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With the development of a small interfering RNA (siRNA) delivery strategy, increasing siRNA therapeutics
for tumor treatment appeared in clinical trials and pre-clinical development. However, the test results
of such therapeutics unveiled that efficient siRNA delivery to tumor tissues is still challenging. Albumin
is considered an ideal carrier for delivering hydrophobic agents into tumor tissue because it is highly
concentrated and long-circulating in blood and has propensity of tumor enrichment. Herein, we synthe-
sized lipid conjugated siRNAs (LsiRNAs), which showed high affinity to albumin. Mechanistically, LsiRNAs
non-covalently bind to the hydrophobic core of albumin through its octadecyl tails. The small size of al-
bumin/LsiRNAs allows the complex to penetrate tumor tissue efficiently. Biodistribution test proved that
albumin extremely prolonged circulation time and increased tumor retention of associated LsiRNAs. No-
tably, LsiRNA against programmed death ligand-1 (PdI1) efficiently suppressed tumor growth as well as
prolonged survival time of tumor bearing mice by increasing infiltration of CD8* T cells as well as pro-
moted the maturation of dendritic cells both in tumor and lymph. Together, LsiRNAs provide a simple but

effective way for siRNA tumor delivery that “hitchhikes” on albumin.
© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Small interfering RNAs (siRNAs) can silence almost any target
gene in complete base pairs complementary manner [1], such pro-
cess can effectively cure diseases due to proteins’ abnormal high
expression [2] or malfunction. Thus, RNAi therapy is considered
one of the most promising biopharmaceutical technologies after
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small molecule drugs and monoclonal antibodies, because it of-
fers a treatment strategy for diseases that seem undruggable and
untargetable. Unfortunately, it still faces many challenges, espe-
cially the lack of ideal carriers [3]. To address this, numerous ve-
hicles were developed, including lipid or lipidoid nanoparticles
(LNPs) [4-6], polymers [7,8] or dendrimers [9,10], exosomes [11],
peptides [12-15], DNA carriers [16-18], inorganic carriers [19] or
others. Among them, LNPs are a significant class of siRNA deliv-
ery systems because they show high siRNA encapsulation capacity
and satisfactory delivery efficiency. Onpattro® (Alnylam), the first
commercially approved siRNA therapeutic, demonstrated the high
gene silence potency and prolonged blood circulation that LNPs
can achieve. But the high level of unnatural nanomaterials is con-
sidered the leading cause of toxicity [20] and reduces the ratio be-
tween drug and carrier. Besides, weak electrostatic interactions be-
tween the vehicle and siRNA seemed readily cause “burst release”
after systemic administration [21].

1001-8417/© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Fig. 1. Schematic representation of the study. The lipid conjugated siRNA can effi-
ciently non-covalent bind to the hydrophobic core of albumin, thereby increasing
the siRNA enrichment within the tumor.

The new clinical programs all used another class of strategy in-
stead of LNPs, it employs a linker conjugating the delicate modified
siRNAs to the functional group directly. This strategy significantly
increased the ratio between drug and carrier. More importantly,
these functional groups naturally exist in living organisms, thus,
they can avoid adverse effects to a great extent. After the combi-
nation with siRNAs, the functional groups significantly improved
the performance of siRNA therapeutics by exerting their biolog-
ical functions. Among those strategies, the N-acetylgalactosamine
(GalNAc) conjugated siRNAs leverage high affinity between GalNAc
and its receptor (asialoglycoprotein receptor, ASGPR), almost of-
fers a perfect delivery scheme for delivering siRNA to hepato-
cytes. ASGPRs are highly and specifically expressed in the basolat-
eral membrane of hepatocytes [22], and they can efficiently trans-
port galactose-derived ligands, including GalNAc, from the cell sur-
face to the cytoplasm of hepatocytes [23]. Leqvio® (Novartis) is a
commercialized GalNAc conjugated siRNA therapeutic that targets
proprotein convertase subtilisin kexin type 9 (PCSK9), it showed
astonishing performance in a clinical test. The results showed
that Leqvio® supports the dosing regimen every 6 months after
two doses. While ensuring effectiveness, it is expected to solve
the long-term compliance dilemma of patients. Since Alnylam an-
nounced their GalNAc conjugated delivery program, most siRNA
pharmaceutical companies have developed their delivery platforms
based on GalNAc for delivering siRNA to hepatocytes. More re-
cently, Alnylam conjugated 2’-O-hexadecyl at position 6 from 5’ of
the sense strand of siRNA, enabling potent and durable gene si-
lence in the central nervous system (CNS), eye and lung in animals
[24]. Indeed, this scheme expanded RNAI therapeutics to extrahep-
atic tissues, however, efficiently delivering siRNA to tumor is still
challenging.

Albumin is a major soluble protein throughout blood circulation
and has a notable circulation halftime (Ty,) of around twenty days
[25]. Albumin is synthesized in liver and secreted into circulation.
It is regarded as an ideal carrier [26] because it readily covalent at-
taches to, non-covalent associates with, or encapsulates [27] poorly
water-soluble molecules [28], rescuing drugs from systemic clear-
ance and degradation. In addition, since albumin can accumulate
in tumor tissues by enhanced permeability and retention (EPR) ef-
fect and its receptor glycoprotein 60 (gp60) [27], it was already
considered for cancer treatment. However, the investigations about
albumin-based carriers were only around small molecules and pro-
tein therapeutics, studies about lipophilic siRNA associate with al-
bumin are still limited. Herein, we synthesized lipid conjugated
siRNAs (LsiRNAs), which offer two octadecyl chains that can in-
sert into the hydrophobic core of albumin by non-covalent associa-
tion, leading to high-affinity to albumin (Fig. 1). After this interac-
tion, LsiRNAs extremely prolonged its half-life in vivo and increased
tumor retention. Compared with nanoparticle-encapsulated siRNA,
LsiRNA did not significantly reduce the efficiency of gene silence
but resulted in much better safety. Importantly, LsiRNA against
programmed death 1 ligand 1 (LsiPdI1) showed prominent antitu-
mor ability on tumor-bearing mice. It was observed that 10 mg/kg
LsiPdl1 effectively increased infiltration of CD8* T cells and pro-
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Fig. 2. LsiRNA synthesis strategy and its binding test with BSA. (A) The synthesis
strategy of LsiRNA. (B) Zeta potential and (C) particle size of LsiRNA before and
after the incubation with BSA, measured by DLS. (D) Gel retardation was used to
determine the interaction between BSA and LsiRNA, imaging for siRNA or LsiRNA
(top) and BSA (bottom).

moted the maturation of dendritic cells. In brief, our study pro-
vides a simple but effective way for siRNA tumor delivery that
“hitchhikes” on long-circulating albumin.

The LsiRNAs target hepatitis B virus (HBV, LsiHBV) and pro-
grammed death 1 ligand 1 (PdI1, LsiPdI1) are used in this study.
The synthesis procedures are described in Fig. 2A and the section
“Materials and methods” in Supporting information, the confirma-
tion are shown in supplementary materials (Figs. S1 and S2 in Sup-
porting information).

Ensuring stability is a key premise for siRNA to function in vivo.
Thus, we tested the stability of LsiHBV and LsiPdl1 after the syn-
thesis. Here, LsiRNAs were incubated with human serum, mouse
serum and fetal bovine serum (FBS) at a volume ratio of 1:9 and
37 °C, respectively. After sampling at different times, the stabil-
ity of LsiRNAs was tested by polyacrylamide gel electrophoresis
(PAGE). The results showed that all two LsiRNAs maintained sta-
ble in human serum, mouse serum and fetal bovine serum (Fig. S3
in Supporting information). These results supported further appli-
cation of LsiRNA in vivo.

To test whether LsiRNAs binds to albumin, several studies were
carried out. Firstly, the zeta potential and the size of free LsiRNA
and its complex with bovine serum albumin (BSA) were deter-
mined by dynamic light scattering (DLS). Data showed that lipid
conjugated siRNA had strong electronegativity (—43.15mV), similar
to unconjugated siRNA. However, the zeta potential of the complex
increased with the increase in BSA, (data not shown). Until the
ratio of BSA:LsiRNA reached 13:1, the complex showed uncharged
(Fig. 2B). Considering BSA also showed electronegativity at neutral
pH, we assume that this potential change is caused by the shield-
ing of the negatively charged group after the comination of both.
Meanwhile, the size variation also indicated the successful bind-
ing of LsiRNA with BSA (Fig. 2C). The data showed that the size
of free LsiRNA micelle and BSA were around 28 nm and 6 nm, re-
spectively, and the complex of both was around 70 nm. Besides, we
also performed a gel retardation assay on the complex as men-
tioned above to further test albumin-binding capacity. The agarose
gel was first imaged for nucleic acid at 320 nm, then stained with
Coomassie blue to show the migration of albumin. The result (Fig.
2D) showed that LsiRNA and albumin migrated in the exact loca-
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Fig. 3. The internalization and penetration investigation of LsiRNA. (A) Subcellular localization of LsiRNA, cells were cultured in albumin-presenting medium (LsiRNA™) and
albumin-free medium (LsiRNAOPt), siRNA transfected by Lipo 2000 (siRNAMP?) was set as positive control. (B) Mean fluorescence intensities recorded in (A). (C) Co-efficiencies
between LsiRNA or siRNA and endosome or lysosome. (D) Cellular uptake efficiency and (E) endocytosis positive rate, analyzed by FACS. (F) Gene expression determination,
concentration of siRNA or LsiRNA was 200 nm. (G) Penetration comparation between LsiRNA®™ and siRNALP°, recorded by confocal microscope. Each bar represents the mean

+ standard error of mean (S.E.M.), n=2, *P < 0.05, **P < 0.01.

tion, proving the binding of BSA and LsiRNA. In contrast, BSA and
siRNA without lipid conjugate were located in a different location.
By far, the binding between LsiRNA and albumin was confirmed in
several ways.

After confirming that LsiRNA binds to albumin, we sought to
understand whether albumin is necessary for the cellular uptake
of LsiRNA. To determine that, 4T1-Luc cells were seeded into
dishes for further treatment. Cy5 labeled LsiHBV (Cy5-LsiHBV) was
tested on cells cultured in albumin-presenting medium (complete
medium) and albumin-free medium (Opti-MEM), Lipofectamine
2000 (Lipo 2000) formulated Cy5-siHBV were treated to cells cul-
tured in Opti-MEM as positive control. After four hours of transfec-
tion, the treated cells were collected for confocal microscopy ob-
servation. It can be seen that Cy5-LsiHBV were efficiently endocy-
tosed by cells in albumin-presenting environment (LsiRNA™), but
the efficiency is lower than that mediated by Lipo 2000 (siRNALPo)
(Figs. 3A and B). However, compared to that, cells treated with
LsiHBV but culture in albumin-free medium (LsiRNACPt) showed
barely fluorescence signals (Figs. 3A and B), suggesting that albu-
min is essential for LsiRNA cellular uptake. In addition, we also
analyzed the co-efficiency between LsiRNA and endosome or lyso-
some. Though LsiHBV do not contain any modules to facilitate en-
dosome or lysosome escape, the data proved that part LsiHBV was
successfully leaked from endosome or lysosome (Fig. 3C), we infer
that is mainly due to the structural destruction of endosomal or
lysosomal membrane. However, it also should be noted that the
Pearson’s correlation of LsiHBV is much higher than Lipo 2000,
which means more LsiRNA cannot function in cytoplasm. To fur-
ther explore the endocytosis efficiency and the manner of LsiRNA,
the treated cells were also determined by using fluorescence-
activated cell sorting (FACS). The results further confirmed that
LsiRNA were efficiently endocytosed by cells, it can be seen that
the endocytosis efficiency of LsiRNA is comparable to that of Lipo
2000 (Fig. 3D), and the positive endocytosis rate is higher than
siRNALPO (Fig. 3E). Subsequently, the delivery efficiency was quan-
tified by gene expression determination (Fig. 3F). Herein, siPdl1
and LsiPdl1 were used. The result showed that siPdl1 delivered

by Lipo 2000 achieved 80.2% downregulation of Pdl1 expression
at siRNA concentration of 200nmol/L, LsiPdI1 silenced 53.5% of
PdI1 expression at the same siRNA concentration, whereas LsiRNA
in Opti-MEM almost impossible to suppress mRNA expression. In
addition, cell viabilities were evaluated, LsiHBV showed excellent
safety in vitro (Fig. S4 in Supporting information). Notably, the vi-
ability of 3000 nmol/L LsiHBV-treated cells was satisfactory, which
was 85.6% compared with phosphate buffer solution (PBS)-treated
cells.

The relatively large size of nanoparticles (>100nm) hampers
them from sufficient penetration into tumors and limits the treat-
ment outcomes of nanomedicines [29]. Thus, the smaller albu-
min/LsiRNA is expected to increase tumor permeability compared
to nanoparticles and may lead to better anti-tumor performance.
Here, the permeability of albumin/LsiRNA was evaluated by 3D
multicellular tumor spheroids (MCS) in vitro (Fig. 3G). After treat-
ing cells with Cy5-LsiHBV or Cy5-siHBV@Lipo 2000 for four hours,
the permeability of two test substances was evaluated by con-
focal microscopy. It can be seen that the signals of Cy5-LsiHBV
were homogeneously distributed throughout the tumor spheroid.
In contrast, though the fluorescent signals of Cy5-siHBV@Lipo 2000
seem stronger than that of Cy5-LsiHBV, most Lipo 2000 nanopar-
ticles were trapped at the surface of tumor spheroid, and only
a few fluorescent signals can be detected at the core of the tu-
mor spheroid. Besides, the penetration of free Cy5-siHBV was also
tested. It can be seen that Cy5-siHBV also showed homogeneous
penetration. However, considering that free siRNAs are hard to en-
docytose by cells, these free siRNAs only gathered outside the cells
and would not function at cytoplasm. Such results proved that al-
bumin/LsiRNA has better penetration than common nanoparticles.

After in vitro analysis, we try to understand the biodistribution
manner of LsiRNA. In this work, animal welfare and all experi-
mental protocols have been reviewed and approved by the Ani-
mal Ethics Committee of Beijing Institute of Technology. Here, 16
Hepal-6 xenograft tumor-bearing C57BL/6 mice were used as an-
imal model and divided into 4 groups as follows: 1x PBS, Cy5-
siHBV 10mg/kg, Cy5-LsiHBV 1mg/kg and Cy5-LsiHBV 10 mg/kg.
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Fig. 4. Biodistribution test of LsiRNA on Hepal-6 xenograft tumor-bearing C57BL/6 mice. (A) The living images and organ images were collected at 0.5, 24 and 96 h post-
administration. SmG, submandibular gland; Ty, thymus; H, heart; Lu, lung; Li, liver; S, spleen; T, tumor; K, kidney. Average fluorescence intensity in (B) liver and (C) tumor
at different time was recorded by IVIS Spectrum CT (PerkinElmer, US) and analyzed by software called Livinglmage. (D) Quantitative analysis of the fluorescence signals in

isolated organs at 96 h post-dose.

After single intravenous administration, animals were subjected
to living imaging at 0.5, 2, 4, 6, 8, 24, 48, 72 and 96 h post-
administration (Fig. 4A and Fig. S5 in Supporting information). In
addition, after the living imaging at 0.5, 4, 24 and 96 h after ad-
ministration, one animal from each group was sacrificed for or-
gan imaging (Fig. 4A and Fig. S6 in Supporting information). The
image data proved that Cy5-LsiHBV showed dose-dependent man-
ner of fluorescent signals. Additionally, it can be seen that Cy5-
LsiHBV quickly diffused throughout the body during the first 0.5 h,
whereas Cy5-siHBV is mainly enriched in kidneys. Together with
all living images, it is easy to figure out that albumin extremely
increased the enrichment of LsiHBV in liver and tumor (Figs. 4B
and C, and Fig. S5 in Supporting information). Not only the enrich-
ment in liver and tumor of Cy5-LsiHBV 10 mg/kg was significantly
higher than that of Cy5-siHBV 10 mg/kg, even the signal of Cy5-
LsiHBV 1mg/kg was also higher than that of Cy5-siHBV 10 mg/kg
during the most of observation period. Besides, albumin also sig-
nificantly prolonged LsiHBV retention in tumors, where Cy5-LsiHBV
existed in tumors at least for 96 h but Cy5-siHBV only existed in
tumors about 24 h (Figs. 4A and C, and Fig. S7 in Supporting in-
formation). Delightfully, the average fluorescence intensity in the
tumor continuously increased during the first 24 h after adminis-
tration, which was almost the same as that in liver at 24 h time
point (Fig. 4C). After that, the average fluorescence intensity in the
tumor began to decrease, but remained at a higher level than in
most of the other organs. In addition, we also quantified of fluo-
rescence signals in order to analyze their proportions in different
organs. General view, the proportion of Cy5-LsiHBV signals in tu-
mor showed an increasing trend (Fig. 4D and Fig. S8 in Supporting
information), which increases from 3.2% at 0.5 h to 6.2% at 96 h

in animals received Cy5-LsiHBV 1mg/kg, besides, the percentage
in tumor of Cy5-LsiHBV 10 mg/kg was 6.6% at 0.5 h, 6.9% at 4 h.
It peaked at 16.8% at 24 h and remained at 16.0% at 96 h. In con-
trast, the proportion of Cy5-siRNA signals in tumor has remained
steady at around 3% throughout the test. Collectively, due to the
high affinity to albumin, LsiRNA showed significantly longer dura-
tion and higher retention than free siRNA, especially in tumor and
liver. In addition, LsiRNA caused no toxicity up to 10 mg/kg in vivo,
which no adverse effects were observed during the test.

After confirming that LsiRNAs have excellent tumor retention
capacity, we sought to investigate its therapeutic efficacy by using
LsiPdI1 as therapeutic unit, since high expressed Pdl1 cause im-
mune checkpoint escape of tumor cells. Besides, Pdl1 gene is re-
garded as an ideal therapeutic target, because it rarely expresses
in most normal tissues but highly expresses on the surface of most
tumor cells [30]. Herein, BALB/c mice were subcutaneously inocu-
lated with 4T1-Luc cells, then randomly divided into four groups
after six days as follows: (1) PBS, (2) LsiHBV 10mg/kg, (3) LsiPdl1
1mg/kg and (4) LsiPdl1 10 mg/kg. The formulations were intra-
venously injected every other day for six doses (Fig. 5A). The tumor
volumes, survival rates and body weights were monitored through-
out the study to evaluate the antitumor outcomes (Figs. 5B-D,
Fig. S9 in Supporting information). It can be seen that 10 mg/kg
LsiPdl1 suppressed tumor growth, extended the survival period
significantly, and showed no toxicity which was reflected by body
weight changes. Besides, 1 mg/kg LsiPdl1 slightly reduced tumor
growth and prolonged treated animals’ life span. LsiHBV leads to
no treatment outcomes compared with PBS, suggesting that all
treatment outcomes were mediated by Pdl1 but not the toxicity of
the formulation. In addition to what was mentioned above, three
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mice from each group were euthanized 48 h after the last treat-
ment to further investigate the performance of formulations. In
line with previous data, the data of tumor weights (Fig. 5E), real-
time quantitative polymerase chain reaction (qPCR, Fig. 5F), serum
biochemical analysis (Fig. 5G and Fig. S10 in Supporting informa-
tion) and other indicators (Figs. S11 and S12 in Supporting infor-
mation) also showed that LsiPdl1 resulted in tumor suppression
by inhibiting target gene and no toxicity. Notably, due to the ex-
cellent tumor penetration and retention of LsiRNA, LsiPdl1 signifi-
cantly mediated tumor apoptosis (Fig. 5H and Fig. S13 in Support-
ing information). The terminal dexynucleotidyl transferase (TdT)-
mediated dUTP nick end labeling (TUNEL) assay and hematoxylin
and eosin (H&E) staining visually showed that 10 mg/kg LsiPdl1 in-
duced structural changes and apoptosis in almost whole tumor. In
contrast, apoptosis can only be detected in a few parts of tumors
treated by PBS or LsiHBV or 1 mg/kg LsiPdl1.

According to the references, Pdl1 not only regulates the infiltra-
tion of CD8* T cells in tumor tissues, also binds to CD80 to inhibit
dendritic cells (DCs) maturation and antigen presentation [31,32].
To test whether LsiPdl1 function by increasing the infiltration of
CD8* T cells and promoting DCs maturation, three animals of each
group were euthanized after corresponding treatments. To fully ex-
plore the function manner of LsiPdI1, tumor cells, spleen cells and
lymphocytes were collected and the level of CD4™ T cells, CD8* T
cells and CD80" CD86" DCs were determined by FACS (Fig. 6). The
results showed that 10 mg/kg LsiPdl1 significantly increased the in-
filtration of CD4" T cells and CD8* T cells as well as promoted DCs
maturation in tumor. Similarly, the level of CD8* T cells signifi-
cantly increased in the lymph nodes in 10 mg/kg LsiPdl1 treated
animals. However, the drug did not affect T cells and DCs in the
spleen. In addition, animals treated with 1 mg/kg LsiPdl1 produced
no significant immune response in vivo, and LsiHBV resulted no

immune response. Taken together, high level of LsiPdl1 efficiently
suppressed tumor growth by increasing CD8" T cells and promot-
ing DCs maturation in tumor and lymph.

Simply conjugating lipid to siRNA greatly improved the associa-
tion between siRNAs and albumin, resulting in longer blood circu-
lation, lower renal clearance, greater tumor retention and penetra-
tion, and higher cellular internalization of siRNAs.

The siRNAs hold greater potential than traditional drugs due to
their function manner. The way that siRNAs interact with mRNAs,
which are located more upstream than proteins in central dogma,
endows siRNAs to be more targetable and druggable [33]. However,
defect like unsatisfied pharmacokinetic characters hinder the us-
age of siRNAs. Due to instability in circulation and small size, siR-
NAs are often completely encapsulated into nanoparticles to pro-
tect them from nuclease attack and renal clearance. The nanopar-
ticles not only mediated efficient liver siRNA delivery but also led
to unintended toxicity due to their exogenous and complicated
materials [34]. Many efforts were proposed to keep siRNA stable
in blood, modification strategies represented by standard template
chemistry (STC), enhanced stabilization chemistry (ESC) and oth-
ers continually increased the RNases resistance of siRNAs. These
improvements made shells (nanoparticles) are seemed no longer
necessary and gave rise to another great revolution. By combin-
ing chemical modification strategy and GalNAc conjugation tech-
nology, formulations showed unmatched pharmacokinetic proper-
ties, safety and extremely high gene silencing efficiency. This ap-
proach almost perfectly solved the problem of siRNA liver delivery.
Besides, the introduction of 2’-0O-hexadecyl in siRNA resulted in ro-
bust and durable gene silence in CNS, eye and lungs. However, if
the view enlarged to major organs and tissues, including tumor,
the delivery problem is far from solved. Currently, tumor siRNA
therapeutics in clinic mostly delivered by LNPs or polymers, these
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Fig. 6. Immune response in tumor, spleen and lymph of treat animals. Each bar represents the mean + S.E.M. *P < 0.05, **P < 0.01 vs. PBS group.

vehicles are mainly based upon EPR effect to increase drug tumor
retention. However, the contribution of the EPR effect to drug en-
richment in tumor is limited, report have shown that only 0.7%
of the siRNA were successfully delivered to tumor tissue [35]. The
presence of EPR effect in human tumors is controversial because
the permeable nature of commonly used mouse tumor models is
quite different from human tumors [36,37]. Some strategies sought
to add target motifs on the surface of carrier but also led to mini-
mal benefits. These facts explained why the development of siRNA
tumor therapy is not so desirable.

As similar with GalNAc, albumin can be used as an endoge-
nous carrier. Besides, it also featured as long-circulating and easy
to accumulate in tumor. The example of nab-paclitaxel [38] proved
that albumin could be used for tumor delivery in the clinic, and
lead to higher tolerance dose than paclitaxel [39]. Herein, follow-
ing the concept of GalNAc-siRNA conjugates, we conjugated mod-
ified siRNA to two alkyl tails. By association with albumin in vivo,
LsiRNA avoided renal clearance and showed the tendency to tu-
mors, which paves the way of tumor therapeutic. The biodistri-
bution test showed that the intensity in the body and circulation
half-life of LsiRNA was significantly higher than free siRNA. More

importantly, it was also observed that LsiRNA high leveled and
long period accumulated in tumor. We believe these data support
the promise of LsiRNA as a drug for development.

Safety is another challenge for siRNA delivery. As mentioned
above, nanoparticles are usually assembled by complicated compo-
nents, easily leading to acute toxicity and irreversible liver damage.
However, LsiRNAs consist only of nucleotides and DSPE-PEG2000,
both of which are biocompatible. As expected, LsiRNAs exhibited
excellent safety both in vitro and in vivo. It was shown that the
concentration of 3000 nmol/L in vitro and 10 mg/kg in vivo caused
no toxic side effects. It is anticipated to have very broad therapeu-
tic windows according to these data.

The effectiveness of anticancer siRNA therapeutics is also af-
fected by penetration depth into the tumor tissue. Owing to low
diffusion efficiency and high interstitial pressure inside solid tu-
mors, common nanocarrier usually showed poor penetration ca-
pacity and only trapped around tumor surface [40-42]. In contrast,
in observations among a variety of tumor models, permeability to
albumin is around 4-fold greater than 100 nm liposomes [43]. In
line with the above statement, LsiRNAs penetrated deeper than
Lipo 2000 (representing nanoparticles), the former achieved homo-
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geneous distribution throughout the tumor spheroids but the lat-
ter failed to penetrate the core of tumor tissues. Researchers have
claimed that intravenously administered nanomedicine must effi-
ciently go through five cascades to achieve efficient tumor treat-
ment: circulation in the blood, accumulation in tumor, penetration
deep into the tissue, internalization into cells and release to the
cytoplasm [44]. Compared with nanoparticles, LsiRNAs have clear
advantages in the first three steps, especially in the second and
the third steps. However, there is no motif in LsiRNAs promotes
endocytosis and endosomal escape, thus, they have some disad-
vantages in the latter two steps. In vitro qPCR tests demonstrated
that LsiRNAs were about 70% as efficient as Lipo 2000. However,
in the complex environment in the body, LsiRNAs with orders of
magnitude advantage in tumor not only can compensate for this
disadvantage but also achieve more efficient target gene inhibi-
tion in tumor. In tumor suppression test, 10 mg/kg LsiPdl1 medi-
ated about 87% target gene inhibition, and 1 mg/kg LsiPdI1 reduced
relative mRNA expression by about 56% after doses. This change
significantly increased CD8* T cells in tumor and lymph, and also
promoted the maturation of DCs, which effectively inhibited tumor
growth and prolonged the survival of tumor-bearing mice.

Collectively, high affinity to albumin confers LsiRNA as a potent
tumor treatment. Meanwhile, it also provides an idea for develop-
ing a new siRNA delivery system.
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