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Abstract: Objective To explore the molecular mechanism of Tao-lian-jiao Formula (TLF, Bt¥#4: & J7) in enhancing anti-colorectal
tumor activity of whole tumor cell vaccine by using network pharmacology. Methods To observe the effects of TLF and whole tumor
cell vaccine alone or in combination on the body weight and tumor weight of CT26-bearing mice, and the pathological changes of
tumor tissues were detected by H&E staining. The chemical ingredients of TLF, ingredients related targets and immune related targets
were collected from traditional Chinese medicine (TCM) databases (TCMSP, TCMID), PharmMapper database and OMIM database,
respectively. The targets and pathways related with TLF for regulating immunity were predicted and analyzed. The predicted results
were verified by real-time fluorescent quantitative PCR and Western blotting. Results Compared with model group, TLF group had
no significant inhibitory effect on tumor growth (P > 0.05), while showed a tendency to promote tumor growth, with an inhibition
rate of —20.1%; Whole tumor cell vaccine group (Vaccine group) also had no significant inhibitory effect on tumor growth (P > 0.05),
but there was a inhibition rate of 19.1%; And the combination of TLF and whole tumor cell vaccine (TLF+Vaccine group) could
significantly inhibit tumor growth (P << 0.05), and the inhibition rate was 51.4%. Through the public databases, 57 ingredients of TLF
which corresponding to 570 targets and 168 immune related targets were collected. After comparison, four potential targets of TLF
regulating immunity were found, and 24 key targets were obtained after PPI interaction. Pathway signaling and GO biological
processes enrichment analysis suggested that interferon gamma receptor 1 (IFNGR1) and its downstream JAK1/JAK2-STAT1 may be
the key pathways for TLF to regulate immunity. Verification experiment results showed that the expressions of IFNGR1,
phosphorylation of Janus kinase 1 (p-JAK1), phosphorylation of Janus kinase 2 (p-JAK2) and signal transducer and activator of
transcription 1 (p-STAT1) in tumor tissue of TLF—Vaccine group were significantly lower than that of vaccine group (P < 0.05),
which was consistent with the predicted results. Conclusions TLF can enhance the anti-colorectal tumor activity of whole tumor cell
vaccine, and has the potential to be an effective adjuvant for tumor immunotherapy. Its mechanism may be related to down-regulating
the expression of IFNGR1 and inhibiting the activity of JAK1/JAK2-STAT1 signaling pathway.

Key words: Tao-lian-jiao Formula (TLF); colorectal tumor; network pharmacology; whole tumor cell vaccine; IFNGR1-JAK1/JAK2-
STAT1 pathway
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Fig.1 Diagram of experiment

Universal 7438 F #9k 1% (32 [F Bio-Rad); SCQ-6201
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Fig. 2 TLF composition (A), whole tumor cell vaccine inoculation, animal model preparation, drug administration process
(B), and TLF effect on tumor size (C), tumor weight (D), growth rate of body weight (E) and tumor histopathological changes

(F) of tumor-bearing mice inoculated with whole tumor cell vaccine
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it 1 pL, 50 X RO X Reference Dye 1 uL,
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PCR X FFHEATY 1, K 222 ik, AME
ARHEE 3K, CAERCTFEME, IFNGRI. JAKL, JAK2,
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Table 1 Primer sequences of real-time RT-PCR

ElkZ) IS (5°—3)

p-actin-F TGGAATCCTGTGGCATCCATGAAAC
p-actin-R TAAAACGCAGCTCAGTAACAGTCCG
IFNGR1-F  GACTGATTCCTGCACCAACATT
IFNGR1-R  TTTACCACAGAGAGCAAGGACT
JAK1-F ACAGTGACACGGCTTGTGAA
JAK1-R TGGCTTGGGAGAGAAGGATTTG
JAK2-F GGTTCATTCAGCAGTTCAGTC
JAK2-R GCAGGGTCTCCAGGTTTATG
STAT1-F GCTGGGCGTCTATCCTGTGGT
STAT1-R GCTCAGCTGGTCTGCGTTCA

1.3.3 p-JAKL. p-JAK2 fil p-STAT1 & FARIE KK
(AT Western blotting il i g3 4H 21 p-JAK1,
p-JAK2 1 p-STATL ik . JiRIRe i 7E R & it
B, SRR A, DU RR N AN B B
7o F BCA H kil ialif) & e = e B R
FEAFFE S (30 ug) 7E 10% SDS-polyacrylamide #t
R EL KT B, SRS EI] PVDF . 590 g 7L 4]
f1h,4 CHFEIIK, Pt p-JAKL(1 : 500). p-JAK2
(1:500) Fl p-STAT1 (1 :500) Pifk. phide)a,
BRI E B (HRP) FRicf)—$i (1:500) 7
EIRTHEE 1 h, {8/ Tanon-5200 B4k 2% K 4
RGHATI ROCUEE, .
1.4 GotZESHh

SZIG B AL FH SPSS 22.0 Siit i kAT Gt 4
Mo FTE B ATX £ RR, 2400 R A
E 720 (One-way ANOVA), £H &) I 95 % LL 4%,
F7EFER LSD #6456, 77 ZEAFSH Tamhane’s T2
Kr4&, {4 GraphPad Prism 7.0 2 4t i1 45 5 &,
P<0.05 FnZREA G R L
2 #R
2.1 TLF &84 nk 5 B mpaR B B RE(ER

SR 8, TLFVaccine 20 68 & 3 400 i) it
K (P<<0.05, & 2-C. D), R Zik 51.4%,
T TLF 2H A1 Vaccine 2055 i A5 4 35 76 I 325 4 i 4
F (P>0.05, & 2-C. D), g =5 58-20.1%
H119.1% . AR Ze 2 S nT DLE Y, Sk TLF
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2.2 MEEHBFSH

221 TLF RZERATHSTM LR N TCMSP,
TCMID %# 2 h i 8 31 TLF fr & E AL 220y 57
AN (R, HPHKBEEK 1A BEELAN. &E
R 13 >, s 13 4~ BEE S HiRBHILA
Wy 24y, BRESERELE RS 24, SR
H5EMEIE RS 14, 3RS ILE LR 1
A (& 3-A); M PharmMapper $# [ Hlsc 4 51 50
AN R 55 570 A (] 3-B); @i OMIM %
I RS 168 5 e tHOGHE s (18] 3-C); Kk
B TLF FHSGHE s 5 G2 AHOGHE sl AT HoX, it
AN TLF R3S i/ S/ R R (E13-D)
2.2.2 Pathway il GO W&l e & B/ sl R
fifi Fi§ Cytoscape fdif GeneMANIA % 345 #E k4T

®2 TLF RHAURHGMAEUFERIER
Table 2 Detailed information of ingredients among four herbal medicines in TLF

eIkl g DL {# 2kt
1 panaxadiol DLO0.79 Eclipta prostrata L.
2 luteolin-7-O-glucoside DL0.78 E. prostrata L.
3 hyperoside DLO.77 Prunella vulgaris L.
4 ginsenoside rbl DLO.77 Gynostemma pentaphyllum (Thunb.) Makino
5 urs-12-en-3beta-ol DLO0.76 P. vulgaris L.
6 methyl betulinate DLO0.76 P. vulgaris L.
7 beta-amyrin DLO0.76 P. vulgaris L.
8 alpha-spinasterol DLO0.76 P. vulgaris L.
9 stigmasterol DLO0.76 E. prostrata L.
10 oleanolic acid DLO0.76 E. prostrata L.
11 beta-amyrin DLO0.76 E. prostrata L.
12 alpha-amyrin DLO0.76 E. prostrata L.
13 ursolic acid DLO0.75 E. prostrata L.
14 beta-sitosterol DLO0.75 E. prostrata L.
15 ursolic acid DLO0.75 P. vulgaris L.
16 beta-sitosterol DLO0.75 Ficus hirta Vahl
17 gypsogenin DLO.75 G. pentaphyllum (Thunb.) Makino
18 astragalin DL0.74 F. hirta Vahl
19 quercitrin DLO0.74 E. prostrata L.
20 echinocystic acid DL0.74 E. prostrata L.
21 14alpha-methyl-5alpha-ergosta- DLO.73 G. pentaphyllum (Thunb.) Makino
9(11)-en-3beta-ol
22 methyl maslinate DL0.72 P. vulgaris L.
23 vitexin DLO0.71 F. hirta Vahl
24 cyclobuxine-d DLO0.70 G. pentaphyllum (Thunb.) Makino
25 rutin DLO0.68 G. pentaphyllum (Thunb.) Makino
26 rutin DLO0.68 P. vulgaris L.
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g% 2
CIkd g DL ff 2t
27 vitamin k DLO0.66 P. vulgaris L.
28 daucosterol DLO0.63 E. prostrata L.
29 daucosterol DL0.63 F. hirta Vahl
30 ruvoside DLO0.63 G. pentaphyllum (Thunb.) Makino
31 lacceroic acid DLO0.49 E. prostrata L.
32 wedelolactone DLO0.48 E. prostrata L.
33 hentriacontanol DLO0.46 E. prostrata L.
34 pentatriacontane DLO0.42 F. hirta Vahl
35 oleanolic acid-28-0-beta-D- DLO0.41 P. vulgaris L.
glucopyranoside
36 methyl chlorogenate DL0.36 F. hirta Vahl
37 sericoside DL0.35 P. vulgaris L.
38 rosmarinic acid DL0.35 P. vulgaris L.
39 tricin DLO0.34 F. hirta Vahl
40 ecliptasaponin d DL0.34 E. prostrata L.
41 ombuin DLO0.34 G. pentaphyllum (Thunb.) Makino
42 quercetin DL0.28 F. hirta Vahl
43 quercetin DLO0.28 G. pentaphyllum (Thunb.) Makino
44 physcione DLO0.27 F. hirta Vahl
45 eriodictyol 3'-methyl ether DLO0.27 G. pentaphyllum (Thunb.) Makino
46 luteolin DLO0.25 E. prostrata L.
47 luteolin DLO0.25 F. hirta Vahl
48 luteolin DLO0.25 G. pentaphyllum (Thunb.) Makino
49 gypenoside xxviii DLO0.25 G. pentaphyllum (Thunb.) Makino
50 kaempferol DL0.24 F. hirta Vahl
51 emodin DLO0.24 F. hirta Vahl
52 acacetin DL0.24 F. hirta Vahl
53 gypenoside | DL0.22 G. pentaphyllum (Thunb.) Makino
54 apigenin DL0.21 E. prostrata L.
55 meranzin hydrate DLO.17 F. hirta Vahl
56 toddaculine DLO0.17 G. pentaphyllum (Thunb.) Makino
57 psoralen DLO0.10 F. hirta Vahl
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H A Er 3 A4 %~ regulation of interferon-
gamma-mediated signaling pathway- interferon-gamma-
mediated signaling pathway. positive regulation of
transcription from RNA polymerase 1l promoter. 434t

g L ok, TLF W g8 @ & IFNGR1-JAKL/
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PR 48 9 2 25 B 22 1 TN 45 SR, XF IFNGRL.
JAK1. JAK2. STAT1 ff] mRNA Fik/K T TH
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ZH ¥ IFNGR1 mRNA Rk /KPR ERL (P<0.05,
K 5-A); PiZH JAKL. JAK2 1 STAT1 mRNA FKik/K
PARFEEEER (F5-A).
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TLF

immunity

A-ZiRE-A S B S, B TR RURNAR (4050, B ENIET RERRST (50 4N, Hh SRR s B 5 HAR BN A i
7%, O FoR R FE S EARICE Y, MRS RRGIRIE S EANEICE ), O R R R, IR B S EMEIE RS B-
BRSy-HERERE, BE P (A SE R AR (50 ), IR AR R W R L R (BT0 ) C-G B A ORHE s AR I, B bl (T
RGPS (168 4N D-iar AL GG RED St s (ZaREED mHhRE, LaHs 4

A-Herbs-ingredients network, the yellow circle nodes represent herbs (4), and the blue hexagon nodes are ingredients (50). Among these ingredients, the
green parts are the common ingredients of Eclipta prostrata L. and Ficus hirta Vahl, the purple parts are the common ingredients of Eclipta prostrata L.
and Prunella vulgaris L., the pink parts are the common ingredients of Gynostemma pentaphyllum (Thunb. ) Makino and Prunella vulgaris L., and the
yellow parts are the common ingredients of Eclipta prostrata L., Ficus hirta Vahl and Prunella vulgaris L. B-Ingredients-targets network, the yellow
diamond nodes represent ingredients (50), and the blue diamond nodes (570) represent targets corresponded to the ingredients C-Immunity-targets
network, the blue node represents immunity related targets (168) D-Venn diagram of ingredient-target (blue circle) and immunity-targets (red circle),
with four common targets

3 TLF &&= T
Fig. 3 TLFimmunomodulatory targets prediction

IRYE PCR sEIe 45 R, R RIHA BEMARMIE ERREKTEEFEK (P<0.05, & 5B).
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blotting 77 % X 2 1L B2 4 p-JAKL. p-JAK2. AHFFELL CT26 25 Mt Jed /N OB, %2

p-STAT1 #EAT THM . 45557 R, 5 Vaccine ZHHL 7 TLF A RTER &4 i 20 P 8 4 ff s 1 % B e A=
%, TLF+Vaccine 4 p-JAKL. p-JAK2. p-STAT1  KHsm, 45 8 8oRx, TLF S Thi s e,
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apoptotic process
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A-Protein-protein interaction (PPI) network within the common targets, the black nodes are common targets between ingredients-targets and
immunity-targets, and the gray nodes are the targets related to the common targets B-The relationship between pathways and their —IgQ C-The
relationship between of GO biological process and their —IgP

4 Pathway {5 51BN GO £MELREEE ST
Fig. 4 Enrichment analysis of pathway signaling and GO biological processes
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A-IFNGR1, JAK1, JAK2 and STAT1 mRNA expression levels among different groups B-p-JAK1, p-JAK2 and p-STAT1 protein expression levels
among different groups, "P<<0.05 vs Vaccine group
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Fig. 5 Experimental verification
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Fig. 6 Molecular mechanism of TLF in enhancing anti-colorectal tumor activity of whole tumor cell vaccine
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