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Selective targeting to the subcellular organelle of cancer cells could provide a novel method to realize
precise in situ self-assembly for enhanced therapeutic efficiency. Herein, a series of cationic compounds
have been synthesized to investigate their subcellular targeting abilities, we found the amino group func-
tionalized planar cationic molecules could selectively locate in the mitochondria of cancer cells (Pearson’s
coefficient >0.9), while in the lysosomes of normal cells (Pearson’s coefficient >0.9). Moreover, due to the
intermolecular hydrogen bond, the TPE derivative (TPE-NH,) was selected to investigate the in situ self-
assembly behavior with negatively charged molecules in the mitochondria of MB49 cancer cells, which
could impair the mitochondrial membrane, leading to the elevated reactive oxygen species (ROS), down-
regulating glutathione peroxidase 4 (GPX4) protein, and finally resulting in LPO for ferroptosis. Moreover,
the aggregation-enhanced ROS generation ability of TPE-NH, made it an ideal candidate for PDT. Under
the white light irradiation, the synergetic ferroptosis could be realized to suppress the cancer cell prolif-
eration. Finally, this in situ self-assembly for synergetic therapy would also be realized in vivo to suppress

the tumor growth.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Targeting therapy has been extensively explored due to its high
drug utilization efficiency and little side effect on normal tis-
sues [1-6]. Supramolecular self-assembly, as a convenient but ef-
ficient method to construct versatile nano-structures through non-
covalent interactions, has been extensively explored in the field of
therapeutic materials [7-15]. In these therapeutic systems, various
targeting motifs have been incorporated for the enhanced binding
with the acceptors on tumor cells, which would make the thera-
peutic agents efficiently accumulated in the lesion sites, while lit-
tle accumulation in normal tissues. In this manner, the therapeu-
tic agents would be efficiently taken into tumor cells and suppress
their proliferation. To further realize the higher therapeutic effi-
ciency, another targeting units would be incorporated to make the
therapeutic agents directly interact with the specific organelles or
bio-matters [16-20]. Even though this method could conveniently
realize the targeting treatment, the introduction of multi-targeting
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agents would decrease the drug loading efficiency, which would in-
tensify the metabolism burden in the further treatment. Moreover,
these nano-materials exhibited relatively poor penetration ability
into solid tumors, as well as disability in the transportation and
storages [21-24]. Therefore, how to efficiently make the therapeu-
tic agents work in the specific subcellular organelles of the lesion
sites and not in the normal tissues seemed significant in precise
treatment.

In vivo self-assembly, as a novel method to in situ fabricate the
nano-materials in the cells or subcellular organelles, has been ex-
tensively explored in the therapeutic systems due to their intrin-
sic “self-assembly assisted targeting” nature [25-27]. This method
could realize efficient accumulation of therapeutic agents in the le-
sion sites caused by the physiological environments-mediated re-
sponsiveness behavior, as well as deep penetration, which could
afford an intelligent method to realize the precise targeting ther-
apy. Traditionally, through the stimuli of physiological environ-
ments, the molecular self-assembly agents would aggregated into
particular nano-structures in the lesion sites, which could remark-
ably improve their retention times and “turned on” their thera-
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Scheme 1. Schematic illustration of selective assembly in the mitochondria of can-
cer cells for synergetic therapy.

peutic functions [28-31]. Moreover, the introduction of subcellu-
lar targeting motifs would result in the directive interaction be-
tween nano-materials and subcellular organelles or in situ gener-
ation of nano-materials in subcellular organelles [32-36]. For ex-
ample, Yu and co-workers fabricated a self-sorting in situ self-
assembly system by using the peptide derivatives under the stim-
uli of glutathione (GSH), which could respectively interact endo-
plasmic reticulum and Golgi apparatus to suppress the tumor cell
proliferation [37]. Xu and co-workers constructed the ALP-activated
self-assembly system by using the phosphorylated peptide, which
could further binding with Golgi apparatus to suppress the cell vi-
ability [38]. From the reported results, it could be concluded the
different microenvironment between the normal tissues and lesion
sites would result in different chemical and physical properties,
as well as biofuncitons in those tissues. However, few researches
were conduncted to investigate the different distribution of self-
assembly agents in normal cells and affected cells. If the different
distribution could be realized, these molecular agents would ex-
hibit different self-assembly behavior in the different organelles,
which would also result in different biofunction, providing a novel
way for targeting treatment with high efficiency.

In the cancer tissues, the disorder metabolic processes would
lead to the overexpressed bio-matters, such as high GSH [39-41],
low pH [42] in the lesion sites, affording numerous method to real-
ize targeting in situ self-assembly. Herein, a series of cationic com-
pounds have been synthesized to investigated their subcellular tar-
geting abilities, we found the amino group functionalized planar
cationic molecules could selectively locate in the mitochondria of
cancer cells, while in the lysosomes of normal cells (Scheme 1). To
further realize this subcellular targeting ability mediated selective
self-assembly in the cancer cells, a cationic tetraphenylethylene
(TPE) derivative (TPE-NH,) with intermolecular hydrogen bond was
selected to investigate its in situ self-assembly in the mitochondira
of cancer cells, driven by the multi-negatively charged molecules.
Due to the stronger self-assembly behavior with multi-negatively
charged molecules, the self-assembly process could lead to the en-
hancement in fluorescence emission as well as reactive oxygen
species (ROS) generation ability. These phenomena led to the in
situ formation of nano-materials in mitochondria of cancer cell,
which resulted in the selective suppression of cancer cell prolifer-
ation. In this process, the in situ formed nano-particles could dam-
age the integrity of mitochondrial membrane, elevated ROS level
and downregulating the expression of glutathione peroxidase 4
(GPX4). And resulting from the assembly-enhanced ROS generation
ability under the irradiation of light, the TPE-NH, exhibited highly
efficient photodynamic therapy (PDT) for the synergetic treatment
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Fig. 1. Chemical structures of targeting molecules.

(Scheme 1). Finally, this self-assembly induced suppression of can-
cer cell proliferation and self-assembly-enhanced ROS generation
ability could also be realized in vivo to suppress the tumor growth.

As is well known, the pH value of microenvironment in the nor-
mal tissues and cancer tissues is different, which has been widely
applied in the pH-mediated therapeutic systems [43]. Herein, a se-
ries of amino group functionalized cationic molecules have been
synthesized to explore in the colocation ability in cancer cells and
normal cells. The synthesis routes were presented as Schemes S2-
S4 (Supporting information). And all of these target molecules (Fig.
1) were characterized by NMR spectroscopy and HR-MS.

Then, the colocation experiment was firstly carried out on com-
pound TPE-NH,. As shown in Fig. 2A, the bright red fluorescence
could be observed in MB49 cancer cells after incubated for 12h,
which exhibited excellent overlay with the green fluorescence aris-
ing from the commercially available Mito-tracker, indicating the
TPE-NH, could be located in the mitochondria of MB49 cells.
Moreover, the Pearson’s coefficient was determined to be 0.91.
Meantime, the red fluorescence assigned to TPE-NH, could also be
observed in the normal cell (L929 cells), which exhibited ignorable
colocation with commercially available Mito-tracker, whose Pear-
son’s coefficient was 0.12 (Fig. 2B). However, a perfect overlay with
lysosome-tracker could be detected, whose Pearson’s coefficient
was determined to be 0.96 (Fig. 2C). The same colocation experi-
ments on L929 cells were also conducted on the model compound
(TPE-Me, Scheme S1 in Supporting information), which have been
reported as the mitochondrial probe of cancer cells [35]. From the
obtained fluorescent images (Fig. S16 in Supporting information),
the Pearson’s coefficient with mitochondria was determined to be
0.43, and 0.60 with lysosomes, respectively. From the above results,
it could be concluded the introduction of amino group would en-
able the target compound to realize specific distribution in mito-
chondria of cancer cells and lysosomes in normal cells.

To further certificate this principle of the ending groups medi-
ated subcellular targeting abilities in normal cells and cancer cells.
Another three compounds were further investigated. The amino
group modified PDI derivative exhibited excellent colocation effi-
ciency with mitochondria of cancer cells (MB49 cells) [35]. Then
its colocation experiment in L929 cells was carried out. The same
phenomena could also be observed, this compound exhibited well
overlay with lysosomes of L929 cells (Fig. S17 in Supporting infor-
mation), while very weak colocation within mitochondria, whose
Pearson’s coefficients were determined to be 0.35 and 0.96, re-
spectively. Meantime, two more amino-functionalized compounds
(TPP-NH, and TPA-NH,) were also synthesized, in which the con-
jucated cores were changed. From the obtained fluorescence im-
ages, TPA-NH, could selectively located in the mitochondria of can-
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Fig. 2. Confocal laser scanning images of colocalization experiments of (A
(C) TPE-NH, with lysosomes of 1929 cells ([TPE-NH,] =4 pmol/L).

cer cells, while in the lysosomes of normal cells (Figs. S18 and
S19 in Supporting information). While the TPP-NH, was not lo-
cated in the mitochondria of cancer cells (Fig. S19). Compared with
the other molecules, the two phenyl rings in TPP-NH, would not
be arranged co-planar due to the intrinsic steric hindrance. From
the above results, it could be easily concluded the introduction of
amino groups to the planar conjugated cores would enable them
with the ability of specific accumulation in mitochondria of cancer
cells and lysosomes in normal cells, which would have potential
application in the precise treatments.

Finally, the pH-dependent properties of TPE-NH, were investi-
gated by fluorescence spectroscopy. As been shown in Fig. S20B
(Supporting information), the fluorescence intensity at 635 nm en-
hanced with the increase of pH value (from 4.0 to 8.0), which was
ascribed to the aggregation-induced emission nature of TPE-NH,.
In the alkaline solution, the deprotonation of TPE-NH, would be
occurred, accompanying with the decrease in repulsive interaction,
which led to the further self-assembly of TPE-NH,. However, the
phenomena of pH-dependent fluorescence emission could not be
observed in the assay of TPE-Me. From the obtained fluorescence
spectra (Fig. S20A in Supporting information), no obvious change
in the fluorescence intensity could be detected in the PB buffer so-
lution (pH =4.0-8.0).

As is well known, there has been huge amount of negatively
charged molecules in mitochondria [44], such as ATP, DNA, pro-
teins, which exhibited excellent self-assembly behavior with multi-
positively charged molecules. Herein, it could be envisioned the
TPE-NH, would realize the in situ self-assemble in the mitochon-
dria of cancer cells, so its self-assembly behavior was firstly in-
vestigated by UV-vis spectroscopy using the ATP as model com-
pound. As been shown in UV-vis titration spectra (Fig. S21B in
Supporting information), the characteristic peak at 410 nm of TPE-
NH, exhibited the hypochromatic shift to 400 nm with the grad-
ual addition of ATP to 1.2 equiv. After that, the peak presented
the bathochromic-shift to 405 nm. Moreover, the obvious scatter-
ing signal in the range of 525-600nm would be detected in this
titration process, companying with the decrease in the absorp-
tion intensity of the characteristic peak. However, little change
could be observed in this titration process between TPE-Me and
ATP (Fig. S21A in Supporting information). To further certificate
the self-assembly behavior in presence of ATP, the transmittance
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Fig. 3. (A) TEM image of TPE-NH,. (B) TEM image of TPE-NH, with ATP ([TPE-
NH,]:[ATP] =1:1.2). (C) Zeta potential values of TPE-NH, and the assembly of TPE-
NH, with ATP ([TPE-NH; ]:[ATP] =1:1.2). DLS result of TPE-NH; (D) and (E) TPE-NH,
with ATP ([TPE-NH,]:[ATP] =1:1.2).

in the presence of ATP was also determined. From the recorded
spectra (Fig. S22 in Supporting information), the transmittance of
TPE-NH, decreased sharply upon the addition of ATP, while the
transmittance of TPE-Me remained unchanged in the presence of
the same amount of ATP. These phenomena indicated the intro-
duction of amide group into the TPE derivative could enhance its
self-assembly potential in the presence of multi-negatively charged
molecules. Followingly, the self-assembly morphologies were also
observed by using TEM. As shown in Figs. 3A and D, the irregular
nanostructures of TPE-NH, could be observed after the evaporation
of water. And the nanoparticles would be formed in the presence
of ATP with the diameter around 220 nm (Figs. 3B and E), which
was certificated by DLS results (Fig. 3C). Moreover, the zeta poten-
tial change in this self-assembly process also certificated this elec-
trostatic interaction was the main driving force, concluding from
the decrease in their surface potential (Fig. 2C).

Due to the aggregation-induced emission nature of TPE
molecules and their derivatives, their photo-physical and photo-
chemical properties were further investigated. From Fig. S21D
(Supporting information), the characteristic emission peak of TPE-
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NH, at 635nm exhibited about 8-fold enhancement in the pres-
ence of 3.0 equiv. ATP. However, the emission intensity of TPE-
Me showed little change in the same condition (Fig. S21C in Sup-
porting information), which further confirmed the introduction of
amide group would improve their self-assembly capability due to
the synergistic effect of multi noncovalent interactions, such as
electrostatic interaction, hydrogen bond, and = ---7 interaction. Fur-
thermore, the self-assembly behavior of TPE-NH, in the presence
of BSA and pBR322 plasmid DNA (DNA) were investigated (Fig.
S23 in Supporting information), which were used as the model
matters to mimic the extensively existed matters in mitochondria.
From the fluorescence spectra (Fig. S23B), it could be observed the
characteristic emission peak of TPE-NH, at 635nm changed lit-
tle with the gradual addition of BSA. And the emission intensity
exhibited remarkable enhancement in the presence of DNA (Fig.
S23A). Moreover, to mimic the microenvironment of mitochondria,
the pH-dependent self-assembly behavior of TPE-NH, was investi-
gated. As shown in Fig. S20B, the fluorescence intensity increased
with the increase in the pH value, indicating this compound could
self-assemble in the alkaline solution. The gradual addition of ATP
into this solution (pH 8.0) would also induce the further assembly
of TPE-NH,, concluded from the fluorescence spectra (Fig. S24 in
Supporting information). From the above results, it could be con-
cluded the TPE-NH, exhibited excellent self-assembly properties
in the presence of multi-negatively charged molecules both in the
neutral and alkaline solutions, which enabled it ideal candidate for
the in situ self-assembly in the mitochondria.

And the intramolecular donor and acceptor property of TPE-
NH, could enhance the intermolecular charge transfer in the as-
sembled state, enabled it an ideal candidate for ROS generation un-
der light irradiation. Then, the photo-chemical properties of TPE-
NH, were further investigated by using the DCFH-DA as probe.
As shown in Fig. S25A (Supporting information), the probe exhib-
ited very weak fluorescence enhancement under the white light
irradiation (>400nm, 15 mW/cm?2). The similar phenomena could
also be observed in the presence of TPE-NH, (Fig. S25B in Sup-
porting information), which indicated little ROS could be generated
by TPE-NH,. However, in the presence of ATP, the remarkable en-
hancement in fluorescence emission at 525 nm could be observed
(Fig. S25C in Supporting information), indicating the much higher
ROS generation ability of TPE-NH, in the aggregated state. There-
fore, we could conclude the self-assembly of TPE-NH, in the pres-
ence of multi-negatively charged molecules could result in the en-
hancement in both the fluorescence emission and ROS generation
ability of TPE-NH,, enabling it an ideal candidate for both disease
diagnosis and treatment.

Based on the above results, it could be concluded the TPE-
NH, exhibited excellent self-assembly properties in the presence
of multi-negatively charged molecules. To further investigate its
physiological function, the MTT assay was carried out to investigate
its effect on the cellular proliferation ability. After incubated with
TPE-NH, for 12 h, remarkable decrease in cell viability could be ob-
served (Fig. 4A). And the ICsy was calculated to be 716 pmol/L.
Moreover, to illustrate the suppression of cellular proliferation abil-
ity was resulted from the self-assembly behavior of TPE-NH, in the
presence of negatively charged molecules, another mitochondrial
targeting compound, TPE-Me, was employed. In the same condi-
tion, little toxicity could be observed (Fig. 4B). In the same con-
dition, the cell viability remained over 80% after the treatment
of TPE-Me, indicating the excellent biocompatibility of this model
compound. These phenomena might result from the intensive self-
assembly behavior of TPE-NH, in the microenvironment of mito-
chondria. Due to the assembly-enhanced ROS generation ability
of TPE-NH,, its light-toxicity to cancer cells was also investigated
(>400nm, 15mW/cm?). As shown in Fig. 4A, more cells could be
killed under the white light irradiation for 3 min, and the ICsq
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was calculated to be 2.75mol/L. Then its effect on normal cells
was investigated. In the same condition, the proliferation ability of
1929 cells was not affected without the light irradiation (Fig. S27
in Supporting information). To further illustrate this phenomenon,
the flow cytometry was employed. From the obtained profiles (Fig.
S$28 in Supporting information), both L929 and MB49 cells exhib-
ited similar uptake efficiency of TPE-NH,. Therefore, the different
toxicity to MB49 and L929 cells might be ascribed to the different
location in the subcellular organelles of these two kinds of cells.
As is well known, the proteins have been the main contents in
the lysosomes, so the TPE-NH, in the 1929 cells would not form
nanostructures. However, the multi negatively charged molecules
(ATP, DNA, RNA, etc.) in the mitochondria would drive the TPE-NH,
to form particular nanoparticles in the MB49 cells, which might
result in the excellent biocompatibility to normal cells, while high
toxicity to cancer cells.

Then its anticancer mechanism was investigated. Firstly, the JC-
1 probe was employed to illustrate its influence on the mitochon-
dria. From the Confocal images (Fig. 4C), the green fluorescence in
MBA49 cells increased a little after treated with TPE-NH,, whose av-
erage fluorescence intensity increased about 1.25-fold in the pres-
ence of TPE-NH,, indicating the integrity of mitochondrial mem-
brane was damaged (Fig. 4D). After further irradiated under white
light for 3 min (>400nm, 15mW/cm?), the green fluorescence ex-
hibited the remarkable enhancement (about 1.44-fold), which in-
dicated the mitochondrial membrane was seriously damaged un-
der the light irradiation (Fig. 4D). These results were consistent
with the previous MTT assays. To further certificated the assembly-
achieved synergetic treatment in mitochondria of cancer cells, the
BioTEM was carried out. From the TEM image (Fig. 5B), we could
easily detect the formed nanoparticles in MB49 cells. Moreover,
compared with the mitochondrial morphology in control group
(Fig. 5A), the treated mitochondria shank, indicating the mitochon-
drial damage during this process. Another control experiment by
using the pre-prepared nano-particles constructed by TPE-NH, and
ATP was performed. Even though these nanomaterials exhibited
high light-toxicity to MB49 cells (>400 nm, 3 min, 15mW/cm?), in-
dicating these nano-particles could be taken into cells. However,
the suppression of cellular proliferation couldn’t be observed with-
out light irradiation, indicating the pre-prepared nano-particles
could not damage the mitochondrial function, which also certifi-
cated the occurrence of self-assembly in the mitochondria of MB49
cells was the main reason for suppressing cancer cell proliferation
(Fig. S26 in Supporting information). From the previous literatures,
the decrease in mitochondrial membrane potential could lead to
the elevated ROS level in cells [45]. Then the ROS probe (DCFH-
DA) was utilized to evaluate the cellular ROS level after the treat-
ment of TPE-NH,. After incubated with TPE-NH, for 12 h, the green
fluorescence originated from DCFH-DA emerged (Fig. 5C), indicat-
ing the ROS level in elevated, whose average fluorescence increased
about 7-fold (Fig. 5D). Moreover, the further irradiated under white
light (>400nm, 3 min, 15 mW/cm?) would result in an enhanced
green fluorescence concluded from confocal laser scanning images,
and the average fluorescence increased about 1.57-fold compared
with the group treated by TPE-NH, without light irradiation (Fig.
4D). These phenomena indicated more ROS would be generated
under the light irradiation, certificating the assembly-achieved ROS
generation property of TPE-NH,.

From the above results, it could be clearly concluded the treat-
ment of TPE-NH, to MB49 cells could remarkably improve the
cellular ROS level, which would impair the redox-homeostasis in
the cells. Then the amount of GPX4 protein was determined by
western blotting experiments, which is an important protein to
maintain the cellular redox-homeostasis. As shown in Fig. 6A, the
GPX4 protein was downregulated by TPE-NH, in the dark envi-
ronment, the relative GPX4 protein amount decreased to 60% (Fig.
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6C) in the presence of 8 pwmol/L TPE-NH,, which would result in
the decrease in the GSH amount in the cellular microenvironment,
leading to the destruction of original redox homeostasis. More-
over, after being irradiated under white light for 3 min (>400nm,
15mW/cm?), the relative GPX4 protein amount was further down-
regulated, the protein amount decreased to 30% in the presence
of 8 wmol/L TPE-NH, (Figs. 6B and D). All these results indicated
the treatment of TPE-NH, could remarkably destroy the redox-
homeostasis in MB49 cells. Finally, we further measured lipid per-
oxidation (LPO) of MB49 cells by using BODIPY™581/591 C11, an
oxidation-sensitive LPO-specific fluorescent probe. From the ob-
tained fluorescent images (Figs. 6E and F), the enhanced green flu-
orescence intensity could be detected after the treatment of TPE-
NH, for 12h, whose average fluorescence intensity increased by
1.2-fold, indicating that more potential for lipid peroxidation could
be occurred in the presence of TPE-NH,. And the continual irradi-
ation under white light (~400nm, 15 mW/cm?2) would further en-
hance the green fluorescence, indicating the damage of the redox
homeostasis resulted from the synergetic treatment of TPE-NH,.
Moreover, this TPE-NH,-mediated LPO processes also exhibited the
concentration-dependent phenomena. From the obtained Confocal
laser scanning images (Figs. S29-S32 in Supporting information),
the green fluoscence increased with the TPE-NH, concentration.
From the above results, it could be concluded that TPE-NH, could
be concentrated in the mitochondria of MB49 cancer cells, which
could lead to the decrease in mitochondrial membrane potential,
and the increase of ROS level in the cytoplasm. These phenomena
could further destroy the cellular redox homeostasis and down-
regulate the GPX4 protein, leading to lipid peroxidation. Therefore,
a ferroptosis-like system was successfully constructed through the
self-assembly of TPE derivative in the mitochondria of cancer cells.

Finally, the in vivo experiments were also conducted to fur-
ther investigate its anti-tumor efficiency (Fig. 7A), in which the
MB49 tumor model on the mice was established (approved by
the Science and Technology Department of Jiangsu Province and
conducted with the approval of the Medical Ethics Committee
of Yangzhou University Medical Academy (YXYLL-2022-44)). As

shown in Figs. 7B and C, after being treated for 12 days, both
the tumor volume and weight were much smaller than those in
the group treated by PBS. And the final tumor weight of TPE-
NH, in the dark environment was (0.47 40.1) g, indicating the tu-
mor growth was successfully suppressed after treated by TPE-NH,,
while little effect on the growth of mice, whose body weight was
not affected after the treatment (Fig. 7E). Moreover, the tumors
almost dismissed in the irradiation group after 3 day’s treatment
(405 nm, 5 min, 50 mW/cm?), and would not relapsed without the
further administration of TPE-NH, (Fig. S33 in Supporting informa-
tion). Finally, we also conducted immunohistochemical staining by
collecting the tumors after 2 day’s treatment. From the H&E stain-
ing of tumor slices (Fig. 7F), an obvious decrease in the number
of nuclei could be observed after administration of TPE-NH,, com-
pared with the compact nuclei in the groups treated with PBS. This
phenomenon indicated the tumor tissues suffered destruction after
the treatment. The Ki67 staining was also performed to investigate
the proliferation ability of tumor cells. From Fig. 7G, fewer Ki67+
cells could be observed after the treatment of TPE-NH,, indicat-
ing the proliferation ability of tumor cells decreased sharply after
the treatment. Therefore, it could be concluded the TPE-NH, could
suppress the tumor growth. The safety of TPE-NH, was further in-
vestigated on BALB/c mice. After injected with the solution con-
taining TPE-NH, through the tail vein for 12 days, the main organs
(heart, liver, spleen, lung, and kidney) were also collected. Then the
H&E staining was performed (Fig. S34 in Supporting information).
Compared with PBS-treated mice, H&E staining also indicated that
TPE-NH, possessed ignorable long-term toxicity to the main or-
gans, and these results indicated the excellent biocompatibility of
these in situ self-assembly system.

Herein, a kind of amino group functionalized cationic molecules
has been successfully synthesized, which could selectively locate
in the mitochondria of cancer cells, while in the lysosomes of
normal cells. Due to the multi-noncovalent interaction between
these molecules (hydrogen bonding, -7t stacking), they exhibited
excellent assembly behavior in the presence of multi-negatively
charged molecules. Therefore, we synthesized a TPE derivative
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Fig. 7. (A) The schematic diagram of tumor inoculation and therapy. (B) Photo of the

MB49 tumors collected on day 12 (Data were presented as mean £ SD, n=5). (C)

Weight of MB49 tumors at day 12 (Data were presented as mean + SD, n=5, *P < 0.05). (D) Tumor growth curves of MB49 on the BALB/c mice (Data were presented as
mean + SD, n=5, **P < 0.01). (E) Body weight curves of MB59-bearing mice (n=5). (F) H&E, and (G) Ki67 staining of tumors after the treatment for 12 days.

(TPE-NH,), which could selectively concentrate in the mitochon-
dria of MB49 cells, and then self-assemble into nanoparticles
through the electrostatic interaction with the ATP or DNA in mi-
tochondria. The results indicated the formed nanoparticles could
impair the mitochondrial membrane, leading the elevated ROS, as
well as downregulating GPX4 protein for the further LPO, which
could suppress the cancer cell viability, while exhibited little tox-
icity to normal cells. Moreover, due to the aggregation-enhanced
ROS generation ability of TPE-NH,, the formed nanoparticles also
exhibited very intensive light-toxicity under the white light ir-
radiation, which could also impair the mitochondrial membrane,
downregulate GPX4 protein, as well as lead to LPO for suppressing
cancer cell proliferation. Finally, this in situ self-assembly system in
mitochondria of cancer cells could also be realized in vivo to sup-
press the tumor growth, while exhibited excellent biocompatibility.
This self-assembly mediated targeting therapeutic method could
avoid side effect to normal tissues, in which the nanomedicine
could be specifically fabricated under the stimulation of the phys-
iological environment in lesion sites. Moreover, this pH-mediated
selective self-assembly in cancer cell mitochondria for synergistic
therapy without other targeting motifs might provide a novel way
to realize the highly efficient therapy.
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