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a b s t r a c t

Deprivation of glucose and lactate provides an effective pathway to terminate the nutrients supplement

for tumor growth. In this work, biomimetic nanozymes called m@BGLC are constructed for catalytic tu-

mor inhibition through nutrients deprivation and oxidative damage induction. Concretely, the catalytic

enzymes of glucose oxidase (GOx), lactate oxidase (LOx) and chloroperoxidase (CPO) are precrosslinked

with bovine serum albumin (BSA) to construct nanozymes, which are then biomimetic functionalized

with cancer cell membrane to prepare m@BGLC. Benefiting from the biomimetic camouflage with homol-

ogous cell membrane, m@BGLC inherit homotypic binding and immune escape abilities, facilitating the

tumor targeting accumulation and preferable cell internalization for improved drug delivery efficiency.

Subsequently, under the cascade catalysis of nanozymes, m@BGLC consume glucose and lactate for tu-

mor starvation therapy through nutrients deprivation, and meanwhile, the resulting hyprochloric acid

(HClO) causes an oxidative damage of cells to synergistically inhibit tumor growth. In vitro and in vivo

findings demonstrate a robust tumor eradication effect of m@BGLC without obvious adverse reactions via

the targeted combination therapy. Such cascade catalytic nanomedicine may inspire the development of

sophisticated strategies for tumor combination therapy under unfavorable tumor microenvironments.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Tumor cells are characterized with high energy metabolism to

maintain fast cell proliferation and resist cell death. In 1926, Otto

Warburg discovered that tumor cells consumed glucose as the pri-

mary energy source even in the presence of oxygen, which could

produce large amounts of lactate [1]. Of note, the glycolysis prod-

uct of lactate was the secondary cellular metabolic waste, which

would be utilized to support tumor growth during glucose defi-

ciency [2–4]. Several neoplasms are featured with glycolysis, and

both glucose and lactate play critical roles in sustaining progressive

tumor cell proliferation. Moreover, the massive production of lac-

tate would induce the acidification of tumor microenvironment, re-

sulting in tumor metastasis, angiogenesis, immunosuppression and

poor therapeutic outcome [5–7]. Therefore, shutting down the nu-

trient sources of glucose and lactate in tumor cells shows a great

potential to restrain the tumor growth by starvation therapy. Better

yet, lactate exhaustion could not only normalize tumor microenvi-

ronment, but also possess unique advantages to reverse therapeu-

tic resistance [8].
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Traditionally, the blockade of glucose transporter 1 (GLUT1) and

monocarboxilate transporters (MCTs) could modulate the trans-

portation of glucose and lactate [9,10]. However, a high concen-

tration of inhibitors was demanded for it, and the blocking effect

would be quickly terminated owing to the drug excretion. There-

fore, a sustained and continuous strategy should be developed to

meet the demands for nutrient deprivation and tumor suppres-

sion [11]. Recently, catalytic nanomedicine was proposed to con-

sume the glucose or lactate under physiological condition, indi-

cating moderate tumor suppression effects [12–15]. Among which,

glucose oxidase (GOx) could efficiently convert glucose into glu-

conic acid and hydrogen peroxide (H2O2), and lactate oxidase (LOx)

could catalyze elimination of lactate to produce pyruvate and H2O2

[16–18]. Notably, the consumption of glucose and lactate would

improve the immunosuppression by regulating programmed cell

death ligand-1 (PD-L1) and regulatory T cells (Tregs), contribut-

ing to the immune activation for tumor therapy. Even so, nutrient

deprivation alone may be not effective enough to inhibit tumor

growth given the multiple energy sources of tumor cells [19–21].

Interestingly, H2O2 as the major catalytic product of GOx and LOx

inspires the utilization of chloroperoxidase (CPO) and H2O2 to syn-
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Scheme 1. Schematic illustrations of biomimetic nanozymes (m@BGLC) for tu-

mor treatment. (A) Synthesis process of m@BGLC. (B) The proposed mechanism of

m@BGLC for synergistic tumor therapy. After intravenous injection, m@BGLC selec-

tively accumulated at homologous tumor tissues to consume glucose and lactate for

starvation therapy through nutrients deprivation. Furthermore, m@BGLC could cat-

alyze the resulting H2O2 to generate HClO for inducing oxidative damage. Finally,

m@BGLC mediated cascade catalysis enhanced the synergistic tumor therapy.

thesize hypochloric acid (HClO) in situ for adjuvant oxidative ther-

apy of tumors [22–24]. Nevertheless, it is challenging to integrate

GOx, LOx and CPO into one system with high catalytic efficiency,

and the inevitable side effects should be also taken into account

because of their poor tumor targeting ability [25–27].

Cancer cells possess some inherent characteristics like cell ad-

hesion and immune escape, which are closely associated with

the recognition of cell membrane proteins [28–30]. Recently, the

biomimetic strategy of cell membrane functionalization exhibits

biomimetic strategy of cell membrane functionalization exhibits

superior advantages for homotypic tumor targeting delivery, which

could dramatically improve the blood circulation of drugs and

reduce undesirable side effects [31–33]. Taking above consider-

ations into account, in this work, biomimetic nanozymes were

constructed for catalytic tumor inhibition by nutrients depriva-

tion and inducing oxidative damage. The catalytic enzymes of GOx,

LOx and CPO were crosslinked with bovine serum albumin (BSA)

to obtain nanozymes called BGLC (Scheme 1A). Subsequently, the

breast cancer cell membrane was used for biomimetic modifica-

tion of BGLC to prepare biomimetic nanozymes (designated as

m@BGLC), which preferred to selectively accumulate at homolo-

gous tumor tissues for specific cellular uptake. Importantly, the

cascade catalytic features of m@BGLC would consume glucose and

lactate for tumor starvation therapy through nutrients deprivation

(Scheme 1B). Simultaneously, the generated HClO would induce

an oxidative damage to synergistically inhibit tumor growth. This

design of biomimetic nanozymes with cascade catalytic property

might shed light on exploiting bio-derived drug delivery systems

for combination therapy of tumor under complex microenviron-

ments.

In this paper, we utilized a naturally occurring polymer BSA

to crosslink with the catalytic enzymes, getting biocompatible

nanozymes with cascade catalytic property. In which, the amount

of feedstock was adjusted to optimize the preparation of BGLC

by measuring the catalytic activity and particle size of nanozymes

(Fig. S1 in Supporting information). To further increase the speci-

Fig. 1. Characterization of m@BGLC. TEM images of (A) BG, (B) BGL, (C) BGLC, and

(D) m@BGLC. Scale bar: 500nm. (E) Changes of different nanozymes in hydrody-

namic diameter (n=3). (F) Hydrodynamic diameter of m@BGLC. (G) Changes of dif-

ferent nanozymes in zeta potential (n=3). (H) SDS-PAGE analysis of m@BGLC. Data

are expressed as the mean ± SD.

ficity to tumor, the nanozymes were coated with 4T1 cell mem-

brane to gain homologous targeting and immune escape abilities

for the purpose of biomimetic camouflage. As shown in Figs. 1A–C,

the nanozymes with different compositions were prepared as the

controls, which showed uniform size and favorable dispersibility.

Using the similar methods, BG was prepared based on BSA and

GOx. BGL was prepared based on BSA, GOx and LOx. While BGLC

was prepared based on BSA, GOx, LOx and CPO. Importantly, trans-

mission electron microscope (TEM) images indicated that m@BGLC

were surrounded by cell membranes with the thickness of about

10.64nm (Fig. 1D). Understandably, an increasing size was found

with the addition of further components (Fig. 1E). Among which,

the final product of m@BGLC exhibited a narrow nanosize distri-

bution (Fig. 1F), suggesting a good homogeneity of nanoparticles.

Afterward, the zeta potentials of BG, BGL and BGLC were measured

to be negative, which could be explained by the residual carboxyl

groups on the nanozymes (Fig. 1G). Moreover, the zeta potential

of BGLC was decreased from −24.80mV to −38.83mV following

cell membrane coating, which might be attributed to cell mem-

brane surface charge. Additionally, m@BGLC had no significant dif-

ference with 4T1 cell membrane in zeta potential value, imply-

ing the successful camouflage of nanozymes by biological mem-

brane. Subsequently, sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) analysis demonstrated that the protein

bands of m@BGLC matched those of 4T1 cell membrane, showing a

well reservation of membrane proteins on biomimetic nanozymes,

which is required for efficient homologous targeting and immune

escape (Fig. 1H). Meanwhile, the diameter and polydispersity (PDI)

of m@BGLC in diverse media fluctuated only slightly over 14 days,

demonstrating that m@BGLC had feasible stability in physiological

conditions (Fig. S2 in Supporting information).

To explore the catalytic performance of m@BGLC, the consump-

tion of glucose, lactate and H2O2 was measured using commercial

assay kits (Fig. S3 in Supporting information). First, as described in

Fig. 2A, the nanozymes showed potent glucose-consuming prop-

erty. Notably, the glucose could be catalyzed by GOx to produce

gluconic acid and H2O2. Thus, the catalytic efficiency of m@BGLC

could be evaluated by measuring the pH value. As seen in Fig. 2B,

the glucose solution displayed a considerable pH decrease within

40min. In addition, it was found that the lactate concentration did

not change a lot in the BG group due to the lack of LOx, whereas

BGL, BGLC and m@BGLC demonstrated significant lactic acid con-

sumption (Fig. 2C). Even though m@BGLC were slightly less effec-

tive than free LOx, it still caused a 34.53% reduction of lactate level,

suggesting a considerable lactate catalytic capability. Since LOx and

GOx catalyzed glucose and lactic acid with the assistance of oxy-
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Fig. 2. Evaluation of catalytic performance. (A) Changes of glucose concentration

after different treatments with nanozymes (n=3). (B) Nanozymes initiated cat-

alytic changes of the pH value in glucose solution. (C) Changes of lactate con-

centration after different treatments with nanozymes (n=3). Time-course O2 con-

sumption of (D) glucose solution and (E) lactate solution after different treatments

with nanozymes. Changes of H2O2 concentration in (F) glucose solution and (G)

lactate solution after different treatments (n=3). (H) The decay curves of MCD

absorbance at 290nm in different groups. (I) Diagram of cascade catalytic mech-

anism of biomimetic nanozymes. Data are expressed as the mean ± SD. ∗∗P<0.01,
∗∗∗P<0.001. ns, no significance; Glu, glucose; Lac, lactic acid.

gen, time-dependent oxygen consumption process of nanozymes

was monitored subsequently. As displayed in Fig. 2D, the oxygen

consumption profiles of BG, BGL, BGLC, and m@BGLC were identi-

cal in glucose solution. In terms of oxygen consumption profiles in

lactate solution, however, BG was shown to be entirely inactive due

to the lack of LOx (Fig. 2E). In comparison, a similar downtrend

was visible in BGL, BGLC and m@BGLC groups. Although the cat-

alytic rates of these nanozymes were lower than that of free LOx,

it could also exhaust oxygen in lactic acid solution within 900 s.

Taken together, the prepared m@BGLC exhibited outstanding glu-

cose and lactic acid catalytic abilities.

Biomimetic nanozymes can catalyze H2O2 into HClO with the

assistance of CPO. Therefore, the catalytic performance of CPO

in m@BGLC was evaluated using H2O2 content assay kit. Fig. 2F

demonstrated that the BG and BGL groups produced a consider-

able amount of H2O2 and did not differ significantly from free GOx.

Notably, BGL catalyzed the generation of H2O2 from lactate, but BG

failed to produce H2O2 in lactate solution due to the lack of LOx

(Fig. 2G). As expected, the BGLC and m@BGLC-treated groups had

a much lower H2O2 generating ability in glucose and lactate solu-

tion, which should be attributed to the H2O2 consumption medi-

ated by CPO. Subsequently, the catalysis activity of CPO in m@BGLC

was measured using monochlorodimedon (MCD) indicator. Theo-

retically, CPO could convert MCD to dichlorodimedon (DCD) in the

presence of KCl and H2O2. As demonstrated in Fig. 2H, the char-

acteristic absorption of MCD dropped by 44% within 30min in the

m@BGLC mixture containing glucose and KCl, while it decreased by

26% in the m@BGLC mixture containing lactate and KCl. These ex-

periments further demonstrated that m@BGLC could convert H2O2

into toxic HClO. In a word, m@BGLC inherited the original cataly-

sis activities of GOx, LOx and CPO, which could efficiently consume

both glucose and lactic acid with the production of HClO, making

it a promising nanoplaform for tumor therapy (Fig. 2I).

Fig. 3. Cellular uptake and ROS generation of m@BGLC. (A) Intracellular uptake of

m@BGLC in 4T1 cells after different incubation time. Scale bar: 25μm. (B) Flow cy-

tometry histograms and (C) the quantitative analysis of mean fluorescence intensity

(MFI) in 4T1 cells incubated with RB labeled m@BGLC at different time (n=3). (D)

Cellular uptake of BGLC and m@BGLC in 4T1, 3T3, CT26 and RAW264.7 cells after

4h of incubation. Scale bar: 25μm. (E) MFI statistical graph of different cells treated

with m@BGLC (n=3). (F) CLSM images, (G) flow cytometry histograms and (H) the

corresponding MFI of DCF in 4T1 cells stained with DCFH-DA pre-incubated with

BG, BGL, BGLC and m@BGLC (n=3). Scale bar: 50 μm. (I) CLSM images and (J) the

semi-quantitative analysis of MFI to evaluate the HClO production of 4T1 cells in

different groups (n=3). Scale bar: 50 μm. Data are expressed as the mean ± SD.
∗∗P<0.01, ∗∗∗P<0.001.

The intracellular uptake of nanozymes was critical in cytotoxic-

ity experiments. Thus, the cellular internalization of m@BGLC was

primarily detected by confocal laser scanning microscopy (CLSM)

and flow cytometry. First, m@BGLC were labeled with Rhodamine

B (RB, red fluorescence) to observe cellular uptake. As shown in

Figs. 3A–C, m@BGLC were internalized by 4T1 cells in a time-

dependent manner. After 4 h of incubation with m@BGLC, the flu-

orescence intensity of 4T1 cells was about 6.26-fold higher than

that of control group. Subsequently, the homologous targeting abil-

ity of m@BGLC was studied in a variety cell lines, including 4T1,

3T3, and CT26 cells. The fluorescence intensity of 4T1 cells treated

with m@BGLC was 1.48-fold higher than that of the BGLC-treated

group (Fig. 3D and Fig. S4 in Supporting information). It was worth

noting that the cellular uptake of BGLC was 2.08-fold (for 3T3

cells) and 4.72-fold (for CT26 cells) higher than that of the same

cell lines treated with m@BGLC (Fig. S4). Moreover, the uptake of

m@BGLC by 4T1 cells was 3.48 and 4.91 times that of 3T3 and

CT26 cells, respectively (Fig. 3E). These findings demonstrated that

camouflaged m@BGLC exhibited superior selectivity to homologous

4T1 cells. To evaluate whether biomimetic nanozymes inherited

the immune escape ability, m@BGLC and BGLC were respectively

cultured with RAW264.7 cells to analyze the phagocytosis. It was

a remarkable fact that RAW264.7 cells incubated with m@BGLC

showed less red fluorescence than those cells treated with BGLC

(Fig. 3D and Fig. S4). What is more, the uptake of m@BGLC by

4T1 cells was 4.60 times that of by RAW264.7 (Fig. 3E), implying

that the presence of membrane proteins could inhibit macrophage

cell uptake in reticuloendothelial system. Consequently, m@BGLC

would successfully escape immune cell phagocytosis.

As a kind of ROS, HClO is one of the most powerful effectors

of directly destroying proteins or nucleic acids. In this work, the
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Fig. 4. In vitro nutrients deprivation and anti-tumor effect of m@BLGC. (A) Glucose

concentration and (B) lactate concentration changes in 1640 medium after treat-

ment with different nanozymes (n=3). (C) Intracellular ATP reduction of 4T1 cells

after treatment with different nanozymes (n=3). Cytotoxicity of nanozymes to 4T1

cells (D) with or (E) without glucose (n=3). Cell viability of 3T3, CT26 and 4T1 cells

after m@BGLC treatment (F) under glucose or (G) without glucose condition (n=3).

(H) CLSM images of calcein-AM and propidium iodide (PI) co-stained 4T1 cells af-

ter incubation with different nanozymes. Scale bar: 200μm. (I) Apoptosis analysis

of 4T1 cells after incubation with BG, BGL, BGLC and m@BGLC. Data are expressed

as the mean ± SD. ∗P<0.05, ∗∗P<0.01, ∗∗∗P<0.001. FITC, fluorescein isothiocyanate.

ROS generation ability of m@BGLC was firstly determined by using

DCFH-DA indicator. Notably, in comparison to the poor green flu-

orescence of tumor cells treated with BG and BGL, BGLC-treated

group displayed brighter green fluorescence (Fig. 3F), resulting

from the production of HClO. Moreover, the green fluorescence of

m@BGLC-treated group showed 1.14 times stronger than that of

BGLC-treated group, which was attributable to the increased cellu-

lar uptake of m@BGCL for enhanced ROS generation (Figs. 3G and

H). In addition, the green fluorescence intensity of the BGLC in 3T3

and CT26 cells was significantly higher than that of the m@BGLC,

showing that the homologous targeting property of biomimetic

nanozymes would reduce the nonspecific toxicity to other non-

homologous cells (Fig. S5 in Supporting information). Furthermore,

the capacity of m@BGLC to generate HClO was verified by us-

ing R6G hypochlorous acid as the specific sensor. As shown in

Fig. 3I, there was distinctive red fluorescence in BGLC and m@BGLC

groups. Furthermore, the semi-quantitative fluorescence analysis

based on CLSM images proved that the excellent HClO produc-

ing ability of m@BGLC resulted in 1.24 times fluorescence increase

compared to the BGLC-treated group (Fig. 3J). Moreover, the red

fluorescence of BG and BGL groups was not significantly different

from that of the control group, indicating that HClO could be only

generated by CPO catalysis. These results showed that m@BGLC

had attractive HClO production capability, which was critical in

subsequent cytotoxicity experiments.

Next, the catalytic function of m@BGLC was measured in cell

level. As shown in Fig. 4A, m@BGLC consumed more glucose than

other groups, indicating that m@BGLC had a stronger capability

to consume intracellular nutrients. Similarly, the m@BGLC-treated

group had the lowest level of lactate (Fig. 4B), suggesting that it

was capable of lactate deprivation. Because of the lack of LOx, the

BG-treated group had an undetectable influence on the lactate con-

centration of the 4T1 cells. Furthermore, the intracellular ATP con-

tent following nanozymes treatment was evaluated to quantify the

level of cellular metabolism (Fig. S6 in Supporting information). As

expected, the lowest cellular ATP concentration was observed in

the group of m@BGLC, suggesting its potential to ATP depletion

(Fig. 4C).

Previous experiments demonstrated the outstanding catalytic

function of nanozymes. After that, the toxicity of nanozymes

against 4T1 cells was evaluated using MTT method with or with-

out the presence of glucose. As displayed in Fig. 4D, cell via-

bility was strongly dependent on nanozymes concentration. Fur-

thermore, BGLC inhibited 4T1 cells more effectively than BG and

BGL, demonstrating that synergistic starvation therapy and HClO-

mediated oxidative damage could improve tumor therapy efficacy.

Moreover, m@BGLC demonstrated greater inhibitory effect owing

to its superior homologous targeting capacity. Because lactic acid

was a glycolysis metabolite, the therapeutic effect of nanozymes

was diminished in the absence of glucose (Fig. 4E). In addition,

m@BGLC exhibited significantly higher cytotoxicity against 4T1

cells rather than other two cells (Fig. 4F). Furthermore, m@BGLC

had lesser cytotoxicity than BGLC in CT26 and 3T3 cells, which

highlighted a high tumor selectivity owing to its homologous tar-

geting property (Fig. S7 in Supporting information). Similarly, the

nanozymes were not detrimental in 3T3 and CT26 cells in the ab-

sence of glucose (Fig. 4G and Fig. S7). Moreover, the therapeutic

efficacy was assessed using a live/dead cell staining method. As

shown in Fig. 4H, m@BGLC showed the strongest cytotoxicity to

homologous 4T1 cells, suggesting that the biomimetic nanozymes

could produce considerable tumor killing effect. Finally, the cell

death pathway of 4T1 cells induced by biominetic nanozymes was

measured via flow cytometry. As reflected in Fig. 4I and Fig. S8

(Supporting information), the percentage of apoptosis cells was

18.27%, 26.88%, 49.81% and 66.98% after treatment with BG, BGL,

BGLC and m@BGLC, respectively. In addition, as compared to BGLC,

m@BGLC caused less apoptosis on CT26 and 3T3 cells (Fig. S9 in

Supporting information). These results revealed the great advan-

tage of m@BGLC for inducing tumor cell apoptosis by homologous

targeting and cascade catalysis.

The hemolytic experiment was performed to evaluate the blood

compatibility of biomimetic nanozymes prior to in vivo anticancer

studies. All animal experiment protocols were approved by South-

ern Medical University’s Institutional Animal Care and Use Com-

mittee. Fig. 5A showed that m@BGLC had minimal hemolysis (less

than 5%) at doses ranging from 0.0625g/L to 2 g/L, hinting an ac-

ceptable biocompatibility for drug delivery in vivo. Furthermore,

the in vivo distribution of m@BGLC (labeled by RB) in 4T1-tumor

bearing mice was studied at various time points to assess its tar-

geting effect. As indicated in Fig. 5B, m@BGLC could efficiently ac-

cumulate in tumor sites, whereas BGLC had lesser distributions in

tumor locations throughout the experiment period. For the fluo-

rescence imaging of the ex vivo tissues, m@BGLC group had much

higher fluorescence intensity on tumor tissue than BGLC group, in-

dicating a superior tumor targeting performance of m@BGLC (Fig.

S10 in Supporting information). Notably, the highest fluorescence

signal was observed in the kidney, implying that the nanozymes

could be degraded and metabolized out of the body.

Encouraged by the above results, the antitumor assay of

biomimetic nanozymes was conducted in 4T1 tumor bearing

BALB/c mice. When the tumor volume reached around 100mm3,

BALB/c mice were randomly divided into five groups (n=6): (1)

control, (2) BG, (3) BGL, (4) BGLC, and (5) m@BGLC. As shown

in Figs. 5C and D, the tumors in the control group grew very

fast, whereas the BG and BGL groups exhibited a partial reduction

in tumor volume, demonstrating that nanozyme-mediated glucose
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Fig. 5. In vivo biodistribution and tumor therapy of m@BGLC. (A) Hemolysis percentage of red blood cells after treatment with m@BGLC (n=3). (B) In vivo fluorescence

images of 4T1 tumor-bearing mice at different time points post intravenous injection with m@BGLC and BGLC as well as the corresponding ex vivo images of tissues after

24h. H, Li, Sp, Lu, Ki and Tu represented heart, liver, spleen, lung, kidney and tumor tissues, respectively. (C) The average tumor volume in different groups during the

treatment (n=6). (D) Tumor growth curves of mice in 15 days after various treatments. (E) Photographs and (F) weight of tumors extracted from mice after different

treatments for 15 days (n=6). (G) Body weight changes of mice in different groups within 15 days (n=6). (H) Tumor glucose content and (I) lactate concentration on the

15th day after different treatments (n=3). (J) Tumor inhibition rate of different treatment groups (n=6). (K) H&E (scale bar: 50 μm), (L) Ki67 and TUNEL staining photographs

of tumor sections after different treatments. Scale bar: 100μm. Data are expressed as the mean ± SD. ∗∗P<0.01, ∗∗∗P<0.001.

and lactate deprivation showed starvation therapy efficacy. More-

over, the tumor growth of BGLC group was much slower, indicat-

ing that combining starvation therapy and HClO-mediated oxida-

tive damage was promising for tumor therapy. More excitingly, the

m@BGLC demonstrated very attractive tumor ablation result with

little tumor growth during the whole treatment (Figs. 5E and F),

and the tumor inhibition rate was calculated to be 83.41% (Fig. 5J).

Such excellent treatment efficacy could be due to its homologous

targeting ability and amplified cascade catalysis efficiency. Impor-

tantly, all treatment groups showed no apparent weight loss dur-

ing the experiment period (Fig. 5G), and hematoxylin-eosin (H&E)

staining in the major organs of mice exhibited no obvious patho-

logical damage (Fig. S11 in Supporting information), demonstrat-

ing that the nanozymes had a good biosafety for tumor therapy in

spite of the inevitable aggregation in normal tissues.

To explore the underlying mechanism of synergetic therapy, the

contents of glucose and lactic acid in tumor site were measured.

As shown in Figs. 5H and I, the m@BGLC group consumed consid-

erably more glucose and lactic acid than the other groups, indicat-

ing that m@BGLC could cut down the tumorigenic nutrition source.

This was of great benefit to generate HClO by self-amplifying cas-

cade catalytic reaction. In addition, H&E assay showed that, com-

pared with control group, m@BGLC-treated tumor tissues exhib-

ited enormous vacuolar regions and nucleolus concentrated (Fig.

5K). Meanwhile, terminal-deoxynucleoitidyl transferase mediated

nick end labeling (TUNEL) and Ki67 assay revealed m@BGLC treat-

ment dramatically increased tumor cell apoptosis (Fig. 5L and Fig.

S12 in Supporting information). Finally, serum biochemical anal-

ysis was used to determine the liver and renal function of mice

after the 15 days treatment. The index parameters of all treat-

ment groups were within the normal reference ranges, showing

that the biomimetic nanozymes were safe for in vivo applica-

tion (Table S1 in Supporting information). Overall, these results

demonstrated that biomimetic nanozyme-assisted starvation ther-
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apy combined with HClO-mediated oxidative damage was highly

effective for achieving superior tumor ablation and minimal side

effects.

In summary, biomimetic nanozymes called m@BGLC were de-

signed for catalytic tumor inhibition through nutrients deprivation

and oxidative damage induction. First, the nanozymes were con-

structed by crosslinking GOx, LOx and CPO using a naturally oc-

curring polymer BSA with low immunogenicity and high biocom-

patibility. Next, the obtained nanozymes were biomimetic func-

tionalized using breast cancer cell membrane to prepare m@BGLC,

which were endowed with homologous targeting and immune es-

cape properties. The selective accumulation of m@BGLC on breast

cancer improved the bioavailability of nanozymes and amplified

their catalytic performance in vivo. Subsequently, the deprivation

of tumorigenic nutrition source triggered tumor starvation therapy

due to large consumption of glucose and lactate. Cascade cataly-

sis produced HClO induced an oxidative damage of cells to syner-

gistically inhibit tumor growth. Finally, in vitro and in vivo stud-

ies indicated that m@BGLC maximized the lethality on breast can-

cer cells while minimized the side reactions on normal cells. No-

tably, m@BGLC might have a promising application in tumor im-

munotherapy because of its superior glucose and lactate consump-

tion. Collectively, this design of biomimetic nanozymes shed light

on exploiting bio-derived drug delivery systems for clinical trans-

formation in tumor combination therapy.
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