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Mini Review
With the population aging and the development of society, cancer has become the main 

cause of death and seriously threaten public health, which the burden of cancer has annually 
increased in the world [1,2]. According to GLOBOCAN 2020 reported by the International 
Agency for Cancer Statistics (IACS), there are approximately 19.3 million new cancer cases 
every year in 185 countries and territories. Among them, nearly 10 million patients will be 
dead from cancer. It estimates that the cases will increase 47 percent in 2040 compared with 
2020 [3]. Conventional cancer therapies mainly contain chemotherapy, surgery, radiotherapy 
and immunotherapy. whereas these methods will produce some adverse events more or less 
due to off-target effect or inflammatory infections [4-7]. In recent decades, innovations in 
nanotechnology have promoted drug delivery systems emerging as potential drug carrier 
candidates for cancer therapies. These nanomaterials could promote drug accumulations 
in tumor sites and improve through the Enhanced Permeability and Retention (EPR) effect. 
Additionally, nanomaterials based on protein have well biocompatibility and biological safety. 
In this work, we will further summary and discuss two aspect’s contents which mainly contain 
non-targeted protein nanomaterials and targeted protein nanomaterials in cancer therapies.

Non-Targeted Protein Nanomaterials
Nanomaterials have been widely applied to drug delivery systems. Nanomaterials based 

on protein have many advantages, such as well biocompatibility, degradability, solubility etc 
[8,9] (Figure 1). Our previous studies elucidated that the self-assembled protein nanoparticles 
GST-MT3 chelating with cobalt ions (Co2+) (coined as GST-MT3(Co2+)) was found, and it not 
only could target mitochondrion in vitro, but also could accumulate in tumor sites in vivo 
via EPR effect. Furthermore, GST-MT3(Co2+) could induce Reactive Oxygen Species (ROS) 
productions through Co2+ catalysis and reduce mitochondrial membrane potential then 
lead to cell apoptosis. Additionally, it has well anti-tumor efficacy in 4T1 tumor bearing 
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BALB/c mice and could synergistically prolong survival time via 
conjugating paclitaxel [10]. However, the molecular mechanisms 
of mitochondrial targeting remain unknown and whether it may 
have another targeting site is not yet clear besides EPR effect. 
Another protein nanomaterial was ferritin, it was firstly isolated 
from horse spleen in 1937 [11,12] and composed of 24 subunits, 
which reversibly self-assembled hollow and spherical protein 
nanoparticles with outer diameter of 12nm and inner diameter 
of 8nm [13-15]. Ferritin also has been widely applied to drug 
deliveries. Liang M et al. [13] demonstrated that ferritin loading 

high-dose doxorubicin (HFn-Dox) could accumulate in tumor 
sites via EPR effect and be degraded in lysosomes to release Dox 
then achieve cancer therapeutic efficacy [13]. Meanwhile, ferritin 
could interact with Transferrin Receptor (TFR1) (also called CD71) 
that acted as some tumor surface antigens, such as brain tumors 
and colorectal tumors, to achieve active targeting function rather 
than merely depend on EPR effect. Fan K et al. [16] elucidated that 
ferritin nanocarriers could bind with TFR1 to cross blood-brain 
barriers, and loaded drug molecules could inhibit glioma tumor 
growth, prolong the survival time of tumor-bearing mice [16].

Figure 1: Schematic diagram of nanomaterials for cancer therapies.

Targeted Protein Nanomaterials
Compared with passive targeting, active targeting therapies 

based on Antibody-Drug Conjugates (ADCs) are remarkably 
effective at eliminating some tumors through interaction with 
ligands. However, ADCs have limited therapeutic efficacy for some 
solid tumors due to poor penetration. Therefore, it is urgent to 
develop more smaller antibodies for cancer therapies. Hamers et al. 
[17] reported a camelid-derived antibody with an average molecular 
weight of 15kDa, a naturally occurring antibody without a light 
chain called a nanobody [17]. Single-domain antibodies (sdAbs) are 
individual heavy-chain antibody Variable Antigen-Binding Domains 
(VHHs), the smallest fragments of antibodies with binding capacity, 
that are characterized by small size, solubility, stability, and high 
penetration [18]. At present, single-domain antibodies have been 
proven to target intracellular proteins. With the development of 
biotechnology, target protein nanomaterials have evolved into 
the era of nanobodies. We have screened a high affinity nanobody, 
coined as 11-1, derived from the VHH of healthy Bactrian camels 
immunized with CD147 protein. 11-1 has well binding abilities for 
CD147 antigens in molecular level or in vitro assays. What’s more, 
it can target tumor sites then inhibit tumor growth in 4T1 breast 
tumor-bearing BALB/c mice [19]. Moreover, in the era of pandemic, 

nanobodies have also been used to treat COVID-19, and humanized 
single-domain antibodies effectively block viral infection by 
targeting spike protein beyond cancer therapies [20,21].

Discussion and Outlook
In this rapidly developed era of nanotechnology, the 

nanomaterials play important roles in the field of cancer therapies, 
which is expected to take great opportunities in the fight with 
cancer. Among them, nanomaterials based on protein have 
drawn widely attention due to high biocompatibility, solubility, 
degradable etc. However, one of biggest challenges it faces is to 
overcome tumor drug tolerance. Previous research elucidated 
that it may solve this problem through disrupting mitochondrial 
functions irreversibly [22-24]. We discovered novel self-assembly 
protein nanoparticle which could specially achieve mitochondrial 
targeting, and it mainly contained GST domain and MT3 domain. 
The latter one could encapsulate or chelate with cobalt ions then 
lead to mitochondrial member potential decrease and ROS produce 
through Co2+ catalysis. Eventually, it would induce cell apoptosis. 
Even so, a major dilemma still remains that non-targeted protein 
nanomaterials have more or less side effects due to “off-target”. 
To address this limitation, we have screened nanobody for CD147, 
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termed 11-1 through phage display technologies. It has well 
tumor targeting ability for CD147 positive tumors. What’s more, 
compared with conventional antibody, there are many superior 
advantages, such as high expression, penetration, stability etc. 
Of note, nanobody almost couldn’t kill tumor cells by Antibody-
Dependent Cellular Cytotoxicity (ADCC) effect. Taken together, 
although the non-targeted materials and targeted materials have 
great potential for cancer therapies, there are many incomplete 
molecular mechanisms to be addressed. We will further explore 
relate mechanisms in the future.
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