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Burdock miR8175 in diet improves
insulin resistance induced by obesity
in mice through food absorption

Huichen Song, %% Huanhuan Shi,’*> Mengru Ji,"%* Jiaqi Ding,"? Lin Cong," Silin Chen,? Jiahui Zhou,"?
Xinyan Zha,'? Jinyang Ye,! Runcheng Li," Xiaoyu Hou," Siyu Mao," Xiaohong Jiang,"-? Wen Zhang,** Jing Li,"%*
and Yujing Zhang'#¢*

SUMMARY

The incidence of type 2 diabetes mellitus (T2DM) induced by obesity is rapidly increasing. Although there
are many synthetic drugs for treating T2DM, they have various side effects. Here, we report that
miR8175, a plant miRNA from burdock root, has effective antidiabetic activity. After administration of
burdock decoction or synthetic miR8175 by gavage, both burdock decoction and miR8175 can signifi-
cantly improve the impaired glucose metabolism of diabetic mice induced by a high-fat diet (HFD). Our
results demonstrate that burdock decoction and miR8175 enhance the insulin sensitivity of the hepatic in-
sulin signaling pathway by targeting Ptprf and Ptp1b, which may be the reason for the improvement in
metabolism. This study provides a theoretical basis for the main active component and molecular mecha-
nism of burdock to improve insulin resistance. And the study also suggests that plant miRNA may be an
indispensable nutrient for maintaining human health.

INTRODUCTION

Type 2 diabetes (T2DM) is a complex chronic disease that is characterized by increased hyperglycemia caused by insulin resistance. More than
400 million people worldwide suffer from T2DM.' Currently, many synthetic drugs are used for the therapy of T2DM," and the side effects
are not negligible, such as sulfonylureas. Sulfonylurea drugs carry the risk of weight gain and hypoglycemic episodes.” At present, metformin
is widely used in the treatment of type 2 diabetes. However, about 30% of people are intolerant to metformin, and over 20% of patients expe-
rience side effects, including gastrointestinal side effects.®'” In contrast, traditional Chinese medicine with good efficacy and low toxicity has
shown its superiority in the treatment of chronic diseases.'’™'® Among them, burdock exhibits effective antidiabetic activity.

Burdock (Arctium lappa) is a traditional Chinese herbal medicine. It is non-toxic and nutritious and can be used as a daily diet in Asian
countries, such as China, Korea, and Japan. Burdock has a variety of pharmacological effects, such as anti-inflammatory, anti-viral, anti-cancer,
anti-diabetes and so on, known as the eastern ginseng.' " There is a long history of using burdock to treat diabetes in China.”’ Many studies
have demonstrated that the burdock root is possibly responsible for the hypoglycemic effect, which was confirmed by the anti-diabetic ac-
tivity of burdock root found in several subsequent studies.'?*?> However, the molecular mechanism by which burdock root improves dia-
betes is not well understood.

Recently, studies have suggested that plant microRNAs can enter into the mammalian circulation and organs to regulate gene expres-
sion.”*?> MiR168 from rice can enter into mouse liver and suppress the expression of low-density lipoprotein receptor adapter protein 1
(LDLRAP1).?® The miR2911 derived from honeysuckle can be effectively absorbed by mice and significantly accumulated in the lung tissue,
in which miR2911 directly targets various influenza A subtypes and SARS-CoV-2.7"*® The Honeysuckle-derived miR2911 exhibited an anti-tu-
mor effect in colon cancer by specifically targeting the TGF-B1 mRNA.’ Additionally, Chin et al. found plant miR-159 in human serum, and its
abundance was negatively related to the incidence and progression of breast cancer.” Given these findings, we hypothesize that the plant
miRNAs from burdock may be effective components exerting antidiabetic activity.

In this study, we intend to explore the effective components in burdock miRNA that can improve insulin sensitivity. We will use Solexa
sequencing to screen for miRNAs that are rich and stably present in Burdock root. Then, we will feed the mice with burdock decoction
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and chemically synthesized miRNA to demonstrate whether the screened burdock miRNA can be absorbed by mice and delivered to target
tissues. Furthermore, by only feeding the selected miRNA, we will investigate whether it has an independent effect on improving insulin sensi-
tivity. After predicting the target genes of this miRNA, we will further verify its direct regulatory effect on the target genes, thereby elucidating
the molecular mechanism by which this miRNA in burdock improves insulin sensitivity.

RESULTS

Burdock decoction can improve insulin resistance in diet-induced obese mice

To verify whether burdock root decoction improves insulin resistance in obese mice, we induced a DIO mouse model by continuously feeding
4-week-old C57BL/6j mice with a high-fat diet for 8 weeks (Figures STA-S1C). Then, the DIO mice were each orally administered with burdock
root decoction or sterile water for six consecutive weeks (500 pL/day, n = 8 in each group) (Figure 1A). We observed that the mice who received
the burdock decoction (n = 8) did not show a significant decrease in weight compared with sterile water group (n = 8) (Figure 1B). However,
their fasting blood glucose showed decrease from the fourth week, reaching a significant difference after six weeks’ administration (Figure 1C).
We further assessed the metabolic profile with fasting blood lipids and insulin levels in burdock decoction treated mice. The results showed
that TG and insulin levels significantly decreased (Figures 1D and TH), while T-CHO (Figure 1E), HDL (Figure 1F), and LDL (Figure 1G) levels all
remained unchanged. Besides, glucose tolerance test (GTT) and insulin tolerance test (ITT) results demonstrated that the insulin sensitivity of
DIO mice administered with burdock decoction was significantly improved (Figures 11 and 1J). These results indicate that burdock root decoc-
tion can indeed restore insulin sensitivity in DIO mice.

Screening of active miRNAs via high-throughput sequencing

Because plant miRNA may be one of the active components of traditional Chinese medicine, we extracted total small RNA from burdock roots
to explore whether miRNAs in burdock decoction participate in promoting insulin sensitivity in DIO mice. We then used lllumina deep-
sequencing technology to search for the most abundant miRNAs in burdock roots. According to the sequencing data, we found that ath-
miR8175 and gma-miR6300 were particularly abundant in burdock roots (Figure 2A). Q-PCR was used to validate these results (Figure 2B).
Interestingly, we found that miR8175 displayed particularly stable characteristics during the process of obtaining burdock decoction via
high-temperature steaming. Its level was 100 times higher than that of miR4300 (Figure 2C). At the same time, we found that the sequence
of miR8175 has high GC content (about 75%), which is similar to the GC content of miR2911, the active ingredient of honeysuck|627 (Figure 2D).
Therefore, we selected the most abundant and stable miR8175 as the main research target.

MiR8175 can be absorbed by gavage feeding

Can miR8175 in burdock decoction be absorbed through the gavage feeding and reach the body to work? In order to solve this problem,
the normal C57 mice were given 500 plL burdock decoction by gavage (n = 5), and detected the level of miR8175 in serum and insulin-
sensitive tissues such as liver, skeletal muscle, and adipose tissue after 0, 3, 6, 9, and 12 h to determine whether miR8175 could be ab-
sorbed into the blood via diet and reach these tissues (Figure 3A). According to the results, we found that after gavage with burdock
decoction, the level of miR8175 indeed increased in serum, reaching its peak at 6 h and still exhibiting significant differences at 12 h, indi-
cating that miR8175 could be absorbed into the blood via diet (Figure 3B). In addition, miR8175 showed a significant increase in liver from
3h, and this increase could even last until 12h, while the increase in muscle or adipose tissue was not significant (Figures 3C-3E). At the
same time, mice were given Tnmol synthetic miR8175 in the same way (Figure 3F). The trend of miR8175’s increase in tissues in mice
gavaged with synthesized miR8175 was similar to that of burdock decoction group, except that the peak in serum appeared at 3 h
(Figures 3G=3J). These results indicate that miR8175 absorbed via gavage maybe more easily enriched in the liver and which was further
confirmed by gavage feeding of Cy3-labled miR8175 (Figure 3K). We tracked the tissue distribution of miR8175 after gavage Cy3-miR8175
and found that the liver was still the main site of miR8175 enrichment (Figure 3L). Furthermore, we detected the distribution of miR8175 in
serum and found that miR8175 mainly exists in extracellular vesicles, suggesting that it may be delivered to the liver via extracellular ves-
icles after gavage (Figures 3M and 3N).

Gavage with miR8175 can improve insulin sensitivity in DIO mice

To further investigate whether the most abundant miR8175 in burdock decoction can improve insulin sensitivity in DIO mice, we gavaged DIO
mice with T nmol miR8175 or negative control RNA (NC group, n = 8) for 6 weeks and detected their body weight and fasting glucose every
week (Figure 4A). We found that their body weight decreased slightly during the gavage process (Figure 4B), and fasting glucose began to
decrease significantly from 3 weeks and had a more significant effect by éw (Figure 4C). However, the blood lipid level at 6w did not change
significantly (Figures S2A-S2D). The insulin level decreased significantly after gavage for 6w (Figure 4D), and the results of GTT and ITT ex-
periments suggested a significant improvement in insulin sensitivity (Figures 4E and 4F). In obese mice, islets produce compensatory hyper-
plasia to increase insulin production and maintain blood sugar balance. As the islet B cells are unable to maintain the glucose metabolic load,
the islets become hypertrophic, malformed, and even disintegrated.®’ With the use of gadofullerene nanoparticles to reverse islet dysfunc-
tion, Li et al. found that GFNPs can effectively alleviate islet damage, reduce compensatory hyperplasia of islets, and maintain the function of
islet beta cells during the treatment of hepatic insulin resistance.®” Therefore, in order to further clarify whether miR8175 also reduces the
damage to islets and alleviates the compensatory increase of islets in the process of improving insulin resistance, we tested the size and
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Figure 1. Burdock decoction improves insulin sensitivity in diet-induced obese mice

(A) Experimental scheme.

(B) Body weight and (C) fasting blood glucose were measured weekly.

(D-G) The levels of TG (D), TC (E), HDL (F), and LDL (G) in serum were measured.

(H) The levels of insulin in serum were measured.

(I, J) Glucose tolerance (I) and insulin tolerance (J) were tested. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and ***p < 0.001; two-way ANOVA (B-C,
I-J) or Student’s t test (D—H).

number of islets after treatment with miR8175. Our results showed that without changing the number of islets, the treatment of miR8175 effec-
tively alleviates the compensatory hyperplasia of islets, suggesting that the treatment of miR8175 can reduce the functional damage of islets.
(Figures 4G-4l).

To further investigate how miR8175 improves insulin sensitivity in tissues, we first examined which tissues miR8175 is enriched in. The re-
sults showed that the miR8175 was enriched in liver of miR8175 treated DIO mice (Figure 5 A), while in muscle and adipose tissue were still not
significant (Figures 5B and 5C). Then we performed transcriptome sequencing on the livers of both groups of mice, and the sequencing results
were uploaded to GEO database (GEO: GSE248220). Through data analysis, gavage of miR8175 changed the expression of many genes (Fig-
ure 5D). GSEA analysis showed that the up-regulated genes were mainly concentrated in regulation of glucose metabolic process (Figure 5E).
In the insulin signaling pathway in the liver, insulin binds to the insulin receptor, activating downstream pathways through PI3K-mediated
phosphorylation of AKT.** The level of phosphorylated AKT under insulin stimulation reflects the activation of the insulin signaling pathway.
We further investigated insulin sensitivity in liver caused by miR8175 treatment. The results showed that the AKT phosphorylation level after
insulin stimulation was significantly increased in the miR8175 treated group, indicating that miR8175 had indeed improved the insulin sensi-
tivity of liver tissue (Figure 5F).
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Figure 2. miR8175 is highly enriched in burdock decoction

(A) The sequencing reads of plant miRNAs in burdock decoction.

(B and C) The concentrations of plant miRNAs were detected by gRT-PCR: (B) burdock (n = 4); (C) burdock decoction (n = 5); (D) The sequence and GC content of
miR8175 and miR2911.Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and ***p < 0.001; one-way ANOVA (B-C).

MiR8175 improves insulin sensitivity by targeting Ptprf and Ptp1b

To further explore how miR8175 improved the insulin sensitivity of liver tissue, we performed miRNA pull-down assay to analyze mRNAs
bound to miR8175. Biotin-labeled miR8175 was transfected into Hepal-6 cells, and then miR8175 was pull-down by magnetic bead
method, the bound mRNAs were eluted to RNA sequencing. The specific process can be seen in Figure 6A. We identified 3769 genes
that bind to miR8175. Subsequently, in order to further screen which of these genes are the target genes directly affected by miR8175,
we predicted the target genes of miR8175 in mice through RNAhybrid, and then interacted with the pull-downed mRNA to obtain a
total of 1990 possible target gene sets (Figure 6B). Subsequent KEGG pathway analysis of these genes found that the target genes
were mainly concentrated in some anti-tumor (green labeled pathway) and anti-viral (blue labeled pathway), which was consistent
with the reported anti-tumor and anti-viral efficacy of Burdock (Figure 6C). The pathway related to the regulation of glucose metabolism
is the insulin signaling pathway (Figure 6C). In the target genes of this pathway, we found three target genes, Ptprf,** Ptpn1,*° and
Socs3,*’* which have been reported to be negatively correlated with insulin sensitivity (Figures 4C and 6D). To verify the accuracy of
the predicted target proteins, we checked the expression levels of these proteins in liver tissue after long-term intragastric miR8175
feeding and found that PTPRF, PTP1B and SOCS3 were significantly down-regulated (Figure 6E). Furthermore, we verified the changes
in PTPRF and PTP1B by transfecting liver cells with miR8175, indicating that the reduced expression levels of SOCS3 in mouse liver may
be caused by other factors in the body (Figure 6F). To further verify whether these target genes were directly regulated by miR8175, we
constructed luciferase vectors with predicted binding sites or mutated binding sites of these target genes, and detected the effect of
miR8175 on luciferase activity. The results showed that miR8175 significantly reduced the expression of luciferase containing the target
gene binding site of both Ptprf and Ptp1b, but had no effect on luciferase activity after the seed sequence binding site was mutated
(Figures 6G and 6éH). These results further indicated that Ptprf and Ptp1b are direct targets of miR8175. Since the increase of PTP1B and
PTPRF under obese conditions can inhibit tissue insulin sensitivity by dephosphorylating IR and IRS,%***? we further verified the phos-
phorylation levels of IR and IRS in liver tissue after insulin stimulation of miR8175 treated groups. The results showed that the insulin-
stimulated phosphorylation levels of IR and IRS in DIO mice fed with miR8175 were significantly increased (Figure 6l), indicating that
long-term intragastric miR8175 may directly inhibit the increase of PTP1B and PTPRF, reduced dephosphorylation levels of p-IR and
p-IRS, and improve insulin sensitivity in mice.

DISCUSSION

Traditional Chinese medicine has been favored due to its good therapeutic effects and small side effects, especially many medicinal foods
and herbs that can be used as daily food, such as burdock, which is one of the popular foods in Central Asia. Research has shown that burdock
has anti-inflammatory, anti-tumor, anti-virus, blood glucose-lowering, and lipid-lowering effects. However, due to its unclear medicinal mech-
anism, its widespread promotion as a medicinal herb is limited, and it can only be promoted as a health food. In this study, we have also
confirmed that burdock decoction can effectively improve insulin resistance in DIO mice (Figure 1). To explore its mechanism of action,
this article mainly investigates the molecular mechanism of burdock decoction in improving obesity-induced insulin resistance from the
perspective of plant miRNA. This study provides a reference for the mechanism of traditional Chinese medicine in treating diabetes, offering
a basis for clinical application and providing more possibilities for the treatment of diabetes.
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Figure 3. miR8175 is delivered into mouse liver following burdock decoction or miR8175 gavage administration

(A) Experimental scheme. (B-E) After gavage-feeding burdock decoction, the kinetics of miR8175 were detected by gRT-PCR: (B) serum (n = 5); (C) liver (n = 5);
(D) skeletal muscle (n = 5); (E) adipose (n = 5). (F) Experimental scheme. (G-J) After gavage-feeding 500 pmol synthetic miR8175 in 500 pL of RNase-free water, the
miR8175 kinetics were detected by qRT-PCR: (G) serum (n = 5); (H) liver (n = 5); (I) skeletal muscle (n = 5); (J) adipose (n = 5).

(K) Experimental scheme.

(L) Confocal microscopy photos of mouse liver 3 h after administration of 1 nmol synthetic, fluorescently labeled miR8175 by gavage, scale bar: 50 um.

(M and N) gPCR analysis of the miR8175 concentration in the exosome-free plasma fraction or exosomal fraction isolated from the plasma gavage fed with
(M) burdock decoction or (N) synthetic miR8175 (n = 6). Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and ***p < 0.001; Student's t test (M-N)
or one-way ANOVA (B-E, G-J).
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Figure 4. miR8175 improves insulin sensitivity in diet-induced obese mice

(A) Experimental scheme.

(B) Body weight and (C) fasting blood glucose were measured weekly.

(D) The levels of insulin in serum were measured.

(E and F) Glucose tolerance (E) and insulin tolerance (F) were tested; (G) Representative images of H&E staining of pancreas, scale bar: 200 um.

(H) The average single islet area and (I) the number of single islets in the pancreas. n = 8. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and
***p < 0.001; two-way ANOVA (B-C, E-F)) or Student's t test (D, H-I).

We found that miR8175, which is very rich in expression in burdock root as revealed by Solexa sequencing, and very high GC content which
attracted our attention. Like miR2911 of honeysuckle, which we previously found capable of targeting influenza virus in our preliminary study,”’
it also has particularly high GC content and exhibits strong stability such as resistance to high temperature, acid and alkali. MiR8175 also
exhibits the same stability. We found that in burdock decoction made by high-temperature cooking of burdock roots, miR8175 displayed char-
acteristics of high abundance and high stability compared to other miRNAs (Figures 2A-2C). This stability means that miR8175 can be an appro-
priate drug-effective ingredient. After gavage administration, we observed that the level of miR8175in liver cells reached 300 copies/cell, which
also indicated that miR8175 had reached the level to play a physiological function. The fact that the levels of the target genes Ptprfand Ptp1bin
liver tissue decreased by 2-fold and 3-fold, respectively, after long-term treatment with miR8175, further confirmed this point.

In the predicted target genes of miR8175, we found many PTP family proteins, such as PTP1B, PTPN11, PTPRF, and PTPA. These PTP family
proteins play an important role in the dephosphorylation of proteins.’” PTP1B, PTPRF, SHP1 and SHP2 have been reported to increase insulin
resistance by dephosphorylating the phosphorylation level of p-IR and p-IRS.*' Moreover, many studies have developed drugs that promote
insulin signaling pathways sensitivity targeting PTP family proteins.*”® In this study, we have confirmed that miR8175 plays a role in

6 iScience 27, 109705, May 17, 2024



iScience ¢? CellPress
OPEN ACCESS

>
w
(3]

Liver Muscle Adipose
g 0.015 *k 00008 £ 0.0003
5 ) 8 s T,
E 0010 ’ g000067 - £ 00002 .
i : . 2+ &
g I $ 0.0004- . g +
o Q 5 o 4
© 0.005 o . + o 000014 [T S
10 - ~0.00024 | o A ~
2 T 4 2
E 0.000 S —— € 0.0000————17—— € 0.0000———————
S S S
& & &
& & &
E Regulation of glucose metabolic process F 25
= ) *
®03 NES 1.44551956 3 L0
8 P=0.014 ) T
@ 02 St
£ 01 NC miR8175 NC  miR8175 g £ 1.5
° . =3
EO- P-AKT[m= o wo #% wn oo o= == == @ @8 &= —60 KDa E240 —
201 AKT/am @B e o o o o= 28 e o= | 60KDa &
i Insulin — + = 05
S L | L -
; g 0—7FT7—
miR8175 NC NC miR8175

Figure 5. miR8175 regulates glucose metabolism in the liver

(A-C) gPCR analysis of the miR8175 concentration in the (A) liver, (B) skeletal muscle and (C) adipose of mice gavage fed with synthetic miR8175 (n = 8).

(D) Heatmap analysis of differential MRNA expression in mouse liver following NC and miR8175 gavage administration.

(E) Gene Set Enrichment Analysis (GSEA) of regulation of glucose metabolism process in mouse liver following NC and miR8175 gavage administration; (F)
Western blotting and densitometry analysis of insulin-stimulated phosphorylated AKT and total AKT in mouse liver following NC and miR8175 gavage
administration. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and ***p < 0.001; or Student'’s t test (A-C, F).

promoting insulin signaling pathway sensitivity by directly inhibiting PTP1B and PTPRF levels, making it a very promising drug molecule to
improve insulin signaling pathway sensitivity (Figure 7).

In addition, when predicting the target genes of miR8175, we found by KEGG pathway analysis that many target genes of miR8175 were
enriched in cancer-related signaling pathways, such as the estrogen signaling pathway, which is one of the main factors leading to breast
cancer. Important target genes such as ESR1, ESRRA, ESRRB, and ESRRG, which are estrogen receptor-related proteins, and CDK4 and
CDK®, which are cell cycle-related proteins, were downregulated, which may become a potential therapeutic method for breast cancer.
The presence of some target genes related to tumors, such as BRAF, also suggests that miR8175 may have the potential to be an effective
functional molecule in burdock for treating tumors, although this still needs further experimental verification.

Overall, we once again confirmed that burdock root decoction can effectively improve high-fat diet-induced insulin resistance, and iden-
tified miR8175 as a key miRNA molecule that can play a critical role. By investigating the direct regulatory role of miR8175 on the target genes
Ptprf and Ptp1b, we revealed that miR8175 can enhance the sensitivity of insulin signaling pathways by targeting of Ptprf and Ptp1b, which
dephosphorylate p-IR and p-IRS, respectively.

In this study, we found miR8175 is the functional miRNA in burdock, which can be absorbed by mice and can improve glucose metabolism.
In this study, miR8175, a plant microRNA from burdock decoction that plays a role in anti-diabetic, was screened. Further studies have shown
that miR8175 can inhibit the dephosphorylation levels of p-IR and p-IRS by targeting PTP1B and PTPRF, increase the sensitivity of insulin
signaling pathway. This will help in designing safer and more effective herbal medicines, conducting and promoting clinical trials of traditional
Chinese medicine, providing scientific basis for the development and utilization of traditional Chinese medicine, and facilitating the integra-
tion of traditional Chinese medicine with modern medicine. In addition, this study also provides a theoretical basis for the cross-kingdom
regulation of plant miRNA.

Our research results have two implications in clinical applications.

(1) Using miR8175 to improve obesity-related insulin sensitivity;
(2) Promoting the exploration of effective miRNAs in traditional Chinese medicine to facilitate the development of traditional Chinese
medicine.
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Figure 6. miR8175 improves insulin sensitivity by targeting Ptprf and Ptp1b

(A) Experimental scheme.

(B) Overlapping target genes between IP-sequenced genes and software-predicted targets.

(C) KEGG analysis of the 1990 DEGs in these datasets. The top 30 pathways shown based on the pvalue; (D) Prediction of the genome sequence targeted by
miR8175.

(E) Western blotting and densitometry analysis of PTPRF, PTP1B, SOCS3 protein levels in mouse liver following NC and miR8175 gavage administration.

(F) Western blotting and densitometry analysis of the PTPRF, PTP1B, SOCS3, protein levels in Hepa1-6 cell after transfecting miR8175 or ncRNA (G, H). Dual
luciferase reporter activities after transfecting 239T cells with miR8175 and reporter carrying 3' UTR in the long form of (G) Ptprf and (H) Ptp1b.

(I) Western blotting and densitometry analysis of insulin-stimulated phosphorylated IR, total IR, phosphorylated IRS, total IRS in mouse liver following NC and
miR8175 gavage administration. Data are presented as mean + SEM. *p < 0.05, **p < 0.01, and ***p < 0.001; Student’s t test (E-I).
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MiR8175 promotes insulin sensitivity by targeting Ptprf and Ptp1b to promote IR and IRS phosphorylation. Figure created using BioRender.

Limitations of the study

The mechanism by which miR8175 is absorbed by mice and how it is delivered to target tissues was not directly demonstrated in this study.
Based on preliminary research in the laboratory (Chen et al., 2021), it is suggested that miR8175 might be internalized by SIDT1 protein on the
gastric pit cells after entering the stomach, and then encapsulated into vesicles and secreted to other tissues or organs in the form of exo-
somes. However, in this study, we did not provide experimental evidence to further confirm this.
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KEY RESOURCES TABLE

iScience

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
PAKT Cell Signaling CAT#4060s

Technology RRID: AB_2315049
AKT Cell Signaling CAT#9272s;

Technology RRID: AB_329827
pIR Cell Signaling CAT#3024s;

Technology RRID: AB_331253
IR Cell Signaling CAT#9750s;

Technology RRID: AB_10950969
pIRS Abcam CAT#ab66153; RRID: AB_1140753
IRS Abcam CAT#ab46800; RRID: AB_881460
PTPRF Cell Signaling Technology CAT#17164;

RRID: AB_2798778

PTP1B Cell Signaling CAT#5311s;

Technology RRID: AB_10695100
Beta-actin Cell Signaling CAT#4968s;

Technology RRID: AB_2313904

Anti-rabbit IgG-HRP antibody

Anti-mouse IgG-HRP antibody

Santa Cruz Biotechnology

Santa Cruz Biotechnology

CAT#sc-2077;
RRID: AB_631745
CAT#sc-2314,
RRID: AB_641170

SOCS3 Cell Signaling Cat# 52113,
Technology RRID_AB_2799408
Chemicals, peptides, and recombinant proteins
Insulin Eli Lilly N/A
DAPI Fisher Scientific CAT#D1306
Fetal bovine serum Gibco CAT#10099-141
DMEM Gibco CAT#11965-092
Triton X-100 Roche CAT#11332481001
TRIzol Reagent Ambion CAT#10296028
Trizol LS Reagent Ambion Cat# 10296
60% high fat diet Research Diets CAT#D12492
RIPA buffer (10x) Cell Signaling Technology CAT# 9806
LIPOFECTAMINE 2000 REAGENT Invitrogen CAT#11668019
Reverse Transcriptase XL (AMV) Takara CAT#2621
dNTP Mixture Takara CAT#4019
Tag™ PCR Takara CAT#R500Z
Critical commercial assays
ECL Western Blotting Substrate Thermo Fisher CAT#32106
Mouse Insulin Elisa kit Mercodia CAT#10-1247-01
HDL kit Nanjing Jiancheng CAT#A112-1
LDL kit Nanjing Jiancheng CAT#A113-1
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REAGENT or RESOURCE SOURCE IDENTIFIER

TG kit Nanjing Jiancheng CAT#A110-1

TC kit Nanjing Jiancheng CAT#A111-1

Plant MicroRNA Kit Bioteke CAT#RP5331

BCA Protein Quantification Kit Vazyme CAT#E112-02

Universal Plant MicroRNAKit BioTeke CAT#RP5377

Deposited data

[GEQ]: [GSE248826] GEO https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE248826

[GEQO]: [GSE247265] GEO https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE247265

[GEO]:[GSE248220] GEO https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE248220

[Mendeley date]: [https://doi.org/10.17632/756ms}kj96.1] Mendeley date https://doi.org/10.17632/756msjkj96.1

Experimental models: Cell lines

Hepa 1-6 cell line ATCC BFN60700206

HEK293 cell line ATCC CRL-11268

Experimental models: Organisms/strains

Mouse: C57BL/6J NBRI CAT# N000013

Oligonucleotides

Tagman probe miR8175
Tagman probe miR8%94
Tagman probe miR172a
Tagman probe miR6118-3p
Tagman probe miR6113
Tagman probe miR156
Tagman probe miR168-5p
Tagman probe U6

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific

Thermo Fisher Scientific

CAT#4440887
CAT#4440886
CAT#4427975
CAT#4440886
CAT#4440886
CAT#4427975
CAT#4440887
CAT#4427975

miR8175-primer forward GenScript ACACTCCAGCTGGGGATCCCCGGCAACG

miR8175-primer Reverse GenScript CTCAACTGGTGTCGTGGAGTCGGC
AATTCAGTTGAGTGGCGCCG

miR6300-primer forward GenScript ACACTCCAGCTGGGGTCGTTGTAGTA

miR6300-primer Reverse GenScript CTCAACTGGTGTCGTGGAGTCGG
CAATTCAGTTGAGCCACTATA

miR8175 GenScript N/A

Software and algorithms

GraphPad Prism 8 Graphpad RRID: SCR_002798

Fiji-lmageJ National Inst. Of Health RRID: SCR_003070

RESOURCE AVAILABILITY

Lead contact

Further information and requests for reagents and resources should be directed to and will be fulfilled by the lead contacts, Yujing Zhang

(yjzhang@nju.edu.cn).

Materials availability
This study did not generate new unique reagents.
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Data and code availability
e The RNA-seq data have been deposited in the NCBI Gene Expression Omnibus under accession number GEO: GSE248826,
GSE247265, GSE248220. The accession number is listed in the key resources table. “Raw data from Figures 1, 2, 3, 4, 5, and 6 were
deposited on Mendeley at [Mendeley: https://doi.org/10.17632/756msjkj96.1]
e This paper does not report any original code.
e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animal

Male C57BL/6J mice were obtained from the Model Animal Research Center of Nanjing University. Animal experiments were approved by the
Animal Research Ethics Committee of Nanjing University and all experiments conformed to the relevant regulatory standards. All animals
were C57BL/6J background. Only male mice were used. The experiment used 8-week-old mice, and the experiment ended when they
were 24 weeks old. Mice were housed under a 12-h light/dark cycle in individual ventilated cages (IVC) with temperature controlled at
21°C-23°C. Eight-week-old mice were given a high-fat diet containing 60% fat, and in vivo experiments were performed after 8 weeks on
the high-fat diet. For burdock decoction, mice were gavage fed daily with burdock decoction (500uL) or physiological saline for six weeks,
and maintained a high-fat diet during the gavage period. For synthetic miR8175, mice were gavage fed daily with synthetic miR8175
(Tnmol) or ncRNA for six weeks, and maintained a high-fat diet during the gavage period. To investigate the kinetics of miR8175 in mice,
the mice were gavage fed with burdock decoction (500 uL) or 1 nmol synthetic miR8175, at different time intervals (1, 3, 6 or 12 h), mice
were sacrificed to collected the plasma samples and tissue samples for extracting total RNA.

Cell

Hepa1-6 cells were purchased from the China Cell Culture Center (Shanghai, China). The cells were cultured using DMEM (Gibco) with 10%
FBS (Gibco). The cell was routinely tested and confirmed to be free of mycoplasma (YK-DP-20, Ubigene Biosciences, Guangzhou, China). Syn-
thetic miR8175 or ncRNA was transfected into hepal-6 using Lipofectamine2000 (Invitrogen). After a 24-h incubation period, the cells were
washed with PBS and then lysed using RIPA buffer.

METHOD DETAILS
Burdock decoction

We obtained burdock root from a traditional Chinese herbal medicine store. The burdock roots (60 g) were immersed in 700 mL of water for a
duration of 30 min, and then boiled for 30 min, resulting in ~80 mL of decoction.

RNA extraction
RNA extraction from burdock decoction

First, we extracted the RNA from the burdock decoction using the phenol-chloroform method. Then, small RNAs in precipitated RNA were
extracted using a Universal Plant MicroRNA Kit (Bioteke) following the manufacturer’s instructions.

RNA extraction from burdock root

First, add 100mg of tissue to TmL of extraction buffer (5 mM EDTA, 0.2 M Tris-HCI, 0.2 M LiCl, 1/1000 volume of B-mercaptoethanol). After
grinding, the supernatant was transferred, and an equal volume of TRIzol LS (Ambion) was added. Then, small RNAs in precipitated RNA were
extracted using a Universal Plant MicroRNA Kit.

RNA extraction from serum and tissues

Total RNA in serum and isolated tissue were extracted by phenol-chloroform method and TRIzol reagent (Ambion), respectively.

gRT-PCR of plant microRNA

We performed gRT-PCR using TagMan miRNA probes (Applied Thermo Fisher). In tissues, plant-miRNA expression levels were normalized to
U6 expression (Applied Thermo Fisher). We estimated relative miRNA expression levels using 2—AACt (ACt sample—ACt control). For serum,
burdock decoction, and burdock, the absolute expression level of miRNA was calculated using the corresponding standard curve. We reverse

transcribed a series of miRNAs at known concentrations using synthetic miRNA oligonucleotides. qRT-PCR was performed using a
LightCycler 480 Il (Roche).

lllumina deep sequencing

RNAs from burdock decoction were isolated following the method described above. lllumina sequencing was performed by BGI (Shenzhen,

China).
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Pull-down experiment

The biotin-modified miR8175 mimics were transfected into Hepa1-6 cells, and total RNA was collected 24 h after transfection. The RNA bound
to miR8175 was enriched using streptavidin-coated magnetic beads and analyzed by deep sequencing. To prepare the sequencing library,
the lllumina TruSeq RNA Sample Prep Kit (Cat#FC-122-1001) was utilized. RNA sequencing was performed on the lllumina HiSeq 2500 plat-
form, and the analysis was conducted by CapitalBio Technology (Beijing, China).

RNA-seq library preparation and sequencing

The total RNA extraction used for sequencing was evaluated using TRIzol reagents (Invitrogen, Pleasanton, CA, USA) and the quantity and
purity of the obtained total RNA were evaluated using Bioanalyzer 2100 (Agilent, Santa Clara, CA, USA). RNA sequencing libraries were gener-
ated using the lllumina TruSeq RNA Sample Prep Kit (Cat#FC-122-1001), starting with approximately 1pg of total RNA. Single-end sequencing
was conducted on an lllumina HiSeq 2500 platform at Capitalbio (Beijing, China).

Western blot

Add protease and phosphatase inhibitor (Sangon) to RIPA buffer (CST) to prepare lysis solution for cell or tissue lysis, the supernatant was
retained for Western blot analysis. The samples were subjected to 10% or 8% SDS polyacrylamide gel electrophoresis, and then transferred
onto a PVDF membrane (Roche). Subsequently, incubate the membrane with the first antibody at room temperature for 3 h or at 4°C over-
night. The primary antibodies included phosphor-Akt (Serd73, CST), Akt (CST), GAPDH (Santa Cruz) and B-actin (CST). The secondary anti-
bodies included goat antirabbit (CST) and goat antimouse (CST). The bands were detected using an imaging system (Tannon).

Glucose tolerance test and insulin tolerance test

After fasting overnight, mice underwent glucose tolerance tests, and then intraperitoneal injected with 1 g/kg weight glucose, blood glucose
levels were detected after 15, 30, 60 and 90 min via the tail vein. After fasting é h, mice were intraperitoneal injected with insulin (0.75 units/kg
body weight) and were detected blood glucose levels after 15, 30, 60, 90 and 120 min via the tail vein.

Evaluate insulin sensitivity in mouse liver

Mice were fasted for 6 h and injected with 0.75 units/kg of insulin. After 15 min, the mice were euthanized, and liver tissues were collected. The
expression levels of pAKT in mouse liver before and after insulin stimulation were detected by Western blot.

Histopathological examination of pancreatic tissue

The obtained pancreatic tissue was fixed in 4% paraformaldehyde and embedded in paraffin. Sections of 5 um in thickness were prepared,
and after deparaffinization, the sections were dehydrated with a series of ethanol gradients (100%, 95%, 80%, and 70%). Subsequently, stain-
ing was performed using hematoxylin and eosin (H&E), and the size and quantity of islets were analyzed.

sEV isolation
sEV were isolated from mouse serum by differential centrifugation. Briefly, by centrifugation at 300X g to remove cells, at 3000% g to remove

other debris, at 10000% g to remove large vesicle. The supernatant was centrifuged by using a high-speed centrifuge to separate extracellular
vesicles at 120000% g for 2-3 h.

Plasmid conduction and luciferase assay

Apply TargetScan online software to predict miR8175 target genes. For the luciferase reporter assays, In the luciferase reporter gene detec-
tion, the 3’UTR regions of Ptprf and Ptp1b are inserted downstream of the Renilla luciferase gene, containing potential wild-type or mutant
miR8175 binding sites. The HEK293 cells were plated on plate (12-well) and cotransfected with firefly luciferase reporter plasmid (0.4 pg),
B-galactosidase expression vector (0.4 pg, Ambion) and equal amountsof mature miR8175 (50 pmol) or ncRNA. After cotransfection for
24 h, the cells were analyzed and the luciferase activity of the Renilla luciferase were detected.

QUANTIFICATION AND STATISTICAL ANALYSIS

We performed our statistical analysis using GraphPad Prism 8.0. The data are presented as the mean + SE. If it conforms to a normal distri-
bution, perform unpaired Student’s t test (double tailed), one-way ANOVA, or two-way ANOVA. If it does not follow a normal distribution,
Kruskal Wallis one-way ANOVA will be performed, followed by Dunn multiple comparison test or Mann Whitney U test (double tailed). The
level of statistical significance was set at p < 0.05.
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