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ABSTRACT: In recent years, targeted therapies and immunother-
apeutics, along with conventional chemo- and radiotherapy, have
greatly improved cancer treatments. Unfortunately, in cancer
patients, anemia, either as a complication of cancer progression or
as the result of cancer treatment, undermines the expected
therapeutic efficacy. Here, we developed a smart nanosystem based
on the palladium nanoplates (PdPLs) to deliver tocilizumab (TCZ,
a widely used IL-6R antibody) to the liver for specific blockade of
IL-6/IL-6R signaling to correct anemia. With chemical modifica-
tions, this nanosystem delivered a large mass of TCZ and enhanced
liver delivery, inducing a marked suppression of hepcidin
expression as a result of diminished IL-6 signaling. Through this
mechanism, significant suppression of tumor progression was
realized (at least in part) because of the corrected anemia after treatment.

KEYWORDS: cancer-related anemia, anemia of inflammation, IL-6 receptor antagonist, palladium nanoplates, tocilizumab, iron

Cancer-related anemia (CRA) is commonly found in cancer
patients. Approximately, 40% of cancer patients develop

anemia before treatments, and some treatments, such as
radiotherapy and chemotherapy, aggravate anemia because of
treatment-associated toxicities to the marrow and other
organs.1−4 Anemia may adversely affect the physiology of
many organs, and worsen outcomes, particularly in patients
receiving chemotherapy or radiotherapy.5 Often it is difficult to
determine the specific causative factor for CRA in individual
cancer patients.6 Of note, a large portion of cancer patients with
anemia exhibit persistent inflammation due to tumor-derived
proinflammatory components that induce anemia of inflamma-
tion (AI).7−9 AI is largely attributable to the overproduction of
proinflammatory cytokines, especially interleukin-6 (IL-6).10

These proinflammatory cytokines interfere with iron utilization
for effective erythropoiesis4 and inhibit the production of
endogenous erythropoietin (EPO), leading to impaired
erythropoiesis.11 The crosstalk between iron metabolism and
erythropoiesis is closely governed by the hormone, hepcidin,
which functions to limit intestinal iron absorption and iron
egress from macrophages by binding to the iron exporter,
ferroportin.12 Hepcidin levels are subject to regulation by a
number of factors and conditions, and inflammation is a
particularly strong driving force in promoting hepcidin
expression.13 IL-6 plays a key role in eliciting hepcidin
transcription through JAK/STAT3 signaling, causing iron

retention in macrophages and decreasing dietary iron
absorption, consequently reducing the iron supply for
erythropoiesis.14 Blocking IL-6-mediated inflammatory signal-
ing that stimulates hepcidin production should be an effective
strategy against anemia.
To date, multiple effective IL-6 or IL-6 receptor (IL-6R)

antagonists have been developed to block IL-6 signaling to treat
various diseases, such as arthritis and autoimmune diseases.
Tocilizumab (TCZ) is a widely used IL-6R antagonist for the
treatment of rheumatoid arthritis through the blockade of IL-6/
IL-6R cascade signaling,15,16 which binds to both soluble IL-6R
(sIL-6R) and membrane IL-6R (mIL-6R) in a dose-dependent
manner.17 Encouragingly, a previous study suggested that TCZ
could correct anemia in monkey arthritis by inhibiting hepcidin
production.18 Considering that hepcidin is exclusively synthe-
sized and secreted by hepatocytes in the liver, we hypothesized
that selective blockade of IL-6R signaling in hepatocytes would
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diminish hepatic hepcidin expression without affecting the
physiological function of IL-6R in other tissues and organs.
To this end, we designed a new nanoparticle formulation,

hexagonal palladium nanoplate (PdPL)-based nanoagents with
NH2−PEG coating, which offers an ample platform formolecule
loading. These PdPL nanoagents were further loaded with an
effectively amount of TCZ on the particle surface for the

purpose of selective targeting IL-6R in the liver. Together, our

results reveal the potential of TCZ-based nanomedicines in

treating CRA and inducing useful anticancer effects.

Figure 1. Physicochemical characterization of synthesized PdPL complexes and the in vitro and in vivo determination of PdPL nanomedicines. (a)
Schematic depicting the modification of PdPLs with NH2−PEG and the following loading of TCZ. (b−e) Representative TEM images (b), AFM 2D
images (c), measured diameter of these materials based on the AFM 2D images (d), and AFM 3D images of the surface topography (e) for pristine
PdPLs, PdPL−PEG, and PdPL−PEG@TCZ. (Blue solid wireframes in panel c indicate enlarged AFM images. Luminance scale at the right side of
each image in panel c denotes the height of nanomaterials). (f) Coomassie blue staining of TCZ (at 100 μg/mL) that was lodged on PdPL−PEG at
different concentrations. (g) Loading capacity of TCZ on the surface of PdPL−PEG. (h) Blocking efficacy of PdPL−PEG@TCZ on the IL-6-STAT3
signaling, as reflected by the levels of phosphorylated STAT3 (P-STAT3). (i) Mass of Pd in heart, liver, spleen, lung, kidney, and bone marrow at 1, 3,
12, and 72 h post intravenous administration of the nanomaterials, as detected by ICP-MS (n = 5). *, P < 0.05; **, P < 0.001.
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■ FABRICATION OF TCZ NANOCOMPLEXES BASED
ON PDPLS FOR SELECTIVE LIVER TARGETING

First, we aimed to fabricate TCZ nanoagents to enhance their
efficacy in targeting liver cells. Although TCZ has been widely
used to treat rheumatoid arthritis in clinical practice, it is
systemically distributed, exposing organs and tissue throughout
the body to the effects of the drug. For the purpose of hepatic
hepcidin regulation and the treatment of anemia of inflamma-
tion, selective liver targeting of TCZ is desirable. As most
nanomaterials localize in the liver, where the small particles are
ingested by the reticuloendothelial macrophages of this
organ,19−21 we utilized this selectivity to load particles with
TCZ for liver delivery.
The rapid development of nanotechnologies offers unprece-

dented opportunities and advantages in designing new strategies
for therapeutics and diagnostics. Our recent studies demon-

strated that palladium (Pd)-based nanomaterials (such as Pd
nanoplates and PdPLs) are outstanding nanoagents in cancer
therapeutics due to their desirable physicochemical properties,
such as biocompatibility/cytocompatibility, drug loading
capacity, and favorable photothermal and photoacoustic
properties.22,23 Here, we adopted PdPLs as a delivery vehicle
to transport TCZ to the liver, as delineated in Figure 1a. To
increase the loading capacity, the surface of PdPLs was
chemically modified with NH2−PEG, as demonstrated
previously.24 After TCZ attachment, the nanocomplexes were
thoroughly characterized. As shown in Figure 1b, in contrast to
the uniform lamellar plate-like 2D structure for the intact PdPLs,
detectable morphological alterations were observed in PdPL−
PEG, especially after TCZ loading, as evidenced by the
thickening of the plate and the curling around the edge area.
In agreement with this observation, the 2D- and 3D-AFM

Figure 2. Establishment of the CRA mouse model. (a) Schematic diagram illustrating the experimental design for the establishment of mouse model
for anemia of cancer, with lower panel showing iron recycling and modulation by the liver through the IL-6/STAT3/hepcidin signaling. (b−h)
Compared to the control, mice injected with LLC cells manifested reduced levels of hemoglobin content (b) and RBC count (c) starting from 2 weeks,
and otherwise elevated inflammation as characterized by increasedWBC count (d) and serum IL-6 concentrations (e). These mice revealed increased
hepcidin in serum (f). In the meantime, the serum iron concentrations were diminished in these tumor-bearing mice relative to the control mice (g).
(h) The weight of spleens from mice after LLC cell implantation for 1, 2, 3, and 4 weeks are shown within histogram, and the representative images of
spleens frommice after 4 weeks of LLC cell implantation are shown in contrast to spleens from the control mice in the upper panel. *, P < 0.05; **, P <
0.001, compared to the control group (n = 5).
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analyses corroborated these morphological changes, as the
NH2−PEG modification altered the height, size, and surface
morphology of nanoparticles and the morphology and structure
changed further after TCZ loading, as shown in Figure 1c−e.
Specifically, the diameter measurement showed a gradual
increase from 31.37 to 75.72 and 135.72 nm for PdPLs,
PdPL−PEG, and PdPL−PEG@TCZ (Figure 1d, P < 0.05),
indicating the formation of nanocomplexes on the surface of
PdPLs and the overall expansion of the material size post TCZ
loading.
Next, the amount of TCZ loading on the PdPL−PEG surface

was assayed by Coomassie brilliant blue staining of the SDS−
PAGE gel. As shown in Figure 1f, TCZ was effectively loaded
onto the PdPL−PEG surface even at a very low concentration,
that is, 10 μg/mL, and more TCZ could be added onto PdPL−
PEG with increased concentrations, showing a dose-depend-
ence evidenced by the increasing staining of the IgG heavy and
light chains, IgG-H and IgG-L. The mass ratio of TCZ and
PdPLs was calculated to be approximately 1:2 (Figure 1g). Next,

we compared the potency of PdPL−PEG@TCZ complexes on
IL-6R/STAT3 signaling in comparison to an equal amount of
free TCZ. As shown in Figure 1h, free TCZ and PdPL−PEG@
TCZ complexes comparably suppressed the phosphorylation of
STAT3 in HepG2 cells, compared to that in cells treated with
IL-6 only. Of note, PdPL−PEG itself did not alter the level of P-
STAT3. Furthermore, we assessed the selectivity of liver
targeting of the PdPL−PEG@TCZ complexes. The tissue
distribution of Pd over the time course was determined by ICP−
MS analysis following intravenous injection of these materials.
Consistent with most nanomaterials,25,26 the liver, spleen, and
lung are the most prominent sites for material accumulation
(Figure 1i). Intriguingly, PdPLs gradually accumulated in the
liver and spleen from 1 to 3, 12, and 72 h (P < 0.05), while there
was a continuous decline in material accumulation in the lung
(Figure 1i, P < 0.05), indicative of the redistribution of PdPL−
PEG@TCZ nanomaterials from the lung to the liver and spleen.
The increasing accumulation of PdPLs in the liver may be
ascribed to a few mechanisms, including differential uptake

Figure 3. Efficacy of TCZ in suppressing hepcidin through the IL-6/STAT3 signaling. (a, b) The levels of phosphorylated STAT-3 (P-STAT3) in
HepG2 cells, LLC cells and J774.A1 cells upon recombinant IL-6 treatment for different time (a) and in the liver from mice upon IL-6 administration
(b). (c, d) Levels of P-STAT3 in HepG2 cells (c) and in mice (d) upon concomitant treatment of IL-6 and TCZ. (e) Dual-luciferase reporter assay
dependent on the hepcidin promoter was used to determine the blocking effects of TCZ pretreatment on hepcidin expression in HepG2 cells. **, P <
0.001 compared to the untreated control (n = 5).
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kinetics by the reticuloendothelial system in the liver, secondary
distribution from other organs into the liver, and excretion from
lymphatic tissue into the liver.27−30 Nevertheless, this represents
a preferential feature for our PdPLs to target the liver.
Additionally, our nanomaterials manifested complete biosafety
and biocompatibility in animals, as reflected by normal tissue
histology and inflammatory indicators (Figures S1 and 2).

■ ESTABLISHMENT OF A CRA MOUSE MODEL TO
TEST TCZ NANOAGENTS

We, first, established a CRAmouse model through implantation
of LLC cancer cells via the intraperitoneal injection route, as
depicted in Figure 2a. The hemoglobin (HGB) content and red

blood cell (RBC) count gradually decreased from 1 to 4 weeks
postimplantation of LLC cells relative to that in the untreated
control group (P < 0.05 at weeks 2, 3, and 4). After 4 weeks, the
HGB content and RBC count were reduced by almost 60%
relative to those in the control group (Figure 2b and c, P <
0.001). Themice showed systemic inflammation, as indicated by
the elevated white blood cell (WBC) count and serum IL-6
concentration compared to those in the untreated control group
(Figure 2d and e, P < 0.001), and their serum hepcidin level was
significantly induced by more than 2-fold at 2 weeks after LLC
cell injection relative to the untreated control (Figure 2f, P <
0.001). By 4 weeks, both IL-6 and hepcidin levels declined to
basal levels (Figure 2e and f). As a consequence of hepcidin

Figure 4. Therapeutic effects of PdPL−PEG@TCZ in the CRA model derived from LLC tumor cells. (a) Schematic diagram delineating the
experimental design, where the CRA mouse model was established through intraperitoneal injection of LLC cells, followed by PBS, PdPLs, TCZ, or
PdPL−PEG@TCZ administration (the dose of TCZ was 5 mg/kg body weight, and PdPL−PEG@TCZ carried the same mass of TCZ relative to the
free TCZ control group). At the end of experiments, (b) serum IL-6 levels, (c)WBC counts, (d) serum iron levels, (e)HGB levels, (f) RBC counts, and
(g) spleen changes were determined. (h) Tumor growth was assessed through the bioluminescence in indicating themass of LLC cells. Bioluminescent
images were acquired on day 21 in mice post intraperitoneal injection of LLC cells with or without treatments. *, P < 0.05; **, P < 0.001, relative to
untreated control or between indicated groups (n = 5).
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induction, systemic iron was redistributed. As shown in Figure
1g and Figure S3a, the serum iron concentration was reduced by
approximately 50% by 3 weeks, and splenic iron increased,
consistent with iron sequestration in the spleen that limited the
iron supply for erythropoiesis. Similar to other studies,31 hepatic
iron content changed little (Figure S3b). Marked splenomegaly
developed in the CRA mice (Figure S3c and 1h), indicative of
extramedullary erythropoiesis in the spleen.

■ TCZ BLOCKS IL-6-MEDIATED HEPCIDIN
INDUCTION

We next verified the efficacy of TCZ in blocking IL-6R/STAT3
signaling. We used human IL-6 (hIL-6) recombinant protein to
trigger the activation of IL-6R/STAT3 signaling in 3 different
cell lines, HepG2, LLC, and J774A.1, at a concentration of 10
ng/mL. P-STAT3, a marker for the activation of IL-6R/STAT3
signaling,32 was thereafter assessed at different time points. As
shown in Figure 3a, the level of P-STAT3 was rapidly induced in
these 3 types of cells after IL-6 addition, indicative of the
activation of IL-6R/STAT3 signaling. After hIL-6 adminis-
tration to mice at 10 μg/kg body weight, the P-STAT3 level was
increased as soon as 30−60 min after hIL-6 administration
(Figure 3b), but the STAT3 level returned to the baseline by 3 h,
in agreement with previous observations suggestive of feedback
repression of the inflammatory responses.33

Moreover, TCZ was used to block IL-6R/STAT3 signaling in
vitro and in vivo. As shown in Figure 3c, pretreatment with TCZ
at various concentrations considerably repressed the phosphor-
ylation of STAT3 in HepG2 cells in response to hIL-6 in a dose-
dependent manner, as clearly reflected by the reduced levels of
P-STAT3. Additionally, after hIL-6 administration inmice, TCZ
pretreatment suppressed STAT3 phosphorylation in a dose-
dependent manner; however, TCZ pretreatment did not
completely block IL-6/STAT3 signaling even at higher doses
(Figure 3d). These findings thus indicated a reasonable efficacy
of TCZ in blocking murine IL-6R; a limitation still exists, likely
due to the discrepancy in molecular structure between humans
and mice.34

Since the expression of hepcidin is directly driven by the IL-
6R/STAT3 signaling,35 a hepcidin promoter reporter construct,
developed previously in our laboratory,36 was employed to assay
the ability of TCZ to inhibit IL-6 induced hepcidin expression
(Figure 3e). Consistent with previous findings,7 IL-6 induced
hepcidin promoter activity by 2.6 fold, as evidenced by the
increase in luciferase bioluminescence (Figure 3e, P < 0.001).
However, this increase was completely reversed by TCZ relative
to the untreated control (Figure 3e, P < 0.001). Together, these
data confirmed that TCZ effectively inhibited hepcidin
expression by blocking the IL-6/STAT3 signaling pathway.

■ PDPL−PEG@TCZ POTENTLY AMELIORATED
ANEMIA AND INHIBITED TUMOR GROWTH IN THE
LLC MODEL

We, subsequently, evaluated the effects of PdPL−PEG@TCZ
on anemia, inflammation, and tumor growth, as illustrated in
Figure 4a. PdPL−PEG@TCZ decreased serum IL-6 levels more
effectively than free TCZ at the same concentration (by 35% vs
15%, P < 0.05); the levels in untreated mice were used as the
control (Figure 4b, P < 0.05). Additionally, PdPL−PEG@TCZ
ameliorated leukocytosis more effectively than free TCZ (Figure
4c, P < 0.05). PdPL−PEG@TCZ administration increased the
serum iron concentration, HGB content and RBC count to

nearly normal values in wild-type mice (Figure 4d−f, P < 0.05).
In general, PdPL−PEG@TCZ was more potent than free TCZ
at inducing these effects (Figure 4d−f, P < 0.001), likely because
PdPL−PEG nanocarriers facilitate more specific delivery of
TCZ to the liver. In support of these data, splenomegaly in
PdPL−PEG@TCZ-treated mice was greatly improved, as
demonstrated by a 32% reduction in spleen weight relative to
that in untreated mice (Figures S4 and 4g, P < 0.05).
Additionally, histological examination confirmed the substantial
improvement of extramedullary erythropoiesis in the spleen in
mice upon PdPL−PEG@TCZ but not in other groups (Figure
S5). These improvements were greater than those seen with free
TCZ, confirming the greater potency of PdPL−PEG@TCZ
than free TCZ in correcting CRA. Strikingly, tumor growth was
also constrained. As shown in Figure 4h, 3 weeks after treatment,
mice treated with PdPL−PEG@TCZ had nearly no tumor
bioluminescence signal in the abdominal cavity, while those with
free TCZ treatment showed comparable bioluminescence to
that in untreated mice. The nanocarrier PdPL−PEG alone did
not inhibit inflammation or alleviate anemia or tumor
progression. These results together indicated that PdPL−
PEG@TCZ potently ameliorates anemia and simultaneously
represses tumor growth.

■ PDPL−PEG@TCZ PER SE REVEALED AN
INHIBITORY EFFECT ON TUMOR GROWTH OF 4T1
CELLS

To clarify the suppressive effects of PdPL−PEG@TCZ on LLC
cell-derived tumor growth, we intended to differentiate the
direct repression of PdPL−PEG@TCZ on cancer cell growth
from the indirect effect of correcting anemia. For this purpose,
we addressed this issue using different in vitro and in vivo
models. First, as shown in Figure S6, hIL-6 exhibited a slight
enhancing effect on LLC and 4T1 cell proliferation at 20 ng/mL
in vitro (Figure S6a and b), consistent with previous studies,32,37

but TCZ alone elicited little effect on cell proliferation (Figure
S6c and d). Nonetheless, the slight hIL-6-stimulated increase in
cell growth was diminished by the addition of TCZ in both LLCs
and 4T1 cells (Figure S6e and f, P < 0.05). Similar observations
were also found in A498 and EJ cells (Figure S6g and h, P <
0.05). These results revealed a mild stimulatory effect of hIL-6
on cancer cell proliferation, and TCZ could effectively reverse
this effect in vitro by blocking IL-6 signaling.
Furthermore, we established a mouse model with marked

inflammation, including IL-6 induction, but without anemia. As
described in our previous studies, we established a murine breast
cancer model through orthotopic injection of 4T1 cells.38−40 As
shown in Figure S7a and b, gradually elevated inflammation was
induced in mice responding to 4T1 tumor progression, as
evidenced by remarkable increases in WBC count and serum IL-
6 concentrations over the time course from 1 to 4 weeks (P <
0.05). However, no anemia was found in these mice harboring
4T1 tumors, as characterized by little change in HGB content
and RBC count over time (Figure S7c and d). These data
suggest an ideal cancer model with inflammation but without
anemia, although the detailed mechanisms are not understood
and warrant future investigation. Nevertheless, this model could
be used to recognize the direct effect of PdPL−PEG@TCZ
nanocomplexes on tumor growth by excluding the indirect effect
dependent on the amelioration of anemia.
Next, to determine the therapeutic effect of PdPL−PEG@

TCZ on 4T1 tumor progression, we adopted a regimen similar
to that for the LLC model (Figure 4a), as illustrated in Figure
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S8a. PdPL−PEG, TCZ, and PdPL−PEG@TCZ administration
did not influence the body weight of all mice, compared to
untreated control mice (Figure S8b), reflective of great

biocompatibility of these materials. Importantly, as shown in
Figure S8c−e, 4T1 tumor progression was controlled in mice
upon PdPL−PEG@TCZ administration, albeit much weaker

Figure 5. Therapeutic efficacy of PdPL−PEG@TCZ in the AI model induced by BA. (a) Schematic diagram showing the experimental design, where
themousemodel of BA-induced anemia was developed. After treatments, (b) serum IL-6 levels, (c)WBC counts, (d) RBC counts, (e)HGB levels, and
(f−g) spleen changes were examined. Meanwhile, (h) histological examination was performed in lung, spleen, and liver from different groups. Blue
arrows indicate the accumulation of inflammatory cells in the lung. Green arrows denote the intact structure of white pulps in the spleen. Yellow arrows
point at the infiltration of inflammatory cells in the liver. The administration dose of TCZ was 5 mg/kg body weight, whereas PdPL−PEG@TCZ
carried the same mass of TCZ relative to the free TCZ control. The injection volume was 100 μL per mouse. *, P < 0.05; **, P < 0.001, relative to
untreated control or between indicated groups (n = 5).
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than the suppressive effect observed in the LLC model (Figure
4). Specifically, the final average tumor weight was reduced by
38.41% in PdPL−PEG@TCZ-treated mice relative to the
untreated control (Figure S8e, P < 0.05). In contrast, treatment
with PdPL−PEG or TCZ had little impact on 4T1 tumor
progression (Figure S8c−e), stressing the necessity of TCZ
assembly and targeting to tumors using the PdPL−PEG
nanocomplex. These findings therefore uncover a direct
inhibitory effect of PdPL−PEG@TCZ on 4T1 tumor growth
through blocking the IL-6 signaling, albeit much milder than the
inhibition on LLC tumor growth. Together, our experiments in
the nonanemic cancer model (Figures S7 and S8) indicate that
the anticancer effect of nanoformulated TCZ is not solely
mediated by the reversal of anemia. Moreover, we also provided
evidence that TCZ could directly inhibit the IL-6-stimulated
growth of various tumor cell lines (Figure S6). To this end, these
findings support a robust capability of PdPL−PEG@TCZ to
suppress tumor progression through both direct and indirect
mechanisms. Nevertheless, complex direct and indirect effects
may coexist and be intertwined, as is common with anticytokine
therapies.41

■ PDPL−PEG@TCZ CONSIDERABLY ALLEVIATED AI
INDUCED BY HEAT-KILLED BRUCELLA ABORTUS
(BA)

To corroborate the benefits of PdPL−PEG@TCZ in correcting
anemia due to inflammation, as an extension, we further
employed an AI mouse model induced by heat-killed BA cells, as
reported.42 Similar to the strategy used above for the CRA
model, PdPL−PEG@TCZ was administered and compared to
free TCZ at the same concentration before and after BA
infection, as illustrated by the diagram in Figure 5a. As shown in
Figure 5b−h, the AImodel caused by intraperitoneal injection of
BA was characterized by elevated systemic and tissue
inflammation, reduced RBC count, and extramedullary
erythropoiesis. Free TCZ manifested rather limited potency in
correcting AI, as evidenced by slight changes in these factors in
comparison to untreatedmice (Figure 5b−h). However, PdPL−
PEG@TCZ significantly improved these AI indexes. Specifi-
cally, PdPL−PEG@TCZ administration decreased systemic
and local inflammation, as the serum IL-6 level and WBC count
nearly reached baseline values seen in the wild-type mice, and
inflammatory cell infiltration in the liver and lung was greatly
diminished (Figure 5b, c, and h, P < 0.05). Moreover, PdPL−
PEG@TCZ increased the RBC count and HGB level, and
ameliorated splenomegaly (Figure 5d−h, P < 0.05). Similar to
the results observed in the CRA model, PdPL−PEG alone was
inactive in this model. Together, these results suggested that
both cancer-related anemia and the anemia induced by BA share
the involvement of IL-6 and hepcidin in the pathogenesis of the
anemia and further supported the enhanced capability of PdPL−
PEG@TCZ to alleviate AI in a bacteria-induced inflammatory
model.
To date, the applications of TCZ in different species other

than humans are still debated. Some studies reported a reliable
effect of TCZ in murine models,7,43−45 whereas others did
not.34,46 Our data demonstrated notable but not full efficacy in
blocking IL-6/IL-6R signaling in these mouse models. This
divergence from the expected results could be ascribed to
different cell lines, genetic backgrounds, experimental con-
ditions, and local and systemic concentrations of IL-6. The
reasons for these discrepancies need to be investigated in detail
in the future. Nonetheless, in addition to direct blockade of IL-6

signaling, our nanoagents may exhibit a different mode of action
in these mouse models, which warrants further exploration.

■ CONCLUSIONS
In summary, we developed a nanoplatform based on PdPLs to
selectively deliver TCZ, an IL-6R antagonist, to the liver for site-
specific targeting of IL-6R. Our data revealed that TCZ could
greatly block IL-6/IL-6R signaling in our murine models.
Importantly, our PdPL−PEG@TCZ nanocomplexes exhibited
a much greater efficacy in ameliorating anemia than free TCZ at
the same dose. Moreover, tumor growth was substantially
inhibited by PdPL−PEG@TCZ administration versus TCZ
treatment in the CRAmodel. Further mechanistic investigations
revealed that our nanocomplexes may also exert antitumor
effects through a different mechanism other than the direct
blockade of IL-6/IL-6R signaling, involving complex inter-
twined direct and indirect mechanisms. These nanomedicines
showed excellent biocompatibility without detectable toxicities
to tissues. Thus, the potential benefits of this approach may
readily be extended to other anti-inflammatory agents.
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