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Targeting ANGPTL3 by GalNAc-conjugated siRNA
ANGsiR10 lowers blood lipids with long-lasting
and potent efficacy in mice and monkeys
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Angiopoietin-like protein 3 (ANGPTL3) is an important regu-
lator of lipoproteins by inhibiting both lipoprotein and endo-
thelial lipases. It has been intensively investigated as a drug
target for the treatment of dyslipidemia. In the present study,
a modified small interfering RNA (siRNA) conjugated with
GalNAc ANGsiR10 was characterized by in vivo and in vitro
studies for its effect on ANGPTL3 silencing, the reduction of
plasma triglycerides (TGs), and cholesterol levels in disease
models. The results showed that ANGsiR10 displayed a signifi-
cant and long-lasting efficacy in reducing blood TG and choles-
terol levels in both mice and monkeys. Remarkably, the
maximal reductions of plasma TG levels in the hApoC3-Tg
mice, a model with high TG levels, and the spontaneous dysli-
pidemia model of rhesus monkey were 96.3% and 67.7%,
respectively, after a single dose of ANGsiR10, with long-lasting
effects up to 15 weeks. The cholesterol levels were also reduced
in response to treatment, especially the non-HDL-c level,
without altering the ApoA/ApoB ratio. This study showed
thatANGsiR10 is effective in treating dyslipidemia and is worth
further development.
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INTRODUCTION
Dyslipidemia is a well-established risk factor for atherosclerosis and
ischemic heart disease, including coronary heart disease and related
myocardial infarction, a cluster of cardiometabolic diseases that is
the leading cause of death worldwide. Although various medications
can effectively reduce levels of plasma low-density lipoprotein choles-
terol (LDL-c),1 the medicine for efficient reduction of triglycerides
(TGs) and non-high density lipoprotein cholesterols (non-HDL-c)
is still an unmet need. Recently, multiple novel targets were identified.
Particularly, targeting angiopoietin-like protein 3 (ANGPTL3) was
found to be promising and has been intensively studied.

ANGPTL3 is highly expressed in the liver and has been identified as an
important regulator of lipoproteins by inhibiting lipoprotein lipase,
which hydrolyzes TGs and phospholipids, and endothelial lipase, an
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extracellular lipase involved in the catabolism of HDL particles, though
the precise mechanisms have yet to be elucidated.2,3 Loss-of-function
mutations in ANGPTL3 resulted in decreased levels of TGs, total
cholesterol, and non-esterified fatty acids (NEFAs) inmice.4 Moreover,
clinical studies suggested a positive correlation between plasma
ANGPLT3 levels and carotid/femoral artery intima thickness.5,6

Accordingly, genetic studies have demonstrated that heterozygous car-
riers of loss-of-functionmutations in theANGPTL3 gene are associated
with a 34% decrease in cardiovascular events.7 In addition, ANGPTL3
may have pro-inflammatory and pro-angiogenic effects and a negative
effect on cholesterol efflux, implying additional pro-atherosclerotic
properties of ANGPTL3 beyond its lipid-lowering activity.8

To date, several experimental modalities have been developed for this
target, including monoclonal antibodies (mAbs), small interfering
RNA (siRNA), and anti-sense oligonucleotide (ASO) agents.9,10 The
first drug targeting ANGPTL3, evinacumab, was approved by the
US FDA for the treatment of homozygous familial hypercholesterole-
mia in 2021. TG reduction up to 93.2% was achieved in patients with
severe hypertriglyceridemia.11 Vupanorsen, an N-acetyl galactos-
amine-conjugated ASO targeting hepatic ANGPTL3mRNA, reduced
TGs by 44% and very-low-density lipoprotein cholesterols (VLDL-c)
by 38% in patients with hypertriglyceridaemia.12 Moreover, an siRNA
targeting ANGPTL3, ARO-ANG3, was shown to reduce TGs by 47%–
53% and VLDL-c by 49%–51% after 16 weeks in a phase 1/2 trial.13
uthors.
//creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. Screening and validation of siRNAs targeting ANGPTL3

(A and B) The siRNAs were screened in vitro by luciferase assay in HEK293 cells (A) and inhibition assay in Huh7 cells (B). (C–E) The effect of ANGPTL3 silencing was further

evaluated in C57BL/6 mice (C), ob/ob mice (D), and hApoC3-Tg mice (E) by measuring mRNA levels of ANGPTL3 in the liver by real-time PCR. (F) The serum ANGPTL3 level

was measured by ELISA in hApoC3-Tg mice. Data are represented as mean ± SEM. NC, negative control; PC1/PC, positive control. Unpaired t test was performed

comparing the ANGsiR10 group with the negative control. *p < 0.05; **p < 0.01.
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RNA interference (RNAi) therapeutics provide a novel strategy to
treat diseases by silencing targets that used to be “undruggable” by
traditional medicines. However, there are still hurdles in the develop-
ment of RNAi-based therapies, including tissue penetration, intracel-
lular delivery and trafficking, degradation, and immune-mediated tox-
icities.14 Tremendous efforts have been exerted in the field, and major
progress has been made. Chemical modification combined with
conjugation/complexation has greatly improved the pharmacokinetic
and pharmacodynamic properties of RNAi therapeutics.15 The conju-
gation of chemically modified siRNAs to a synthetic triantennary
N-acetylgalactosamine (GalNAc) ligand represents a promising
approach for safe and effective targeted delivery of RNAi therapeutics
to hepatocytes in vivo,16 and three GalNAc-siRNA therapeutics have
been approved in recent years.17,18 In the present study, a GalNAc-
conjugated siRNA targeting ANGPTL3 was developed and evaluated
for efficacy in both mouse and monkey dyslipidemia models.

RESULTS
In vitro and in vivo screening of siRNA targeting ANGPTL3

siRNAs were designed according to human ANGPTL3 mRNA
(NM_014495.3), with particular consideration to avoid highly homol-
ogous sequences like ANGPTL4 and ANGPTL8. The siRNAs used in
the present study are listed in Table S1. To enhance their stability and
specificity, chemical modifications with methoxyl groups, fluorine at
20 site hydroxyl groups, or phosphorothioates at the phosphonate
backbone were placed at certain sites of the sense and anti-sense
strands of siRNA. To achieve liver targeting, GalNAc conjugation
was placed at the 30 end of the sense strands of siRNA (Figure S1A).
The modification significantly enhanced the siRNA’s stability (Fig-
ure S1B). In addition, the tissue distribution assay showed that
GalNAc-conjugatedANGsiR10was enriched in the liver (Figure S1C).

The siRNAs were screened using the dual-luciferase assay as
described before.19 The siRNAs that inhibited luciferase activity in
a dose-dependent manner were identified as effective (Figure 1A).
The inhibitory rate of some of siRNAs wasmore than 90% at the high-
est concentration (1 nM). The knockdown efficiency of ANGPTL3 by
the siRNAs was further analyzed in Huh7 cells (Figure 1B).

The most potent siRNAs, ANGsiR10 (sequence shown in Figure S1A)
and ANGsiR11, with a sequence homologous to the target gene of not
only human but also monkeys and mice, were then evaluated in vivo.
Both siRNAs showed effectiveness in silencing ANGPTL3 in C57BL/6
mice in the liver (Figure 1C). Then, we used ANGsiR10 to further
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Figure 2. ANGsiR10 significantly reduced the plasma TG and cholesterol levels in hApoC3-Tg mice

hApoC3-Tg mice was treated with a single subcutaneous injection of ANGsiR10 (1 or 3 mg/kg). (A–D) TG (A), total cholesterol (B), and HDL-c (C) levels were monitored up to

14 weeks, while non-HDL-c (D) was calculated as the level of the total cholesterol minus that of the HDL-c. Multiple-dose regimens were performed using hApoC3-Tg mice.

ANGsiR10was administered in three regimens, e.g., 9mg/kg� 1, 3mg/kg qw� 3, and 3mg/kg q4w� 3. (E and F) Both TG (E) and total cholesterol (F) levels weremonitored

up to 19 weeks. NC, negative control; PC, positive control. Data are represented as mean ± SEM of the percentage of baseline levels. Paired t test was performed compared

with the baseline level. *p < 0.05; **p < 0.01; ***p < 0.001.
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evaluate the efficacy of silencing ANGPTL3 in the liver of an obese
mouse model, ob/ob mice. ANGsiR10 showed dose-dependent effi-
ciency in silencing ANGPTL3 in ob/ob mice (Figure 1D). Further-
more, a dose-dependent reduction of ANGPTL3 was seen in both
the liver (Figure 1E) and serum (Figure 1F) in a high TG model of
hApoC3-Tg mice after the treatment of ANGsiR10. However, the
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) levels of the hApoC3-Tg mice were not significantly changed
by the treatment (Figures S2A and S2B).

TG and cholesterol levels were remarkably decreased by

ANGsiR10 in hApoC3-Tg mice

To further assess efficacy, hApoC3-Tg mice were treated with a single
injection of ANGsiR10 (1 or 3 mg/kg subcutaneously [s.c.]). Serum
70 Molecular Therapy: Nucleic Acids Vol. 31 March 2023
TG and total cholesterol levels weremonitored for 14 weeks. TG levels
were significantly decreased in both treatment groups (Figure 2A).
The highest inhibition rate was 96.3%. Total cholesterol levels were
also significantly decreased up to 75.3% in both groups with dose
dependence (Figure 2B). However, the HDL-c levels were not
changed (Figure 2C), but the non-HDL-c levels were significantly
decreased (Figure 2D). Both low and high doses of ANGsiR10 showed
efficacy in lowering lipids, while the high-dose group showed a more
potent and sustainable efficacy with the inhibition of TG and choles-
terol sustained up to 14 weeks.

To further explore the regimen, multiple-dose regimens were car-
ried out using the hApoC3-Tg mice. ANGsiR10 was administered
in three scenarios, e.g., 3 mg/kg once weekly (qw) � 3, 3 mg/kg



Figure 3. Percentage change in plasma lipids in dyslipidemic monkeys after the treatment of ANGsiR10

Twelve monkeys were divided into two groups and administered ANGsiR10 (9 mg/kg) or scramble siRNA as a negative control. (A–G) Blood samples were collected before

and after treatment (weekly up to 5 weeks and then biweekly) and analyzed for TG (A), total cholesterol (B), non-HDL-c (C), HDL-c (D), LDL-c (E), ApoA (F), and ApoB (G). (H)

The ApoA/ApoB ratio was calculated. Data are represented as mean ± SEM of the percentage of baseline levels. For each parameter, paired t test was performed comparing

the value after treatment with the average baseline level. *p < 0.05; **p < 0.01; ***p < 0.001.
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every four weeks (q4w) � 3, and 9 mg/kg � 1. TG and total choles-
terol levels were significantly decreased in all treatment groups
(Figures 2E and 2F). The maximum inhibition rate was similar in
the three groups. The 3 mg/kg q4w group was superior to the other
groups, where the inhibition was still significant for TGs (inhibited
by 45% at week 19) and total cholesterol (inhibited by 27% at week
17), when the TG and total cholesterol levels returned to the base-
line of the single-dose group. The effect of the 3 mg/kg qw group
was somewhere in between.
Plasma lipids were persistently decreased by single-dose

treatment of ANGsiR10 in a dyslipidemic monkey model with

spontaneous metabolic syndrome

To further evaluate its efficacy,ANGsiR10was tested in a dyslipidemic
monkey model with spontaneous metabolic syndrome, which is char-
acterized by elevated blood TG levels, obesity, and other metabolic
changes. Before treatment, a single-dose pharmacokinetic (PK) study
was performed in one male and one female healthy monkey
(Figure S3).
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Figure 4. The expression of ANGPTL3 was inhibited

in the monkeys treated with ANGsiR10

Before and after treatment with ANGsiR10 or scramble

siRNA as a negative control, liver biopsy and blood sam-

pling were performed and analyzed for the expression of

ANGPTL3 by real-time PCR for mRNA and ELISA for

protein. (A and B) The relative mRNA levels in the liver

(A) and the protein levels in the serum (B) were

significantly decreased in the ANGsiR10-treated group.

(C) No sign of inflammation and/or tissue damage was

observed in H&E-stained sections of livers in either the

control or treatment group. (D and E) The ALT (D) and

AST (E) levels in plasma were measured. Data are

represented as mean ± SEM. Paired t test was

performed compared with the baseline level. *p < 0.05;

**p < 0.01; ***p < 0.001.
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Twelve dyslipidemic monkeys were divided into two groups, e.g., the
ANGsiR10 group (n = 8), which was treated with a single dose of
ANGsiR10 (9 mg/kg, s.c.), and the control group, treated with a single
dose of scramble siRNA (9 mg/kg, s.c.) (n = 4). Plasma lipids and
lipoproteins were monitored for up to 15 weeks. Liver biopsy was per-
formed before dosing and at 4 and 15 weeks after dosing.

TG levels were decreased after 1 week of treatment and reached
maximal reduction of 67.7% compared with control at 4 weeks after
treatment (Figures 3A and S4A). At the end of the study (week 15),
the inhibitory effect on TG levels was still maintained with a 21.9%
decrease compared with baseline levels. The total cholesterol and
non-HDL-c levels were also significantly decreased with a bottom
at 4 weeks after the dosing (Figures 3B, 3C, S4B, and S4C), while
the HDL-c and LDL-c levels were not changed (Figures 3D, 3E,
S4D, and S4E). The changes in total cholesterol correlated well with
72 Molecular Therapy: Nucleic Acids Vol. 31 March 2023
non-HDL-c (Figure S4F), indicating that the
decrease in total cholesterol was mainly from
non-HDL-c. Lipoprotein A (LPA) levels were
transiently decreased 1–2 weeks after the treat-
ment of ANGsiR10 but recovered at week 3 (Fig-
ure S4G). ApoA levels were significantly
decreased (Figures 3F and S4H), while ApoB
levels showed a downward trend but were only
significant at week 3 (Figures 3G and S4I).
Hence, the ApoA/ApoB ratio was not signifi-
cantly changed in response to treatment
(Figures 3H and S4J). ApoC3 levels were moder-
ately decreased from week 9 and went back to
basal levels at week 15 (Figure S4K). No obvious
change in liver fat deposition was found after
treatment as shown by oil red O staining
(Figure S5).

The silencing efficiency of ANGsiR10 was as-
sessed by measuring the expression levels of
ANGPTL3 in liver (mRNA) as well as in serum
(protein) using real-time PCR and ELISA, respectively. In accordance
with the lipid-lowering effect, mRNA levels of ANGPTL3 in the liver
were decreased by 88.8% 4 weeks after dosing and remained
depressed at 39.1% at the end of the study (Figure 4A). The serum
levels of ANGPTL3 were also decreased by 85.1% at week 4 and
40.3% at the end of the study (Figure 4B). Histopathology of the liver
biopsy samples did not show signs of inflammation and/or damage
after treatment (Figure 4C). The levels of ALT and AST were signif-
icantly decreased after treatment in both the control and treatment
groups (Figures 4D and 4E), but the potential mechanisms and clin-
ical relevance remain to be elucidated.

In addition, body weight and waist size were significantly decreased at
the end of the study in the ANGsiR10 group (Figures 5A and 5B).
Blood pressure was not affected by treatment (Figures 5C and 5D).
Fasting plasma glucose and insulin levels were not changed compared



Figure 5. The effect of ANGsiR10 on physiological parameters was investigated in monkeys

The body weight (BW) (A); waist (B); systolic/diastolic blood pressure (SBP/DBP) (C and D); fasting plasma glucose (FPG) (E); insulin (F); white blood cell (WBC) count (G); and

high-sensitivity C-reactive protein (hsCRP) (H) were measured at baseline and 4 and 15 weeks after the dosing. Scramble siRNA was used as a negative control. Data are

represented as mean ± SEM. Paired t test was performed compared with the baseline level. *p < 0.05; **p < 0.01; ***p < 0.001.
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with baseline (Figures 5E and 5F). There were no significant changes
in white blood cell counts or high-sensitivity C-reactive protein
(hsCRP) during the study (Figures 5G and 5H).

DISCUSSION
In the present study, we developed a chemically modified siRNA
ANGsiR10 conjugated to GalNAc that efficiently reduced the expres-
sion of ANGPTL3 both in vivo and in vitro. Its efficacy was assessed
using both mouse models and a dyslipidemic monkey model of spon-
taneous metabolic syndrome. In particular, beneficial effects of
lowering plasma lipids and body weight were observed in dyslipi-
demic monkeys.

The reduction of plasma TG levels was the most robust phenotype in
response to treatment withANGsiR10, which is consistent with effects
of antibody treatment, as well as ASO targeting of ANGPTL3.20-22 In-
hibition of TGs byANGsiR10was significant up to 15 weeks, while the
effects from antibody lasted only 5 weeks in the respective monkey
studies,20 indicating the advantage of siRNA therapeutics. Elevated
plasma TG levels are strongly associated with increasing risks of
atherosclerosis, myocardial infarction, coronary heart disease, and
ischemic stroke.23-26 Our results showed that ANGsiR10 has a pro-
found effect in lowering plasma TGs andmight provide more benefits
in reducing the risk of cardiovascular diseases.
Mounting evidence has established the link between cholesterol levels
and atherosclerosis.27 Increased LDL-c and decreased HDL-c levels
are well-established biomarkers for increased risk of atheroscle-
rosis.28,29 The ratio of ApoA, the major apolipoprotein of HDL,
and ApoB, the major apolipoprotein of atherogenic lipoproteins
such as VLDLs, intermediate-density lipoproteins (IDLs), and
LDLs, is also a widely used biomarker for the development and pro-
gression of atherosclerosis and cardiovascular diseases.30-32 We
measured these proteins in the animal models to assess the effect of
ANGsiR10 in lowering lipid levels and risk reduction of cardiovascu-
lar disease.

Total cholesterol plasma levels were also significantly reduced by
ANGsiR10 treatment in our animal models. The non-HDL-c levels
were also obviously reduced upon ANGsiR10 treatment, while the
reduction of LDL-c levels was not significant, which is consistent with
studies of anti-ANGPTL3mAbs inmonkeys.20 Thisfindingwas consis-
tentwith the LDL-c-lowering effect ofARO-ANG3, reportedonly in pa-
tients with familial hypercholesterolemia with elevated LDL-c.33

Whether the knockdown of ANGPTL3 is effective in patients with
moderately increased LDL-c levels awaits further verification.

The levels of ApoA and ApoB, but not the ApoA/ApoB ratio, were
significantly decreased after treatment, and there was a transient
Molecular Therapy: Nucleic Acids Vol. 31 March 2023 73
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reduction in the HDL-c levels at the beginning of treatment, with a
return to normal levels after a couple of weeks in our study. These re-
sults are consistent with a human genetic study.34,35 These results,
together with previous studies, suggest that the dosage of the siRNA
and the treatment regimen for silencing ANGPTL3 might be critical
for the protective effects of HDL-c and, therefore, worthy of further
careful characterization. In addition, the mouse study showed that
reduction of ANGPTL3 expression is protective not only against
hyperlipidemia but also atherosclerosis, perhaps due to the enhanced
catabolism and clearance of TG-rich lipoproteins.36 Nevertheless, the
anti-atherogenic effect of anti-ANGPTL3 treatment awaits further
investigation in populations at high risk for atherosclerosis. Vupa-
norsen, an ASO of ANGPTL3 mRNA, reduced ApoC3 by 58%.12

However, ApoC3 was only transiently decreased in themonkey study.

The majority of the siRNA is rapidly taken up by liver.37 ANGPTL3 is
exclusively expressed in the liver, making it an ideal target for RNAi
therapeutics since delivery to liver is one of the most mature tech-
niques in the field.38 The delivery techniques of RNAi therapeutics
have continuously advanced to overcome its innate deficiencies,
such as instability, poor PK profiles, poor cellular internalization,
etc., which will facilitate future applications in clinics.39-42 Our PK
study in monkeys showed a typical PK profile for GalNAc-conjugated
siRNA that peaked around 2–4 h after dosing and was eliminated
from the circulation after 48 h. However, the effects on ANGPTL3
silencing and the reduction of plasma lipids were long lasting in
both mice and monkeys. More importantly, the lowering effect of a
single-dose treatment on blood lipids in mice achieved a comparable
efficacy with multiple dosing, which is in agreement with the proper-
ties of other GalNAc-siRNA drugs and supportive of less-frequent
administration for clinical applications.

Besides therapies targeting only ANGPTL3, targeting the ANGPTL3/
8 complex has also attracted attention. Very recently, an antibody
blocking the binding of the ANGPTL3/8 complex to lipoprotein
lipase (LPL) was developed and significantly reduced serum TG levels
in a hypertriglyceric mice model.43 ANGPTL3 inhibition of LPL re-
quires complex formation with ANGPTL8, which is not required
for its inhibition of endothelial lipase (EL).44 The effect of the anti-
ANGPTL3/8 complex antibody on HDL-c and LDL-c may be
different from the treatment of ANGPTL3 silencing since the effects
seem to be EL dependent.45,46

In summary, a comprehensive preclinical evaluation of an siRNA
therapeutic, ANGsiR10, was performed. The results showed that
ANGsiR10 effectively inhibited the expression of ANGPTL3 and
reduced the plasma levels of TG and cholesterol in both mice and
monkey. Further investigation is needed to explore the potential clin-
ical application.

MATERIALS AND METHODS
Animals

All mouse procedures were conducted in compliance with protocols
approved by the Ribo Life Science Institutional Animal Care and Use
74 Molecular Therapy: Nucleic Acids Vol. 31 March 2023
Committee. All mice were maintained in a temperature-controlled
barrier facility under specific-pathogen-free conditions with a 12 h
light/dark cycle and were given free access to water and food.

The study with dyslipidemic monkeys was approved by the Ethics
Committee of Peking University and carried out in the animal facility
of Peking University accredited by the Association for Accreditation
of Laboratory Animal Care (AAALAC). Monkeys were individually
housed with a 12 h light/dark cycle. The environmental temperature
was between 18�C and 24�C, and the humidity was between 40% and
70%. The monkeys had free access to water and were fed ad libitum
with standard pellet monkey chow (Beijing HFK Bio-Technology,
Beijing, China).

All experiments involving animals conformed to the regulations for
experimental animals of the People’s Republic of China.

Characterization of siRNA targeting ANGPTL3

All siRNAs used in this study were designed and synthesized by Suz-
hou Ribo Life Science (Kunshan, China) (Table S1). siRNAs targeting
human ANGPTL3 were designed and screened using the dual-lucif-
erase (Firefly-Renilla) assay. HEK293A cells were plated into
24-well plates at �1 � 105 cells/well 24 h before transfection. A
psi-CHECK vector (100 ng/well), which carries both the Firefly lucif-
erase gene and Renilla luciferase gene, as well as the target site of the
siRNA to be tested, was transfected into HEK293A cells using Lipo-
fectamine 2000 (Invitrogen, Waltham, MA, USA) at �70% conflu-
ence, together with the siRNA at the appropriate concentration.
The siRNA target sequence was inserted into the multiple cloning
site downstream of the coding region of Renilla luciferase (Renilla).
Firefly luciferase (Firefly) was the internal reference. The activity of
both luciferases was determined 24 h after transfection using a Syn-
ergy HT fluorometer (BioTek Instruments, Winooski, VT, USA).
Cells were lysed with passive lysis buffer (Promega, Madison, WI,
USA). Cell lysate (10 mL) was transferred into a 96-well plate, and
the substrate reagents were added. Firefly and Renilla luciferase activ-
ities were evaluated using the dual-luciferase reporter assay system
(Promega) according to the manufacturer’s instructions, and Renilla
activity was normalized by the Firefly activity. A non-specific siRNA,
not targeting any gene in transcripts of human, mouse, or monkey,
was used as the negative control in all screening assays. The positive
control (PC1) in the luciferase assay is an siRNA targeting the psi-
CHECK vector to monitor whether the screening system worked.
All experiments were repeated at least three times.

The inhibitory rate of ANGPTL3 by the siRNAs was evaluated using
both in vitro and in vivo models. The siRNAs were transfected into
Huh7 cell at a final concentration of 50 nM, and the mRNA levels
of ANGPTL3 were measured by real-time PCR. The PC was an un-
modified siRNA with an identical sequence to ARO-ANG3. The
most potent siRNAs in inhibiting ANGPTL3 expression levels were
then conjugated with Tris-GalNAc at the 30 end of the sense strand.
GalNAc can specifically bind to the asialoglycoprotein receptor
(ASGPR), which is highly expressed on hepatocytes, and results in
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effective liver-targeted delivery.47,48 GalNAc-conjugated siRNAs were
further assessed in vivo.

To evaluate the stability of GalNAc-conjugated ANGsiR10, the siRNA
was incubated with human serum (Xenotech, Kansas City, KS, USA)
at a final concentration of 2 mM at 37�C up to 72 h and analyzed on
15% PAGE gel with the unmodified ANGsiR10 as the control. Tissue
distribution of GalNAc-conjugated ANGsiR10 was also investigated
in 6- to 8-week-old male C57BL/6 mice (n = 3) and one 6-year-old
male rhesus monkey. A single dose of ANGsiR10 was administered
s.c. (3 mg/kg), andmultiple tissues were harvested 24 h later. The level
of ANGsiR10 was determined by liquid chromatography-mass spec-
trometry (LC-MS).

siRNAs were administered subcutaneously in 6- to 8-week-old female
C57BL/6 mice (Beijing Vital River Laboratory Animal Technology,
Beijing, China) (n = 5 per group). The livers were collected on the
eighth day after dosing and analyzed for ANGPTL3 expression levels
by real-time PCR. The best siRNA ANGsiR10 was further character-
ized at three doses (0.3, 1, and 3mg/kg) in the 6- to 8-week-old female
ob/ob mice (Cavens Biogle [Suzhou] Model Animal Research, Suz-
hou, China) (n = 3–7 per group) and in high TG hApoC3 transgenic
mice (The Jackson Laboratory, Bar Harbor, ME, USA) (n = 8–10 per
group, male:female [M:F] = 1:1) at two doses (1 and 3 mg/kg). The
inhibition of ANGPTL3 expression in liver was evaluated by real-
time PCR. The serum levels of ANGPTL3 were measured in the
hApoC3 transgenic mice by ELISA (R&D, cat. no.MANL30). In addi-
tion, those serum samples were sent to Dian Diagnostics to measure
ALT and AST by biochemical analyzer.

Evaluation of the efficacy in hApoC3-Tg mice

hApoC3 transgenic mice (6 to 8 weeks old) were purchased from The
Jackson Laboratory and bred in the Beijing Laboratory Animal
Research Center. Mice were maintained on regular chow diet (Beijing
Keao Xieli Feed, Beijing, China). To establish a baseline lipid profile,
blood samples were collected prior to the first dosing. On study day 0,
mice were sorted into treatment groups (n = 6 per group) and then
administered a single s.c. injection of ANGsiR10 at two different
doses, e.g., 1 and 3 mg/kg. A non-specific siRNA, not targeting any
gene in transcripts of human, mouse, or monkey, was used as the
negative control. ANG65695, an siRNA prepared following the proto-
col provided in the patent of ARO-ANG3 (patent no. US 2019/
0,078,089 A1)49 was used as the PC. Blood samples were collected
weekly for up to 6 weeks and then biweekly up to 14 weeks after
dosing, and serum TG, total cholesterol, and HDL-c levels were
analyzed by the automated chemistry analyzer (Cobas 8000 cc701,
Roche, Basel, Switzerland). ANGPTL3 mRNA levels were measured
by real-time PCR.

Multiple-dose regimens were also performed using the hApoC3
transgenic mice. Three treatment groups (n = 4–6 per group) were
set up to evaluate three regimes, e.g., 9 mg/kg � 1, 3 mg/kg
qw � 3, and 3 mg/kg q4w � 3. Blood samples were collected at 0.5
and 1 week and then biweekly up to 19 weeks after dosing, and serum
TG and total cholesterol levels were analyzed by the automated chem-
istry analyzer (Cobas 8000 cc701, Roche). ANGPTL3 mRNA levels
were measured by real-time PCR.

Spontaneous dyslipidemic monkey model

In brief, 12 male rhesus monkeys with spontaneous metabolic syn-
drome (dyslipidemic) having significantly elevated TG levels as
described in a previous study were used in the present study.50 The
animals were divided into two groups, 8 in the ANGsiR10 treatment
group and 4 in the control group treated with scramble GalNAc-
siRNA. Both baseline blood and liver biopsy samples were collected
prior to dosing. The liver biopsy was performed using a biopsy needle
(SC18/10, GMT Medical, Beijing, China) under the guidance of
ultrasound (GE vivid E9) in anesthetized animals. A single dose of
either ANGsiR10 or scramble siRNA (9 mg/kg) was administered
s.c., and animals were followed via blood samples for up to 15 weeks
to test efficacy. Biochemistry analysis was performed using the
automated chemistry analyzer (Cobas C311, Roche). Insulin was
analyzed by the Roche Cobas e411 analyzer. Blood cell counting
was performed using IDEXX ProCyte Dx. (IDEXX Laboratories,
Westbrook, ME, USA). Plasma levels of LPA and ApoC3 were
analyzed using monkey ELISA kits (Bluegene, cat. nos. E09L0258
and E09A0516, respectively).

For H&E staining, the liver tissue was fixed with 4% paraformalde-
hyde immediately after biopsy, paraffin embedded, dewaxed, rehy-
drated, and then stained with H&E using standard protocols. For
oil red O staining, frozen sections were stained with oil red O accord-
ing to standard protocols.

The single-dose PK profile was also analyzed in one male and one fe-
male healthy monkey. Blood samples were collected at 0, 0.25, 0.5, 1,
2, 4, 6, 24, and 48 h after dosing. The serum was analyzed by mass
spectrum (Thermo Fisher Scientific Q Exactive FocusTM HRAM)
for both the sense and anti-sense strands of AGNsiR10.51,52

Statistical analyses

Data were analyzed by unpaired t tests (Figures 1, 2, and 3) or paired
t tests (Figures 4, 5, and S4) where *p < 0.05, **p < 0.01, and
***p < 0.001. GraphPad Prism 9 was used for statistical analyses.
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