IFI27 showed significant
positive correlations with multiple immune checkpoint molecules. Further studies have revealed that low expression of IFI27 is
significantly associated with the response to immunotherapy, supporting its value as a therapeutic target. Single-cell RNA sequencing
verified IFI27 upregulation in PAAD, pinpointing its expression to macrophages and other immune cells. Experiments confirmed that
fisetin significantly downregulated both mRNA and protein expression levels of IFI27 in pancreatic cancer cells. Furthermore, a total
of 22 Chinese medicines, including Jianghuang (Curcumae Longae Rhizoma), Zaojiaoci (Gleditsiae Spina), and Yujin (Curcumae
Radix), were predicted. The four gi encompass cold and warm, and the five flavors are primarily bitter, sweet, and pungent, with a
focus on the liver, spleen, and stomach meridians. The main effects are activating blood and resolving stasis, moving ¢i to relieve pain,
and clearing heat and detoxifying, combined with tonifying and inducing diuresis. Conclusion The results of this study imply that
IF127 may serve as a prognostic gene related to PAAD immunity, while fisetin and various Chinese medicines may serve as potential
therapeutic drugs.
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Fig. 1 Research framework schematic diagram
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v ® , ABScript Neo RT Master Mix =
RK20433).2X Universal SYBR Green Fast qPCR Mix
Be'5 RK21203) M B 5% 28 e AE VIR TR
AT, TFI27 (3¢5 ER60299) T4 H R AR
FRAF], TGLER A BUAHAT 7> B E SR HE (prestained
protein marker X, 525 G2091-250UL). TR H yh 1%
e = ( reduced glyceraldehyde-phosphate
dehydrogenase, GAPDH, %%'5 GB15002-100) ¥ H
RO RAEMBHCA R AR, F P e bR
1 G (immunoglobulin G, IgG, %25 AM-RaHRP-
01000, Pt 1gG (185 AM-MuHRP-0100) ¥
H B & e =V BARF IR A
1.10.2 i EESEEG (CCK-8 ¥5) K PANC-1 4
FRIERT 96 FLIR, IS ASFRRIZ (04 12.5,
25, 50 75 100 150 200 umol/L) #2114 77
VRALFE 24 h, Ll DMSO Axfi. KH CCK-8 ik
oM 40 % 77, VHECEEGN SR (half maximal
inhibitory concentration, 1Cso) MV #51%H K
(sub-toxic effective concentration, ICzs).
AHPINHIZE =1—(4 s — A 2e)/(A wn—A 20)
1103 SEI 5O € B R A i EE U M (real-time
fluorescent quantitative polymerase chain reaction, RT-
qPCR)  SEIGAr NXFHEZH . 1Cys 2. ICso 41, XFHR
NN E AT DMSO [R5 IR, 1C2s 411 ICso 41
I3 AN E 1Cos M ICso ML B BL R IR IR, K7
24 h. fili ] TRIzol {24 AHANNL M RNA, [
3N cDNA. KA SYBR Green 71T RT-qPCR,
LA GAPDH JyNZ5EH, 73 HT IFI27 mRNA AHXTEE
BE. SIMFIE 1.

&1 319575
Table 1 Primer sequences
E YRR 1 (5°-3%)
IFI127 F: CTCCTTCTTTGGGTCTGGCT
R: TGGTCACTGCTGATGAGGTG
GAPDH F: AATGGGCAGCCGTTAGGAAA

R: GCCCAATACGACCAAATCAGAG

1.10.4  FEEGEEENER  fkE Bk 3 A4,
PR A, &1 e R BN -5 T4 M5 Tk B S F
7k ( sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) 5% % PVDF Ji&, fif
M TFR27 —Hi Xk — 3 E, L GAPDH ANZ, H
122 KRG SR TF127 8 R IB K

2 2
21 EFFEEAS

Xf TCGA-GTEx &£ THURTE B fE, K15
177 BRI REAS 171 1) 1E 5 B AREH 41 . X GSE62452
A1 GSE28735 Bl (R AT E B Ve 5, K1 114 H
R REAS A 552020 106 1. Ho, GSE62452 %%
PEIET GPL6244 “F- 5, fF 69 I MIRFEA I 61
Bl 55 24024 ; GSE28735 Hidls 424E T GPL6244 T &5,
05 45 GIPRREAR K 45 Bl 5544, ARG AT 2
5311, TCGA-GTEx ##i4E % & log,FC|>2 [FC
FoRZE 5% (fold change) ] HI#E P<<0.05 N
i, % ZERIERE 1295 4, Ho FiEKEER 643
AL FIEFER 652 4~ GEO HiE4E PAllog,FCI>1 H.
WEE P<0.05 ABIME, %xZEREE 307 4, Hf
FIAEE 186 AN, FUAEER 121 4, JRedd] 7 ER
Fp kol B A (] 2-AL B). 2 H2E SRR RIEL
TEEILIRAT 229 ML (] 2-C)o X 229 MEH
TR R Cox [FIAHT, FRiEH 52 NS AH
KEE (F 2-D); #E—B5%t 52 ANTGE AL RAE
ZHZE Cox BT, HEHREL 8 N ICHEEEA
IFI27. ®4 % B6 W (integrin subunit beta 6,
ITGB6). #Fi%EfH 1 (fibronectin 1, FN1). VIIT %
iR ol & (collagen type VIII al chain, COL8A1).
R AR F (epidermal growth factor, EGF).
NADPH [ fii & B 1 [ NAD(P)H quinone
dehydrogenase 1, NQO1 ], #ifgfigHs 1 (sulfatase 1,
SULF1). AR LB )5 M5 (plasminogen
activator, tissue type, PLAT) ([ 2-E).
22 EHESMAMERETEYEERFIAEHLIE

5T TCGA-GTEx AT A7 A vFAh 8
M REEERTE PAAD WS A, JfilEid ROC
2% 2 BT VA R ) UG AR . A BT B 8 S e
FRH, TFI27 Al ITGB6 #:RMRFIALM B KB4
FWEZER T ERIEA (B 3-A. G). ROC Mk
7~, IF127 F1 ITGB6 [ AUC 1575115 0.984 (95%
CI: 0.971~0.996) F1 0.931(95% CI: 0.895~0.966),
JLFE 3-B. H; B [EMKHME ROC 43 #rRBH, TF127 7
1. 2. 3 4F[%) AUC {E 435315 0.6+ 0.7 1 0.73, ITGB6
43918 0.68 0.68 f10.8 (K 3-C. . ZEHELE
ST R I, PAAD 4417 IF127 F1 ITGB6 Rk /K
PREEETIEEHALEH AL (K 3-D. E. I,
K)o [N ABL, BEEZIRFERE (TNM 788D,
IF127 ik B BT, 1 ITGB6 ik A W
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A
O i C D FETA] HR Tower 95%CI_upper 95%CI P
'4-~ e ANLN 1690 1371  2.082 . 0.000
DLGAPS 1.867 1440 2421 . 0.000
2 ITGB6 1.447 1234  1.696 - 0.000
0 TPX2 1.679 1340  2.103 . 0.000
> LAMA3 1484 1246  1.768 . 0.000
TOP2A 1775 1372 2297 B 0.000
4 KRT7 1309 1.157 1482 B 0.000
6 NTSE 1586 1276  1.970 . 0.000
TCGA-¢ LAMC 1344 1.168  1.546 . 0.000
COLI7A1 1241 1119 1375 . 0.000
GEO MKI67 1.626 1287  2.054 . 0.000
200 ENPF 1741 1330 2278 . 0.000
PLAU 1370 1.171  1.604 . 0.000
AST 1514 1226  1.871 - 0.000
150 . ITGA2 1550 1239  1.938 . 0.000
T OAS2 1.453 1.196 1.766 . 0.000
2,100 A LAMB3 1308 1.137 1.506 . 0.000
E: iR KRT19 1240 1.106 1391 B 0.000
MELK 1.498 1.206 13862 . 0.000
50 ITGA3 1436 1.182  1.746 . 0.000
ITGB4 1342 1.145 1574 . 0.000
0 XDH 1331 1.125 1576 . 0.001
o 3 3 IF127 1254 1.092  1.440 . 0.001
lomsFC MMP7 1145 1,045 1254 . 0.004
o2 CYP2C18 1224 1.066 1.405 . 0.004
’ ; S ke i 12
X 1.473 . .
' .ﬂ%%ﬂ%ﬁ XCL5 112 1.031 1.199 . 0.006
COLI0OAl 1.168 1.043  1.308 . 0.007
0 RP2 08 1.094  1.812 - 0.008
E COLI2A1 1227 1.055 1427 B 0.008
L, 55 FN1 1,166 1.040  1.308 B 0.009
- TR GPX8 1424 1.091  1.860 . 0.009
4 8.0 EPHX2 ~ 0.734 0581 0927 0.009
7.5 COLIIAl 1.146 1.032 1273 . 0.011
7.0 COL6A3  1.199 1.039 1385 . 0.013
6.5 TNFAIP6 1251 1.048 1494 - 0.013
=60 COLSA1 1210 1.040  1.408 B 0.014
30! Tss CAN 1214 1.039 1419 . 0.014
s COL3A1  1.133 1.025 1252 . 0.014
230 CN2 1.093 1.015  1.176 B 0.019
wg =4 MMPIl 1119 1.017 1232 . 0.021
20+ e %Lﬁ 13 4.0 MMP1 1.081 1.012  1.155 . 0.021
5 LI 535 THBS2 1.170 1.024 1337 . 0.021
e oS T COLSA2 1.191 1.026 1383 B 0.021
101 X5 EGF 1267 1.034 1352 . 0.022
%0 NQO1 1196 1.024 1397 . 0.024
: COLIAl 1.117 1.014 1232 . 0.026
0 ! L5 COLIA2 1.131 1.015 1261 . 0.026
3 1.0 I ULF1 1162 1.014 1332 . 0.031
0.5 4, -J- + ABAT 0.807 0.663 00982 0.032
0 PLAT 1142 1.009 1292 L 0.036
SULF1 NQOl IF27 PLAT EGF ITGB6 FNI COLSAl 0.5 1 15
AR L

A-TCGA-GTEx H¥i 2 7 LR B Je K1l Bl B-GEO £ 2 m ik A E Sk L Bl C-Fi BB D-HLH & Cox EIVA4#7; E-Z BHIER Cox [

BV

A-differentially expressed genes (DEGs) heatmap and volcano plot from TCGA-GTEx dataset; B-DEGs heatmap and volcano plot from GEO dataset; C-

Venn diagram; D-univariable Cox regression analysis; E-multivariable Cox regression analysis.
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Fig. 2 Differential gene analysis and screening

AL (B 3-F. L). %T IFI27 /£ PAAD H EE &
EWTENE, FN S5t RV, KRR
Je B4 B PRI XL RITE PAAD AR # ML .
23 ZREOh
IS GEPIA2 ¥ FExt TFI127 R TIZ 8 7
Hrs DL RGN HLAE 2 Pl s o i R IA RO T s
Wit. S5 ER, TFI27 (£ PAAD 78N 1) £ Fl
AR RILR E m RIS (B 4-A); Hrh PAAD
MW TF127 FIEIKPEIE T R AT = e R B
o RIREEAT TR, TFI27 WG v RE R
JfRE R S TFI27 RUEE 2 Hue Rlh %55 F
W, {HXAE PAAD. SKIRHEIRA SR (head and
neck squamous cell carcinoma, HNSC) F1f iz J&
(thymoma, THYM) H, TFI27 {ikFiA B4 1 B AE AT
IR T Risd (P<<0.05) (KBl 4-B). ix—4F
SR RIR, IF127 WREAE A PAAD HA 1Y

T JE A A AR VR T B A
24 EESW

NI B TF127 76 PAAD mffE FNLE], AR 7T
XF IF127 4T T GO M KEGG B &8 #r. 45
R, TFR27 WlfE25 T QST ErEdifi
T, Thl M1 Th2 Z0ffsrfb. ZHRRIHT:. 4HHRAME:
Jii (extracellular matrix, ECM) -324&AH H.AF &4
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Fig.3 Survival analysis and expression trend validation
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Fig. 4 Pan-cancer analysis of IFI27 gene
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Fig. 5 Enrichment analysis of IFI27 gene
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*2 HHEMRS ADME S¥
Table 2 ADME parameters of bioactive compounds in TCM

R E T PubChem CID Gl absorption Lipinski Ghose Veber Egan Muegge  Z:¥0FIH 5
KEETILEREETIREE 241053268 low no no no no no 0.17
REER 5281614 high yes yes yes  yes yes 0.55

GI absorption- 5 7TEWL; Lipinski-ZS25 T ; Ghose- XA FUNI; Veber-4E{HHLN; Egan-fFHRIIN; Muegge- K& LN .
GI absorption-gastrointestinal absorption; Lipinski-Lipinski’s rule of five; Ghose-Ghose filter; Veber-Veber rule; Egan-Egan rule; Muegge-Muegge filter.
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Fig. 10 Protein-protein interaction network
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Table 3 Properties, flavors, and meridian tropisms of TCM
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Fig. 11 Radar chart of TCM properties-flavors-meridian tropisms
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Fig. 12 Effect of fisetin on IFI27 expression in PANC-1 cells (Xt s,n=3)
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