Ginseng-Derived Nanovesicles Suppress Liver Fibrosis via
TIMP2 Pathway Modulation and Gut Microbiot
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) and alcohol-associated liver disease (ALD) are e
chronic liver diseases that can progress to fibrosis, cirrhosis, and liver cancer. Both diseases are closely linked to gut—
liver axis dysfunction, including intestinal barrier damage, inflammation, and liver fibrosis. Ginseng-derived exosome-like
nanovesicles (GNVs) contain bioactive ginsenosides and have therapeutic potential, but their effects on MASLD and
ALD remain unclear. In this study, we evaluated whether orally administered GNVs protect against gut barrier disruption
and liver fibrosis in diet-induced MASLD and ethanol-induced ALD mouse models.
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Fig. 1. characterization of GNVs. (A) TEM image

of GNVs.

(B) NTA of GNVs.
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2. GNVs prevent FFC-induced leaky gut and

restore gut microbiota in MASLD mice. (A)
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SEM; *p < 0.05, **p < 0.01, ***p < 0.001 vs. CON;
#p < 0.05, ##p < 0.01, ###p < 0.001 vs. FFC.
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Fig. 6. GNVs attenuate alcohol-induced liver
injury in ALD mice. (A, B) H&E and F4/80 staining.
(C—E) Serum ALT/AST and hepatic TG levels. (F—H)

analysis of fibrosis-related proteins. Data are mean
+ SEM; *p < 0.05, *p < 0.01, ***p < 0.001 vs. CON;
#p < 0.05, ##p < 0.01, ###p < 0.001 vs. FFC.

A ALD+GNVs B  Small Intestine histology stained C Serum endotoxin ] ] ] ] ]
experiments schema coN EtOH  EtOH+GNVs _ 41 Western blot analysis of indicated hepatic protein(l)
T RFEW5 T G T s R -1 ’E)*
i ) ;‘:‘:‘::.?: \ e - S e~ E . . . .
ALDinduction ., |- ) Hepatic collagenase activity. (J) RT-PCR analysis of
. CON L ! n‘ § ‘u_)’ ) ’ ;go . : - . %
(ew; CON group 2 |1y indicated hepatic genes. Data are mean + SEM; *p
0 T T T
* % %% % .
D Small Intestine histology stained " CONEtOHj;tS\I-/'s < 005’ p < 001’ p < 0001 VS. CON’ #p < 005’
. EtOH group = 201
EtOH 12 h x 3 times __EtOH _EtOH+GNVs § 15 _— ##p < 001, ###p < 0.001 vs. EtOH
T RV AT B T o~ S o0
= 2 10 - ol og
Q (@] o o
'Etvcv):e-;ihévlfvgggg; 5 § 5 [°° A Scatter plot B KEGG pathway C RNA fibrosis Network
+ EtOH 12 h x 3 times < 0 . . .
L CON EtOH EtOH 19
E Phylum o +GNVs 1 !
100 - = Cyanobacteria F Alistipes G Chao1 i 1 ? I
) | = Verrucomicrobia 3,000- # _ L ;
£ 80 = Deferribacteres ° 1,000 _#Ii g ? A i
S 60 Actinobacteria 9 2 000- o - =+ 5| v
S Saccharibacteria_ TM7 S 5 ° S i 3| ! Vv
B 404 Tenericutes S 1.000 ol & 500 1
é 20 - Erotteob%cteria © ’ % 0 246 81012141618 0 60 120 180
0. _ Fi?fn?é'ﬂe:tes 0 P ——— oL—— CON Count of genes (number)
CON EtOH EtOH tOH EtOH CON EtOH EtOH
+GNVs +GNVs +GNVs D LX2 cells E Mouse primary hepatic stellate cells
Beta -diversity I MTPSET_Functional_Biomarke (LEfSe) GNVs (ug/mi) GNVs (ug/mi)
< 0.100 : ESONH beta-Lactam resistance
=~ ' @ EtOH + GNVs Ascorbate biosynthesis 0 1 10 0 1 10
3 0.050 Keratan sulfate degradation
- Pectin degradation
O 0 Heparan sulfate degradation- |
o CAMP resistance DAPI DAPI
o -0.050 Inositol phosphate metabolism - l 100 pm
N -0.075 - PTS system - | S—
-0.10-0.05 0 0.050.10 ' ; ! . % .
1st PC (63.079%) 0 1 2 3 B o
J Intestinal proteins K Intestinal proteins L Intestinal proteins Yo e : TIMP2 |
EtOH EtOH EtOH . 100 100 ym 100 pm
CON EtOH +GNVs CON EtOH +GNVs CON EtOH +GNVs =
iNOS [ & &% ] Zo1[ - ——= -—= | E-cadherin| —— — | LI
CYP2E1 | —— | Claudin-4 | ——— | B-catenin | W= w— 1 o P
3-NT | s e s | Occludin | == | a-tubulin | |
GAPDH [ | GAPDH [ ] GAPDH | |
c o CON ° EtOH = o CON ° EtOH = o CON ° EtOH
S =37 °EtOH + GNVs 2 - 27  °EtOH+GNVs 229 o EtOH + GNVs F LX2 cells TIMP2 Knock-down
o 2’2_ 5 ° > o D = GNVs (ug/ml) ¢ ) o CON °1mg GNVs in LX2 cells
gg %_r:: . %_r:: - 0 y 10 .ggz °10 mg GNVs GNVs
i - — . @ ] } ;
.5“1031 ﬁ ﬁ H I‘%‘] ﬁ EE ﬂm ﬂﬂ ﬂﬂﬂ EE H ﬂﬁﬁ ﬂ TIMP2 | T %E | CON siTIMP2 siCONsiTIMP2
S = S = S = a-SMA [ S ° s Timp2[
o iNOS CYP2E1 3-NT o Z0-1 Claudin-4 Occludin & E-cadhennB catenin a-tubulin MMP_2 i B & '% % ﬂ e
M Intestinal MRNAs N Intestinal mMRNAs GAPDH ——v gv 0 ﬁ F‘iﬁ TIMP1 | —
s ° CON °EtOH ° EtOH + GNVs 5 4- o CON °EtOH ° EtOH + GNVs a-SMA MMP-2 TIMP2 a-SMA [SSl 55 e
- ] # — . ~
23 . e A # G RNA seq. data HS qRT-PCR data MMP._2 = ———
— = C - = 06 - — — — =
S S 1 L Fl. s P - - N " i ga3 §8,6 N
o o [y ° 0 - .2 e P 8 221 g 5 ~ TR
=] o -~ ° ¥ o0 > i -
2 : 28 |MAN AAA E0E >
X~ 0 . . T '-‘E" 0 - . . . oW m 2% H GAPDH | s S
= Z0-1 Occludin Claudin-1 E-cadherin B-catenin y-catenin1 Yy-catenin 2 27T 0 E < 0
. . TIMP2 CoL/A TGF- p = TIMP2 CoL/A TGF- B
Fig. 5. GNVs prevent alcohol-induced leaky gut J TIMP2 Knock-down in LX2 cells 2  sicon siup2
- . . T o * SiCON ° siTIMP2 T ©>
in ALD mice. (A) Experimental scheme. (B, D) H&E 5 -SICON +GNVs . & _ o SITIMP2 + GNVs
a3 37 osiTIMP2 +GNVs & &
. . . . 7)) o O (@)
and F4/80 staining of small intestine. (C) Serum 25 . | - T v
. . . . g ] i v © 1 1% °
o %% L) ° Liia
endotoxin levels. (E—I) Gut microbiota composition, 43 1. m rﬁ $3 nﬁﬂ H ﬂﬁ ¢
ndoxe . . . 22 1 = Ml [00s L
diversity, and functional biomarker analysis. (J-L) E o ﬁk—-s e | = o W.ﬁ SRS e e
" f 1 " ' @Q «‘§Q &@Q ?-’Q §' éq' «é&
Western Dblot analysis of oxidative stress and ¢ & 8

Fig. 7. GNVs attenuate hepatic fibrosis via
TIMP2-dependent regulation. (A—C) RNA-seq
scatter plot, KEGG pathway analysis, and liver
fibrosis-related RNA interaction network in GNV-
treated LX-2 cells. (D, E) TIMP2 expression in LX-2
cells and primary hepatic stellate cells. (F-H)
Western blot, RNA-seq, and qRT-PCR analyses of
fibrosis-related markers. (I, J) Protein and mRNA
expression of fibrosis markers in TIMP2-knockdown
LX-2 cells £+ GNVs. Data are mean + SD/SEM; *p
< 0.05, ™p < 0.01, *™*p < 0.001; #p < 0.05, ##p
< 0.01, ###p < 0.001.

Reference: Kim, Ji-Su, et al. "Ginseng-derived exosome-like nanovesicles protect against liver fibrosis by regulating
TIMP2 pathways and gut dysbiosis." Asian Journal of Pharmaceutical Sciences (2025): 101105.

junctional complex proteins. (M, N) gRT-PCR
analysis of gut junction-related genes. Data are
mean = SEM; *p < 0.05, **p < 0.01, *™*p < 0.001 vs.
CON; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. EtOH.

Fig. 3. GNVs attenuate FFC-induced liver injury in
MASLD mice. (A, B) H&E and F4/80 staining of liver

sections. (C—E) Serum ALT/AST and hepatic TG
levels. (F-H) Western blot analysis of indicated

hepatic protein. Data are mean = SEM; *p < 0.05, *p
< 0.01, *™*p < 0.001 vs. CON; #p < 0.05, ##p < 0.01,
###Hp < 0.001 vs. FFC.

Conclusion

Orally administered GNVs protected against MASLD- and ALD-associated gut barrier dysfunction, liver injury,
and hepatic fibrosis. These effects were associated with restoration of intestinal junction proteins, modulation
of gut microbiota, reduction of hepatic oxidative stress and inflammation, and TIMP2-dependent suppression
of fibrogenic signaling in hepatic stellate cells. Therefore, edible GNVs may represent a promising nanovesicle-
based therapeutic strateqy targeting the gut-liver axis in chronic liver diseases.
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