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The major cause (more than 90%) of all cancer-related deaths is metastasis, thus its prediction can critically affect

the survival rate. Metastases are predicted by lymph-node status, tumor size, histopathology and genetic testing.

The identification of new potential prognostic factors will be an important source of risk information for the

practicing oncologist, potentially leading to enhanced patient care through the proactive optimization of treatment

strategies. Mechanobiology, as a branch of biomechanics and/or a branch of biology, has reached a mature stage

mainly because of the significant technological and methodological advances at the cellular, subcellular, and

molecular levels and the need to disclose the mechanical basis of biology. The application of mechanobiology to

medicine (mechanomedicine) may help advance human health and improve diagnostics, treatment, and

therapeutics of cancer.
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1. A Need for Identification of New Potential Prognostic
Markers

Today, cancer is the second cause of death worldwide . There are different methods to detect cancer, such as

blood tests with cancer-specific markers, imaging (includes MRI, CT, X-ray, ultrasound techniques) and endoscopy.

However, the major cause (more than 90%) of all cancer related deaths is metastasis , thus its prediction and

efficient cure can critically affect the survival rate. Currently, the choice of treatment tactics for non-small cell lung

cancer (NSCLC) and triple negative breast cancer (TNBC) depends on the stage of the disease and the general

condition of the patients. Although lymph-node status, tumor size, histopathology and genetic testing currently

predict metastases, not all of these are infallible, and obtaining results may require weeks. For example, in breast

cancer, lymph nodes that have reached metastases are commonly present, yet about 30% of patients with

negative lymph-node status also develop metastases . The TNM classification, considering the size of the

primary tumor and metastasis to lymph nodes or distant sites, provides some prognostic prediction of the outcome

even though the classification does not consider the organs of metastatic growth . An additional technique for

metastatic cancer prognosis is genetic testing. It allows for the identification of specific subtypes within an overall

disease category based on differences in gene expression . Unfortunately this technique has a limitation in that
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the testing can only provide information on specifically identified genes and in specific cancers (for example,

pancreatic cancer ) and cancer mutation prognostic markers are still undetermined. In practice, the sensitivity

and specificity of individual markers may vary widely and there are a number of physiological and pathological

factors that can affect the results . The clinical gold-standard histopathology examination is qualitative and based

on cancer-type statistics, wherein the regular (i.e., non-urgent) histological grading of tumor samples entails tissue

fixation and usually takes several days to weeks. The automated analysis of histopathology images of fixed tissue

can accelerate results , yet accuracy is challenging and even novel deep-learning approaches have achieved at

most 67% agreement with manual histopathology . Thus, pathological grading has been constrained by longer

timescales and uncertainties in the prognosis of metastatic likelihood, and this can cause substantial distress in

patients and can degrade their immune defense and healing .

The identification of new potential prognostic factors will be an important source of risk information for the

practicing oncologist, potentially leading to enhanced patient care through the proactive optimization of treatment

strategies (Figure 1). Recently, the new techniques, independent of genetics, based on the mechanical

invasiveness of cancer cells (microfluidic, gel indentation assays, migration assays, etc.), demonstrated a high

success rate for metastasis detection in research labs ; however, due to complexity, they are still far away from

clinical implementation. Summarizing all the limitations listed above, new approaches are highly required for the

accurate estimation of the risk for metastasis, preferably with results provided rapidly, in quantitative measures and

independent of user bias.

Figure 1. Potential approach for novel theragnostic markers.

2. Tumor Biomarkers

Cancer cells display a wide range of genetic alterations that include point mutations, gene amplification, and gene

rearrangements, which disrupt molecular pathways that control growth, survival, and metastasis . However,

changes in the molecular signatures may reflect hyperproliferation, genotoxicity, altered gene expression patterns,

hyperplasia, and enzymatic changes that respond to inherited and environmental causes of cancer. Therefore,

biomarkers for cancer detection should be carefully examined. Biomarkers are valuable indicators in cancer

detection because they possess a unique molecular signature secreted by a cell becoming neoplastic or a specific

body response to cancer, measurable in cells, tissues or fluid . They are cellular, biochemical, and molecular

(proteome, genetic, and epigenetic) alterations that can be used to identify or monitor a normal, abnormal, or
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biological process. They may evaluate normal biological processes, pathogenic processes, and pharmacologic

reactions to treatment intervention, and they are subject to change during pathological conditions. Hence, they may

indicate the physiological state of a cell. Cancer is detected using different biomarkers such as genes and

epigenetic markers, metabolic, cancer proteomics, etc. . Cancer gene mutation testing is used to determine the

absence or presence of specific inherited mutations in genes known to play significant roles in cancer

development. For example, blood tests to identify BRCA1 and BRCA2 gene mutations, which indicate the

development of cancer in the breast .

Cytogenetic and cytokinesis markers are classical cancer markers used to identify structural and numerical

aberrations in the chromosomes because of the association between chromosomal aberrations and neoplastic

transformation. Structural aberrations in malignant tumors, which are easily scored using various banding

techniques, arise from hyper- and hypo-diploid, aneuploidy, sister chromatid exchanges, and translocation caused

by deviation in the diploid number of chromosomes . An example of a cytogenetic marker is somatic mutations

in reporter genes, oncogenes, and tumor suppressor genes, which are promising biomarkers for cancer risk

because of their ability to capture genetic events associated with malignant transformation . Enhanced glucose

utilization is a fundamental change in many tumor cells regardless of their histological origin and nature of

mutations . This is because the rapidly dividing cancer cells have high demands for energy and nutrients for

their metabolic process. As a result, changes in the tumor environment, the inactivation of tumor suppressor genes

and the activation of oncogenes cause aberrant glucose metabolism . Hence, glucose utilization is a useful

metabolic marker to diagnose cancer .

Many proteins and other macromolecules secreted into the extracellular milieu by cancer cells serve as

biomarkers. Some of these secreted proteins enter the bloodstream and serve as antigen-based biomarkers in the

serum. Some important cancer antigens used for diagnostic and prognostic biomarkers are prostate-specific

antigens (PSA) in prostate cancer, alpha-fetoprotein in hepatocellular carcinomas, cancer antigen 15-3 in breast

cancer, etc. . Tumor cells circulating in biological fluids are also used as diagnostic biomarkers as they help to

capture, identify and count tumor cells inside the human body. This is possible because these cells detach from

solid tumors and enter the bloodstream .

Much attention has been paid recently to the role of proteomics markers in theragnosis. Several identified protein

biomarkers are in use clinically to monitor both disease progression and therapeutic efficacy . For example, PSA

is a well-known biomarker for prostate cancer, and its diagnostic usefulness is well-established . Another

example is the HER2 marker for breast cancer, when HER2-positive cancers tend to grow and spread faster than

HER2-negative cancers . Specific molecular and genetic markers have been established previously .

Proteomics has emerged as a promising field in the post-genomic era. Proteomics can provide much more

information at the cellular function level than genomics and transcriptomics, and there is a poor correlation between

protein expression and the copy number of genes in cancer cells . Most recently, mass spectrometry-based

proteomics techniques have been at the forefront of cancer research and biomarker discovery studies. The

analytical capabilities of many MS-based proteomics strategies have increased in terms of sensitivity, specificity

and accuracy, facilitating the analysis of several thousand proteins rapidly and accurately in a single study.
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3. Mechanobiology of Metastasis

Altered mechanotype is an emerging hallmark of cancer cells that is linked to invasive phenotype and treatment

resistance. Mechanotype also influences crosstalk between tumor cells and their environment and may thus have a

critical role in cancer progression. Tumor cell mechanotype appears to relate to invasive status .

Demonstration that the invasive potential of cells correlates with their deformability, where softer or more

deformable cells are more invasive, sounds plausible, since more deformable cells can move more easily through

tight gaps, which could assist their escape from a primary tumor and invasion into surrounding ECM . In vitro

experiments have shown that malignant cancer cells are softer than benign cells. This can be shown through

experiments on human cell lines derived from various tissues using different mechanotyping methods. Atomic force

microscopy , deformability cytometry  and parallel microfiltration  are among the mostly widely used.

Many of these methods measure the displacement or change in shape of a cell or protein network. Atomic force

microscopy is used to measure the viscoelastic properties of a single cell or protein network with displacements

down to 1 nm. Other methods can probe mechanical properties over length scales of 1–10 um, such as magnetic

twisting cytometry and micropipette aspiration. The deformability of whole cells can also be measured by forcing

cells to pass through smaller pores than cell size. As such, the parallel microfiltration method, where air pressure

forces a cell suspension to pass through a porous membrane, can measure the relative deformability of different

cell samples . Microfluidic deformability cytometry measures whole-cell deformability by applying stretching

extensional flow to single cells . Active forces generated by the cell can be probed by traction force microscopy,

where displacements of the substrate that result from contractile forces of the cell are measured.

Cell deformability is associated with the aggressiveness of tumor cells. Indeed, overexpression of key epithelial-to-

mesenchymal transition transcription factors (Snail, Slug and Zeb1) makes ovarian cancer cells softer . Human

MCF-7 cells are more deformable than their non-malignant mammary epithelial counterparts, MCF-10 cells.

Metastatic MCF-7 (modMCF-7) cells are even more deformable than the less-invasive MCF-7 cells . Human

lung adenocarcinoma cells with greater metastatic potential are also more deformable than their less-metastatic

counterparts . Human bladder epithelial cancer cells are more deformable than normal cells . Similarly,

transformed fibroblasts are significantly more deformable than normal untransformed fibroblasts . Taken

together, malignant cells across various types of cancers are more deformable than normal cells. Moreover, more-

invasive tumor cells are softer or more tissue-compliant than less-invasive ones.

It is a complex and challenging task to understand the molecular roots of malignant cells’ altered mechanotypes.

Mechanotypes can change through multiple factors including proteins, signaling pathways and other factors.

Changes to cytoskeleton network structure and organization can alter cell differentiation or deformability. Such

structural changes are also linked to malignant phenotypes. Higher grade colon and ovarian cancer cells have

more actin and microtubule content than lower grade cancer cells . Differences in the cytoskeletal

architecture are also involved in variations in the deformability of melanoma cells; these structural alterations are

associated with in vivo metastatic potential in mouse models . However, the cytoskeleton changes in a cancer

cell do not always correlate with the softer mechanotype. Even though softer mesenchymal-type ovarian cancer

cells are often found less readily than their epithelial-type counterparts, there is no uniform pattern of actin
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distribution or microtubule organization that can explain the softer mechanotype . Thus, the cell mechanotype

provides unique information about the malignant status of a cell, being a good candidate for a physical biomarker

of malignancy.

Metastatic invasion through tissue is a critical step in metastases formation. The most widely used measure of

cancer aggressiveness is cell invasiveness, or the ability of a cell to invade its surroundings. Migration is often

used to describe any directed cell movement within the body, while invasion is defined as the penetration of tissue

barriers . In vitro methods enable the study of confined cell migration in environments of known physical and

chemical composition . A simple method for the migration measurement of single cells is colloidal gold particle-

coated surfaces, with areas of clearing in the gold-colloid corresponding to phagokinetic cell tracks .

Microfluidic and nanofluidic assays, with relatively rigid or compliant channels fabricated from silicon or

poly(dimethyl siloxane) (PDMS), were also employed to simulate the flow of single cells through blood or lymph

vessels  or transition effects across mechanical barriers . The enhanced pliability of the metastatic cancer

cells facilitates their migration through small pores, as was evaluated by in vitro Boyden chamber

migration/invasion experiments . Boyden chambers were previously evaluated as a commonly employed

migration assay that measures the capacity of cell motility and invasiveness toward a chemo-attractant gradient

through a porous matrix . However, the experiments last at least 24h and there is dependence on Matrigel

batches: for example, it was found that in the same experiment MDA-MB-231 cells seeded on two different batches

of Matrigel resulted in, respectively, 23 ± 2% and 15 ± 2% invasion . It was previously shown by example of

Boyden chambers (matrix membranes with different mesh sizes), that the structure and mechanics of cancer cells

are linked directly to their metastatic potential . However, the results are affected by the thickness and

composition of membranes, and the invasion capacity of cells with different phenotypes cannot be universally

correlated to metastatic potential . Therefore, before each experiment, the chosen standard should be checked.

There are some complex 3D invasion gel assays for in vitro invasion; they usually utilize a degradable collagen 

or gelatin  matrix and most faithfully mimic the situation in vivo, however, they require complex equipment

such as a confocal microscope or fixation and sectioning . The novel, mechanobiology-based, simple 2D gel-

invasion assay provides relatively fast (one day), quantitative results, with very high accuracy . Recently,

researchers have shown the direct connection of the ability of metastatic cells to invade with their propensity to

endocytosis, and have linked the efficiency of short-time (1 h) encapsulation of nanoparticles to the metastatic

potential . However, those approaches are still far away from clinical implementation, due to the required

manipulations for cancer cell extraction from tumor samples. The definition of specific protein markers, reflecting

the direct mechanobiological properties of cancer cells (i.e., invasive and migration properties), will allow the

detection of metastatic potential with no need for intact cell extraction from the tumor sample, and therefore will

provide an important input in the prognosis of metastasis .

The scope of current Entry will be to expand the current knowledge and advances in understanding the impact of

forces and mechanics on functions and fate of cancer stem cells. The pathways of mechanotransduction in tumor

and tumor microenvironment cells are also at interest. Approaches for treating patients using mechanobiology-

derived strategies are just emerging. The mechanomedicine, including mechanobiology-based tools and strategies
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needed for diagnosing and treating patients. It can be developed by outside-the-box thinking that is supposed to

best come in the Entry.
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