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ABSTRACT

Cancer is a complex genetic disease hallmarked with a strong competitive capacity in energy and utilization of
substances compared to normal cells, which is partially due to the ability to adjust their metabolism in response
to environmental changes. During the lifespan of cancer cells, either during carcinogenesis, progress, or metas-
tasis, massive energy and other substances are essential prerequisites, however, the underlying mechanisms are
controversial and still remain unclear. Understanding how cancer cells seize much of the energy and other sub-
stances than normal cells is of utmost importance for next-generation cancer therapy, along with the finding of
novel drug target and drug design. Recent reports about ‘mitochondrial hijack’ of cancer cells through self-
assembled protein nanotubes connected with normal cells and ‘graded messengers pool’ in cytoplasm have evoked
a great interest. Considering the widely discussed ‘nanodomain’ in physical and chemical areas, we proposed the
concept of biological nano confinement (BNC), by which we may rationally elucidate the priorities of solid
tumors on utilization of energy and substances at hypoxia, and less nutrition supplying environments both extra-
and intra-cellular. The ultimate objective was to address the confusion that CAR-T therapies are effective for
hematological cancers but less effective for solid tumors and also to reveal the fact that chimeric antigens recep-
tor-T (CAR-T) adjuvant therapy with chemotherapy has synergetic enhancement effects. In turn, developing
novel inhibitors to depolymerize biological nanoconfinement is urgently needed.
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1 Introduction

Cancer is one of the most serious devastating diseases after heart disease that is a common cause of death
worldwide each year. Due to disease heterogeneity and diversity of standard treatment, cancer treatments are
effective only in a subset of the patient population [1]. To date, four main types of standard cancer treatments
are clinically adopted. Besides apart of individuals were treated with a single therapy method, most patients
have to be treated in combination to tackle the resistant nature of cancer. Surgery can be used when solid
tumors have not metastasized and are located in accessible areas of the body. However, many
metastasized cancers may need more aggressive treatments, such as radiotherapy and chemotherapy.
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Aforementioned approaches involve high doses of radiation and drugs to kill cancer cells and shrink tumors
but with significant adverse effects meantime. In common practice, the pathological metastasis of cancer may
emerge at the very early stage of cancer occurrence, but the clinical metastatic manifestations often lag to a
certain extent. In recent decades, with the progressive technical development of early detection and local
disease control, the 5-year survival rate for many patients with solid cancers has increased manifold [2,3].
While, for some patients, the increase in late relapses always confused the physicians. Understanding the
ways and mechanisms that cancer metastasis occurs and develops will be essential for cancer therapies
[4]. Numerous evidence about cancer metastasis might support the possibility of blocking cancer
metastasis theoretically, while this is not the case for clinical results. What could be the reason? Is the
discovery of the signaling pathways that control cancer metastasis not comprehensive, or are there other
ways? In this perspective, by introducing a novel conception of biological nanoconfinement, we have
tried to discuss the potential mechanism of cancer cell metastasis regarding the cell energy metabolism.

2 Major Existing Cancer Treatment Strategies

Surgery for cancer therapy has flourished with the advent of anaesthesia and antisepsis, and radical
surgery has long been seen as the primary approach to improve the cured rates. Although, the cooperation
between trained experts, including oncologists, radiologists, anaesthetists and nurses developed the
surgical effect to a new height of minimally invasive and almost innocuous [5], however, the high rate of
cancer relapse has largely attenuated the cure efficacy actually.

Radiotherapy has been the classical treatment measure for cancers which was advanced by the radiation-
dose fractionation design [6]. In addition, the advances in sensitizing tumors have greatly prompted the
radiotherapy effects [7]. However, the multi-point occurrence and metastasis of cancers have remained
difficult to be resolved.

Cancer immunotherapy has dramatically changed the way of treating cancer by calibrating the host
immune system to recognize and destroy the cancer cells. However, the controversial efficacy of
immunotherapy with identified adverse effect has posed great challenges for physicians in treating cancer
patients [8], due to lacking the potential for treating solid tumors. Even though leukemia stem cells CAR-
T therapy still showed promising outcomes for leukemia patients, which may be associated with energy
metabolism [9]. Despite the fact that specific cell surface antigens, self-renewal pathways, signaling
pathways, and the epigenome-related cancer stem cells have been focused on in-depth [10–14], the role
of energy metabolism associated with these aspects still remains obscure.

3 Cancer and Energy Metabolism

The hallmarks of cancer disease comprise six biological capabilities, including sustaining proliferative
signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing
angiogenesis, and activating invasion and metastasis. Among these stated hallmarks, genome instability
plays an essential and vital role [15]. In addition, the reprogramming of energy metabolism and the
avoidance of immune destruction make cancer cells reshape a brand new ‘tumor microenvironment’,
making it a bottleneck in treating cancer, and also laying the foundation for the discovery of new cancer
treatments [16,17].

Glycolysis has long been considered the major metabolic process for energy and anabolism in cancer
cells, which implies that mitochondria play a key role in oncogenesis; hence the mitochondria is regarded
as promising target for anticancer agents design [18]. This knowledge upturns our perceptions that cancer
stems from epigenetic or genetic alterations [19,20]; and aerobic glycolysis is the only path for energy
supply to cancer cells [21,22]; Therefore, tumorigenesis and progression is a very complex interactive
process [23,24], suggesting that mitochondrial metabolism plays an inestimable and important role in
tumorigenesis [25,26].
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4 Priority on Energy and Substance Seizing in Cancer Cells

Tumors are dynamic pseudo organs within which tumor cells interact with other non-tumor cells,
thereby forming a complex dynamic network of physiological environments. Therefore, tumor cells face
many challenges and try to change their metabolic properties through this network connection to better
maintain their malignant proliferation [27].

In general, glycolysis is up-regulated in cancer cells, and the oxidative phosphorylation (OXPHOS)
expression should be down-regulated. But OXPHOS was found to be up-regulated in some cancers, even
concurrent with active glycolysis [28].

In fact, the metabolic phenotype of cells in the tumor is heterogeneous. The metabolic rate of glucose,
lactate, pyruvate and hydroxybutyrate rate in cancer cells is much higher than that of normal cells, suggesting
that the metabolic ecology of tumors is very complex. The heterogeneity and complexity of tumor cell
metabolism enable it to not only use ATP as an energy source but also perform various functions,
including the maintenance of reduction-oxidation balance, producing metabolic coupling with different
cell populations, expanding its energy source, and to occupy an active dominant position in energy
acquisition [29].

In either case, energy and essential substances required for anabolism are the prerequisites for the
development and proliferation of cells. Different cells in the same biological system have the capabilities
in competition of energy and essential substances through various routes; only the cells with higher
efficiency in energy and essential substances utilization can develop preferentially. Cancer cells are
usually in a relative hypoxia environment with less energy supply, while the cancer progress and
metastasis need a large amount of energy and materials, suggesting that beyond the traditional energy
supply theory, cancer cells must have some ways. Yet we have not recognized to satisfy this demand; so,
what are the unknown routes by which cancer cells acquire energy and substances?

5 Nanoconfinement

Nanoconfinement is confined in a nanosized region. Commonly, when some active materials, such as
conjugated polymers, metals, and even bio-active materials (protein, DNA, RNA, etc.) are confined at the
nanoscale, they exhibit unique nanoconfined behavior differeing with that observed at macroscale [30].
Moreover, application of nanoconfinement approach to other functional materials such as biomolecules,
will provide a basis for the development and design of new strategies for cancer therapy in terms of
energy and substance utilization [31–33].

Massive molecular studies revealed that cancer cells generally prioritize in taking up energy or essential
substances compared to normal ones throughout their lifespan, yet we did not find any direct and more
convincing clues to stand it. Of course, the above cited nanoconfinements are artificially designed to take
advantage of their physicochemical properties. Although the substances contained in this confinement
have rich diversity, the shell of the confinement is still relatively simple and rigid; hence its utilization in
biological systems is greatly restricted. In this context, we believe that there must be a large number of
various forms of such nano-confined units that exist in the biological system exerting important functions
in the process of tumorigenesis, progression, metastasis and so on. Fortunately, very recent studies shed
light on this mysterious phenomenon, which was then called as bio-nano-confinement (BNC).

A recent study reported that cancer cells could hijack the mitochondria from immune cells via physical
nanotubes. When inhibiting the nanotube assembly machinery, this hijack was reduced significantly [34–37].
These nanotubes are actually the nanoconfinements, which were constituted of special proteins and
glycoproteins that were recruited by the signaling molecules from the extracellular spatial around the non-
tumor cells under the control of cancers through trogocytosis action. However, these nanotubes were
occasionally found due to their sparsely presence having limited efficacy on mitochondrial hijack
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(Fig. 1A). This phenomenon involuntarily makes us consider the existence of other forms of
nanoconfinements, such as those made up of the cytoplasm or other substances in the intercellular spaces,
but have not been fully discovered yet.

G protein-coupled receptors (GPCRs) relay extracellular stimuli into specific cellular functions. Cells
have expressed many different GPCRs, almost more than 200 types, but all those GPCRs targeted only a
few second messengers, such as cAMP. It is unknown how cells distinguish between signals triggered by
different GPCRs to orchestrate their complex functions. A recent study demonstrated that individual

Figure 1: Biological nano confinement examples, elucidated by mitochondria hijack (A), and supposed
graded messengers pools (B)
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GPCRs signal via receptor-associated independent cAMP nanodomains (RAINs) that constitute self-
sufficient, independent cell signaling units. The coexistence of many such RAINs allows a single cell to
operate thousands of independent cellular signals simultaneously, rather than a simple ‘on/off’ switch
(Fig. 1B). We firmly believe that such nanodomains are widely distributed in the cytoplasm and
extracellular spaces in different forms and with a specific order, limiting different substances within them
[38–41].

Moreover, as one of the star products of immunotherapy, CAR-T has proved with great strength in blood
cancer therapy. However, for solid tumors, CAR-T therapy has achieved limited effect. What’s the reason? A
previous study suggests that CAR-T therapy has a drawback: T cells entering solid tumors may stop working
because of a ‘T-cell failure’ (T cell exhaustion) phenomenon [42]. Clinical CAR-T treatment is usually
carried out with monoclonal antibodies (mAbs) due to the limited efficacy of independent use. Although
chemotherapy has significant efficacy in hematological tumors, drug resistance is particularly obvious,
often accompanied by severe adverse effects. While after CAR T cell re-transfusion, this resistance was
reduced; why? Given the blood and lymphatic have higher fluidity, which was not conducive to the
formation and maintenance of BNC, thereafter the cancer cells lose priority in the competition of energy
and essential substances utilization with normal cells, and concurrent with the specific targeted CAR-T
cells attacking, cancer cells become sensitive to the therapeutic interventions, and ultimately showed the
good curative effect. On the other hand, CAR-T re-transfusion might have potentially disturbed the
cancer cell signaling pathway, thereby regulating the trogocytosis to recruit components from normal cells
to construct BNC, eventually causing BNC collapse. Regarding the solid tumors, a relatively stable
environment can facilitate the cancer cells to construct BNC, to some extent, making cancer cells resistant
to drugs and feasible to proliferate.

6 Conclusion

Cancer therapy encounters the great challenges by routine ways. With the new findings related to cell
energy metabolism and anabolism, bio-nano-confinement (BNC) provide us with a novel conception and
promising target for cancer therapy, whether they are solid tumors or not. Of course, the following
problems need to be solved urgently: 1) Technologies for BNC characterization in biology systems; 2)
What are the forms of BNC in biological systems? 3) Does the BNC interact with known signaling
pathways? 4) How do homogeneous and heterogeneous BNC coordinately mediate energy and material
uptake? The solution of these problems will bring cancer treatment into a new era.
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