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Abstract: [ Objective] To explore the host immunomodulatory effect and its molecular mechanism of gallic acid (GA)
in Bacillus Calmette—Guérin (BCG) infected macrophages, and to provide experimental evidence for host—directed anti—
tuberculosis research against Mycobacterium tuberculosts (Mth).[Methods] The minimum inhibitory concentration (MIC)
of GA against BCG was determined by resazurin colorimetric assay. Bacterial growth—curve test and MTT colorimetric assay
were used to evaluate the effects of GA on BCG proliferation and invasion. A BCG—infected RAW?264.7 macrophage model

was established, including infection control group (Ctrl), isoniazid (INH) group, and low—, medium— and high—dose GA
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groups. Flow cytometry combined with colony—plate counting was performed to detect intracellular BCG survival. Cell
apoptosis was measured by Annexin V-APC/7-AAD double staining, and qRT-PCR was used to detect the mRNA
expression of apoptosis—related genes Caspase—3 and Bcl-2. Macrophage polarization phenotypes were analyzed by flow
cytometry. Intracellular reactive oxygen species (ROS) were detected using DHE fluorescent probe. The Griess assay was
applied to determine supernatant nitric oxide (NO) concentration. ELISA was used to detect the levels of TNF-a, IFN—y,
IL-6 and IL-10 in cell culture supernatant.[Results] The MIC of GA against BCG was 1 250 pwmol/L. GA inhibited BCG
proliferation and invasion in a concentration—dependent manner (P<0.05). Safe concentrations of 20, 40 and 80 pmol/L
were selected for subsequent cellular experiments. Thirty—six—hour GA pretreatment markedly reduced the intracellular
BCG bacterial load (P<0.05). GA exerted bidirectional regulation on macrophage apoptosis: it inhibited apoptosis at the
early—stage infection and promoted apoptosis at the late—stage infection. GA induced M1-type polarization in early
infection and facilitated M2—type polarization in late infection (P<<0.05). Meanwhile, GA decreased intracellular ROS
and NO levels, down-regulated the secretion of pro—inflammatory cytokines and up-regulated the secretion of anti—
inflammatory cytokine 1L-10 (P<<0.05).[Conclusion] GA inhibits BCG proliferation and invasion in vitro. It remodels
host immune microenvironment via bidirectional regulation of macrophage apoptosis and polarization as well as anti—
oxidative and anti-inflammatory effects, showing potential value for host—directed anti—-mycobacterial therapy.
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A: Antibacterial effect of GA on BCG in vitro MIC value of GA for BCG. B: Growth curves of BCG under different concentrations of GA treatment.
C: The effect of GA treated BCG on the viability of macrophages, indicating the effect of GA on the ability of BCG to invade macrophages. Compared
with the Ctrl group, **P<0.01, ***P<0.001; compared with the INH group, #P<0.05, ¥ P<0.001, n=3.
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Fig.1 Determination of the minimum inhibitory concentration and antibacterial activity of GA against BCG at different

doses
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Effect of GA on intracellular bacterial survival in BCG-infected macrophages. A—C: The impact of varying durations of GA pretreatment on the
survival of intracellular bacteria in BCG—infected macrophages is illustrated; D=F: Effect of different concentrations of GA on intracellular bacterial
survival in BCG—infected macrophages detected by flow cytometry; A, D: Representative results of intracellular bacterial survival of BCG~-infected
macrophages detected by flow cytometry, the GFP positive peak is shown in the figure; B, E: Statistical results of intracellular bacterial survival of
macrophages after 4 h of BCG infection (F=37.17, P<0.001); C, F: Statistical results of intracellular bacterial survival of macrophages after 24 h of BCG
infection (F=748.0, P<0.001); G: statistical results of CFU of intracellular bacteria after 4 h of BCG infection (F=7.195, P=0.005); H: statistical results
of CFU of intracellular bacteria after 24 h of BCG infection (F=59.14, P<0.001). 12 h, 24 h and 36 h represent the duration of GA pretreatment on
macrophages; 4 h and 24 h represent the incubation time after BCG infection. Compared with the Cirl group, *P<0.05, **P<0.01, ***P<0.001;
Compared with the INH group, *P<0.05,%P<0.01, *P<0.001, n=3.
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Fig. 3 GA inhibits the survival of intracellular bacteria in BCG-infected macrophages
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Effect of GA on apoptosis in BCG—infected macrophages. A: Representative results of flow cytometric detection of macrophage apoptosis after 4 h

of BCG infection (F=11.33, P<0.001); B

: Representative results of flow cytometric detection of macrophage apoptosis after 24 h of BCG infection(F=

7.679, P=0.004); C: Statistics of total apoptosis rate of cells in A; D: Statistics of total apoptosis rate of cells in B; E-F: Relative expression levels of
Caspase—3 (F=46.30, P<0.001) and Bel-2(F=140.5, P<0.001) mRNA after 4 h of BCG infection; G-H: Relative expression levels of Caspase=3 (F=
33.97, P<0.001) and Bcl-2 (F=22.93, P<0.001) mRNA after 24 h of BCG infection. Compared with the Ctrl group, *P<0.05, **P<0.01, ***P<0.001;

Compared with the INH group, *P<0.05, *#P<0.01, **P<0.001, n=3.
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Fig. 4 GA inhibits apoptosis in macrophages infected with BCG
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Effect of GA on polarization in BCG—-infected macrophages. A: Representative results of M1 and M2 polarization of macrophages after 4 h of BCG

infection detected by flow cytometry; B: Statistical results of M1 polarization levels after 4 h of BCG infection (F=15.56, P<0.001); C: Statistical results

of M2 polarization levels after 4 h of BCG infection (F=20.20, P<0.001); D: Representative results of M1 and M2 polarization of macrophages after 24 h

of BCG infection detected by flow cytometry; E: Statistical results of M1 polarization levels after 24 h of BCG infection (F=130.2, P<0.001); F: Statistical
results of M2 polarization levels after 24 h of BCG infection (F=17.19, P<0.001). Compared with the Ctrl group, *P<0.05, **P<0.01, ***P<0.001;
Compared with the INH group, *P<0.05, #P<0.01, *P<0.001, n=3.
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Fig.5 GA influences the polarization of BCG—infected macrophages

2.6
EAD)

E BT BCG BB L

AW G PEAL GA Xq‘ BCG /&Y iy W

H@Vq ROS 3

o

. Bl

E AR ROS & &

i 240 it

if DHE 2 e85 brid

AT MR AL 55 HT (E 6A-C) |, 7F BCG JE& L FL 4

I R 7R GA A 2 [ 00 40 it 2¢ Y i B 45 Carl 41
SIS S, P2 H A WG AE bt A A 5 i
GA =7 41 DHE %658 5 B i 34 i (P <<0.05) , %
B ROS 4= itk . RG], 45770 GA 4756
55 W55 , IR OB M AR IR . itk —



5 TR, 468 B ot R I WA 9 S5 7 9 i 851
A IO UE F WA A P ROS (97K -, FH O 204 A 3 Xt R I % TR (P<<0.05) 5 S+ KA BF 414

P W e

TN (KI6D-E)  JE&YL 4 hisf, GAfIK il
ZH 19 ROS 7K P20 HR2H i 25 IR (P<<0.05) | Tl 57
HHPFZEL AN GA 25 77 2 20 /) DHE 2 65 & 44t 25 7
F(P<0.05) ; Yt 24 hJ , GA 4 BE4] ROS 7K - &
PRI 500 0O OC R T L GA Y L ) B A A

Ctrl 100

of DHE

INH

Mean fluorescence intensity

GA-L

60

GA-M

Mean fluorescence intensity
of DHE

GA-H

>

AEHE 0 E T E i (P<0.05) o Ui =X 40 MR 2
S5 R 5 5OL B MU S5 A B — 2, =R
GA TE/E YL I ] 45 ROS 2R 1L, YﬁEMEE‘HU#D”J K

Il ROS /K-, J 3013 1o 5 25078 B i 5 ROS Ik % 41
it
4h 24 h
cul 7 / A \\ y
INH
GA-L

10¢

of DHE

Mean flL
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Fig. 6 Dynamic changes of intracellular reactive oxygen species in BCG infected macrophages by GA
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Effect of GA on NO secretion and cytokine TNF- «, IFN-+y, IL-6 and IL-10 secretion in BCG-infected macrophages. A-E: Secreted by
macrophages after 4 h of BCG infection (TNF-q: F=8.144, P=0.003; IL-10: F=4.390, P=0.03); F-J: Secreted by macrophages after 24 h of BCG
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macrophages detected by qRT-PCR; K-N: Show the results of macrophages after 4 h of BCG infection (TNF-a: F=5.759, P=0.01; IL-10: F=135.3,
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Fig.7 The effects of GA on NO and cytokine secretion in macrophages infected with BCG
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