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Simple Summary: Tumor has the classical mechanical properties due to the dynamics of tumor 
cytoskeleton and stiffness. Anticancer drugs that focused on cytoskeleton-targeting natural prod-
ucts are summarized in this review for future development and discovery of the new anticancer 
drugs that based on the mechanical mechanisms of tumor stiffness. 

Abstract: Mechanical properties of tumor cytoskeleton are extremely vital for any phases of cancer, 
especially in tumor invasion and metastasis. However, in current category of anticancer drugs, the 
cytoskeleton-targeting drugs are limited and its role in tumor progression is unclear. Here, we pre-
sent the mechanical characteristics of tumor stiffness are tightly regulated by cancer cytoskeleton 
including actin filaments and microtubule during tumor initiation, growth and metastasis, and re-
view the natural drugs that target cancer cytoskeleton. We define cytoskeleton dynamics as target 
mechanisms for anticancer drug, and summary the plant, microbial and marine sources of natural 
products. Furthermore, the material approaches to active cancer mechanics are supplied in this re-
view. We aim to promote the development of anticancer drugs that target tumor mechanics by using 
those material approaches in future and find its pharmacological application. 

Keywords: anticancer drugs; mechanical microenvironment; tumor stiffness; cytoskeleton dynam-
ics; material approaches 
 

1. Introduction 

Cancer is a malignant tumor that originates from epithelium. Mechanical regulation has 
a significant role in both epithelial cells and cancer cells on their physiological and 
pathological progressions [1,2]. The mechanical properties of cancer cells are initiated by 
their mechanical microenvironment including but not limited to the stiffness of the sur-
rounding extracellular matrix (ECM) substrates and further regulated the tumor stiffness 
[3,4]. Most important, the mechanical stiffness plays a critical role in cancer progression. 
For instance, in breast cancer, the increased stiffness of ECM drives tumorigenic pheno-
type in mammary epithelium [1]. The tumor stiffening are occurred in metastatic colo-
rectal cancer [5]. In fact, cancer cytoskeleton that depends on actin filaments and micro-
tubules to regulate the mechanical properties of tumor tissue plays a key role in homeo-
stasis, morphogenesis and cancer metastasis [6]. Thus, assessing the mechanical charac-
teristics of tumor by cytoskeletal dynamics of cancer cells during cancer progression acts 
as a good indicator in cancer diagnostics, prophylactics, therapeutics, especially in drug 
development [7-10].  

However, the efforts on the discovery of anticancer drugs most limited in those cy-
totoxic drugs to induce turmorshrinkage [11,12]. In addition, the unclear mechanism 
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action of the anticancer drugs and no detailed evaluated manner may prevent the appli-
cation in clinical trial. Moreover, the focus on cytoskeleton-targeting natural products 
sourced anticancer drugs is important and relevant to translational therapies in cancer 
disease from tumor mechanical mechanisms attention to its pharmacological applica-
tion. Therefore, the mechanical regulations of cytoskeleton-targeting natural anticancer 
drugs should be illustrated before clinical therapy. 

At present, the underlying mechanisms among mechanical stiffness, cancer cell and 
cytoskeleton are clear [6,7,13], while the unknow event is that the relationship between 
mechanical stiffness and anticancer drug (Figure 1A). Since anticancer drugs have the 
direct inhibition on cancer cells and cytoskeleton dynamics [10,14,15], there must be 
some connections between the two. Thus, the mechanical mechanisms of tumor progres-
sions and cytoskeleton dynamics should be clarified. As a matter of fact, the cytoskele-
ton dynamics occur in the polymerization and depolymerization of microfilaments and 
microtubules and mechanical stiffness response to cancer cytoskeleton [6,16]. Cancer 
cytoskeletons promote the tumor initiation, growth and tumor metastasis is displayed in 
Figure 1B. Yet, more detailed mechanisms of the mechanical properties of tumor tissue 
are urgent to reveal before the development of anticancer agents for the guidance of an-
ticancer strategies. 

Here, we firstly summarize cytoskeleton-associated mechanical stuffs during tumor pro-
gressions involving the mechanical stiffness that tumor microenvironment of the sur-
rounding ECM substrates and tumor tissue. We define cytoskeleton dynamics as target 
mechanisms for anticancer and review present cytoskeleton-targeting natural products. 
Finally, we also provide the overview of the 2D and 3D substrate materials that used to 
active tumor mechanics, which can apply in drug discovery and the research on its 
mode actions. 
2. Mechanical microenvironment of tumor tissue 

Tumor microenvironment are complex and compose of ECM, which surrounds with 
both normal epithelial cells and activated cancer cells [17]. The mechanical properties of 
tumor microenvironment refer to the ECM stiffness and have been implicated that matrix 
stiffness influenced cancer behaviors. In addition, cellular behaviors are altered with the 
changes in tissue stiffness to facilitate disease progression [18,19]. In fact, the emerging 
researches have revealed that the ECM stiffness were different far away between normal 
epithelial cells and cancer cells [20,21]. The stiffness of ECM substrates that surrounding 
of the normal epithelial cells are ~150 Pa, while breast cancer cells are showing an in-
creased ECM stiffness of ~4-5 kPa as shown in Figure 2A [22]. Indeed, mechanical cues 
such as increased ECM stiffness promote the progression of cancer cells to form tumor 
tissue [1]. In addition, cancer cells spread less and have shorter actin filaments on soft 
substrates, while exhibition of a polarized morphology and show stress fibers, moreover, 
cells have higher proliferation on matrix rigidity than softer one (Figure 2B) [23]. As a 
response, cancer cytoskeletons including microfilaments and microtubules are partici-
pated in the different shapes and grades of cancer cells [6]. The connections of cytoskele-
ton and ECM are displayed in Figure 2B, the actin dynamics regulated by G-actin and F-
actin, the myosin II and integrins linked ECM substrates are all contribute to mechanical 
stiffness [24-26]. And various reports have revealed that microtubules and microfilaments 
on mechanical properties of cancer cells, between them the crosslinker plays an action role 
[27,28]. 
3. The inner mechanical stiffness of tumor tissue  

Tumor tissue occurs and survives in a three-dimensional (3D) microenvironment. 
Precisely, any multicellular tissue has a 3D shape. Mechanical integrity and biological 
function maintain within the special tissue volume. Investigation of the mechanical cues 
in tumor 3D structure is better for the anticancer therapy in vivo. Fortunately, materials 
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and instruments are available to do the depth research of multicellular system in 3D en-
vironments by 3D hydrogels [4,29]. Therefore, the inner mechanical stiffness of tumor tis-
sue is uncovered, and also reveals the tumor development by physical characteristics of 
individual cells. As exhibited in Figure 2C, the tumor tissue divides into core to periphery 
parts. The intratumor stress and cancer stiffness decreases from core to periphery cells, 
while the volumes of cancer cells are increase [4,29]. In addition, the cytoskeleton between 
core cells and periphery cells were significantly different [30]. Most important is that the 
periphery cells have abundant stress fibers, which tend to facilitate tumor invasion [4]. 
Take it together, the mechanical stiffness regulated by cytoskeleton of cancer cells and 
tumor tissue are key factors and indicators for controlling tumor progression, which 
should be best targets for the development of anticancer drugs. 

Anticancer drugs origin from cytoskeleton-targeting natural products  
In the cancer progression phase, especially in solid cancers, more than 90% of mor-

tality causes by tumor invasion and metastasis [31,32], anticancer drugs that targeting cy-
toskeleton are one of the most effective therapy to control tumor invasion and metastasis 
[33]. Cytoskeleton-targeting natural products mainly origin from plant, microbial and ma-
rine sources [32], we list the classical compounds to illustrate the cytoskeleton function 
during tumor mechanics. As showed in Figure 3A, cucurbitacins, taxol and vinblastine 
are the natural products from plants; chondramides and cytochalasins derive from micro-
bial source; gediamolides, jasplakinolide and latrunculins are the member from marine 
source. Among these natural compounds, taxol and vinblastine are targeting microtubule, 
while the others are all targeting microfilaments. The different functional manners of cy-
toskeleton-targeting anticancer agents to hijack cancer cytoskeleton, are detailed in Table 
1 and further discussed below. 
4. Actin-Targeting Anticancer Drugs 

Actin dynamics are critical mechanical component involved in cancer growth, inva-
sion and migration [24,27]. Drugs that targeting actin can be categorized as the drugs that 
destabilize the actin filaments and the agents that stabilize actin cytoskeleton [10]. As 
shown in Figure 3B, the processes of actin dynamics are tightly regulated by two actin 
members, a free monomer called G-actin (spherical actin) or as part of linear polymer mi-
crofilaments called F-actin (filamentous actin). F-actin can also be described as microfila-
ments. The two parallel F-actin chains must be rotated by 166 degrees to be on top of each 
other properly. This produces the double helix structure of the micro filaments found in 
the cytoskeleton. The diameter of the microfilament is about 7nm, and the helix repeats 
every 37 nm. Each actin molecule binds to either adenosine triphosphate (ATP) or adeno-
sine diphosphate (ADP) molecules, which are associated with Mg2+ cations. Compared 
with all possible combinations, the most common actin forms are ATP-G-actin and ADP-
F-actin. The actin depolymerization occurs on (-) end of F-actin, while polymerization on 
(+) end.  
5. Actin-Destabilizing Drugs 

Cytochalasins family mostly derive from the species of fungi (more than 60%). The 
size of the macrocyclic ring and the substituent of the perhydroisoindolyl- 

1-one residue at the C-3 position are used to classify the cytochalasin subgroup, the 
chemical structure of cytochalasin D is shown in Figure 4. Cytochalasins are the actin de-
stabilizers and inhibit actin filaments by binding to its (+) end. Cytochalasins can be used 
for the treatment of gastric, breast and colorectal cancers (Table 1). In addition, cyto-
chalasin E can be used as the adjuvant of bortezomib to increase the drug sensitivity of 
human lung cancer A549 cells via inhibition of autophagy [34]. Recently, synthesis tech-
nologies further expand the diverse functional use of cytochalasins [35].  

Gediamolides are actin destabilizers that interfering with actin filaments and de-
rived from marine sponges. By culturing cancer cell lines in a 3D environment, reports 
show that gediamolide H (Figure 4) affects the aggressive of tumor cells and inhibits mi-
gration and invasion of Hs578T cells via modifications in actin cytoskeleton [36] 
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Latrunculins are the actin-targeting agents, also derived from marine sponges. 
Latrunculins lead actin depolymerization by the sequestration of G-actin monomers The 
chemical structure of latrunculin A is shown in Figure 4, and many marine source macro-
lides have the similar functions of disrupting the actin cytoskeleton [37]. The main drug 
therapy of latrunculins is inhibiting the invasion of tumor cells [38,39]. 
6. Actin-Stabilizing Drugs 

Actin stabilizing drugs discussed in this work are the typical natural compounds that 
have the abilities of stabilizing actin cytoskeleton, triggering deregulated polymerization, 
leading monomer depletion and accumulations of large filament aggregates. Targeting 
actin stabilizing also has the better  

Cucurbitacins, the family of Cucurbitaceae belongs to the plant natural products is 
reported that has the significant function of stabilized actin cytoskeleton. Cucurbitacin E 
can bind to F-actin and form a covalent bond at residue Cys257 [40]. Therefore, cucurbita-
cin E is used for inhibiting the breast tumor and lung cancer metastasis by suppressing 
the cell migration and invasion (Table 1) [41,42]. 

Chondramides are the cyclodepsipeptides that derived from the myxobacterium 
Chondromycescrocatus crocatus [43]. Chodramides bind to F-actin to stabilize the actin cy-
toskeleton. Chondramides used as the migrastatic drug to inhibit the invasion of cancer 
cells [44].  

Jasplakinolide is an actin stabilizer that come from marine sponges. The function of 
jasplakinolide promote actin polymerization and its binding to actin filament is competi-
tive with phalloidin [45], which can inhibit lung metastases [14]. 
7. Microtubule-Targeting Drugs 

Microtubule targeting agents for cancer therapy are important therapeutic target in 
tumor cells [46,47]. Before drugs that target microtubules work, it is necessary to under-
stand the formation process of microtubules. Microtubule is a heterodimer formed by the 
polymerization of two protein molecules, namely α-, β-tubulin molecules. As shown in 
Figure 3C, in order to form microtubules, the dimer of α- and β-tubulin binds to GTP and 
assembles to the microtubule in the GTP-bound state. The β-tubulin subunit is exposed at 
the positive end of the microtubule, and the α-tubulin subunit is exposed at the negative 
end. After the dimer is incorporated into the microtubules, the GTP molecules bound to 
the β-tubulin subunits are finally hydrolyzed into GDP through contact between the di-
mers along the microtubule protofilaments. Whether the β-tubulin member of the tubulin 
dimer binds to GTP or GDP will affect the stability of the dimer in the microtubule. Dimers 
bound to GTP tend to assemble into microtubules, while dimers bound to GDP tend to 
split. Therefore, this GTP cycle is essential for the dynamic instability of microtubules. 
Thus, microtubules are become the major targets to development of anticancer drugs, they 
display the most effective drugs especially in the therapy of solid tumors [48-50]. The two 
classical microtubule-targeted natural drugs are introduced following. 

Taxol (Paclitaxel) is one of classical microtubule-stabilizing agents that isolates from 
natural plant, the stem bark of the western yew, Taxus brevifolia Nutt [51]. The structure 
of paclitaxel shows that it belongs to diterpene with a tetracyclic 17 carbon frame and 11 
stereocenters (Figure 4). The stabilized function of paclitaxel on microtubule is that it can 
preferentially binds to the β-subunit of tubulin, then make tubulin and tubulin dimer lose 
dynamic equilibrium, finally inducing and promoting microtubule polymerization, as-
sembly and prevent depolymerization [52]. Paclitaxel exhibits a potential broad-spectrum 
anticancer activity, especially in the therapy of ovarian cancer, breast cancer and non-
small cell lung cancer [52]. In addition, Paclitaxel also play a large role in tumor immunity 
[53]. 

Vinblastine is completely opposite to paclitaxel in the anticancer mechanism used as 
the microtubule-destabilizing drug [54]. This product mainly inhibits the polymerization 
of tubulin, and hinders the formation of spindle microtubules, so that nuclear fission stops 
at the middle stage. Vinblastine effective against malignant lymphoma, choriocarcinoma 
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and testicular neoplasms, as well as lung cancer, breast cancer, ovarian cancer and mono-
nuclear leukemia [55,56]. 

Cytoskeleton-targeting drugs have been discontinued due to significant toxicity, 
most of them are caused by the nonspecificity of the target. Although an appropriate pro-
tein delivery system can be conjugated to drugs to potent therapeutic benefits, thereby 
delivering highly specific treatments of cytoskeleton-targeting drugs to neoplastic tissue, 
the other developed manner need be used in future. Indeed, the cytoskeleton is much 
difference between normal cells and cancer cells as our summarized (Figure 2 and 3), 
which further trigger different mechanical behaviors. Therefore, illustration of cytoskele-
ton modulated mechanics in cancer cells by using modern advanced material approaches 
is a prerequisite for future development of anticancer drugs. 
8. Material approaches on anticancer drug in future 

In cellular mechanical field, the approaches including 2D and 3D materials are em-
ployed for the study of cellular dynamics and mechanics to underly the physiological and 
pathological processes of cells [29,57]. Therefore, we overview majority material ap-
proaches in Figure 5, and aim to inspire the mechanical research topics and drug targets 
of anticancer therapy in future. The 2D flat substrates are usually used for recover the 
flexible substrate environment of cell growth due to the Young’s moduli of the surround-
ing substrates in vivo mostly are less than 100 kPa [58]. Thus, the mechanical mechanisms 
of ECM stiffness on the cancer cell growth and initiation, even the differences from normal 
cells will be clarified by using the 2D flat substrates. Furthermore, the anticancer drugs 
that target tumor cell proliferation and initiation can be screened by this system.  

Actually, the tissues have a variety of topological forms, such as coiled structure of 
small intestine. The microfabricated substrate with topographical patterns can achieve it. 
By using this material, how tissue structure induces tumorigenesis and the progression of 
tumor stiffness in different histological structures will be understand. The anticancer 
drugs that target cancer cell invasion, growth and metastasis can be well developed by 
thus. For the 3D-structure of tumor, 3D hydrogels provide better platform to investigate 
how mechanical environment modulates tumor stiffness and further affect tumor metas-
tasis. Additionally, the platform is more conducive to screening out drugs for tumor con-
trol and prevention and control of tumor growth and migration. Take it together, we be-
lieve that material approaches to active the mechanics of tumor tissue can be well applied 
in discovery of anticancer drug in future. 
9. Conclusion 

In summary, mechanical properties of tumor stiffness that modulated by cancer cy-
toskeleton are critical for tumor progression. The anticancer drugs from cytoskeleton-tar-
geting natural products that directly disturb the cytoskeleton dynamics are worth to de-
velop. Furthermore, the material approaches to active cancer mechanics that supplied in 
this review will provide an in vitro platform for the investigation of anticancer drugs that 
target tumor mechanics and find its pharmacological application. 
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3.2. Figures, Tables and Schemes 

 
Figure 1. The relationship between cytoskeleton regulated tumor stiffness and anticancer drugs that target at cytoskeleton dynam-
ics. 
(A) Anticancer drugs that target cytoskeleton dynamics are in unknow function on tumor stiffness. Anticancer drugs can inhibit 
cancer cells and disrupt cytoskeleton dynamics and both cancer cell and its cytoskeleton dynamics are modulated by mechanical 
stiffness, while the relationship between anticancer drugs and mechanical stiffness is unknow. Actually, cytoskeleton dynamics 
promote the growth change of cancer cells. Mechanical stiffness and cancer cells or cytoskeleton dynamics have regulated each 
other.  
(B) Tumor stiffness and cancer cytoskeleton are regulated with tumor progression. Cytoskeleton of cancer cells including microfila-
ment and microtubule are increase as well as tissue stiffness from tumor initiation, tumor growth to tumor metastasis. 

Table 1. Anticancer drugs that target cytoskeleton dynamics 

Origin Drug Target Activity Models Cancer Refs 

Plant Cucurbitaceae Cucurbitacin 

E 

Actin 

stabilizer 

Inhibition of the 

depolymerizatio

n of actin 

filaments 

4T1 

and 

MDA-

MB-

231 

breast 

cancer 

cells 

Breast cancer, 

lung cancer 

[42,59,

60] 

Taxus chinensis Taxol  Microtubule 

stabilizer 

It can promote 

microtubule 

polymerization, 

assembly and 

prevent 

depolymerizatio

n 

 

Breast 

cancer 

cell et 

al. 

Ovarian cancer, 

breast cancer, 

some neck cancer 

and non-small cell 

lung cancer 

[52,61,

62] 
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Apocynaceae Vinblastine Microtubule 

destabilizer 

Depolymerizati

on of 

microtubule 

Nonsm

all-cell 

subtype 

 

Malignant 

lymphoma, 

choriocarcinoma, 

lung cancer, 

breast cancer, 

ovarian cancer 

and mononuclear 

leukemia. 

 

[54-56] 

Microb

e 

Fungi Cytochalasins Actin 

destabilizer 

Direct severing 

of actin 

filaments, 

inhibition of 

actin subunit 

polymerization  

 

AGS, 

CT26 

colorec

tal 

carcino

ma 

cells 

Gastric cancer; 

breast carcer and 

colorectal cancer 

[32,63] 

Myxobacterium 

Chondromycescrocat

us crocatus 

Chondramides Actin 

stabilizer 

Anti-

invasiveness; 

Anti-

phosphorylation 

of MLC; Anti-

contractility 

 

MDA-

MB-

231 

cells 

Breast cancer, 

lung cancer 

[43,44] 

Marine Brazilian sponge 

Geodia 

corticostylifera 

Gediamolides Actin 

destabilizer 

30% decrease 

on invasive 

behavior of 

Hs578T cells. 

 

MCF-7 

and 

Hs578

T cells 

Breast cancer [36] 

Marine sponges Jasplakinolide Actin 

stabilizer 

It promotes 

actin 

polymerization 

and stabilizes 

actin filaments. 

Its binding to F-

actin is 

competitive 

with phalloidin. 

 

- Lung cancer [45] 

 Latrunculins Actin 

destabilizer 

 

G-actin; 

interaction 

with thymosin 

b4; 

AMDC

-S and 

Breast cancer and 

gastric cancer 

[38,39,

64] 
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>95% inhibition 

of 

invasiveness at 

100 ng/mL;  

Anti-

invasiveness 

AMDC

-AS 

cell 

Lines; 

MDA-

MB-

231 

cells; 

MKN4

5 and 

NUGC-

4 cells 

Note: 

 

Figure 2. Mechanical microenvironment of tumor tissue is critical for tumor progression. 
(A) The mechanical regulations between extracellular matrix (ECM) substrates and cancer cells. ECM stiffness surrounds 
normal cell are lower than cancer cell. The stiffness of ECM substrates on breast epithelial cells and cancer cells are ~150 
Pa and ~ 4-5 kPa, respectively.  
(B) Cancer cell invasion and tumor growth are fast following with the increased ECM stiffness, which promotes the cancer 
cells form tumor tissue [23]. Cytoskeleton dynamics of cancer cells including actin and microtubule dynamics are crosslink 
with each other.  
(C) Tumor stiffness modulates tumor progression. The intratumour stress gradient reduces from core to periphery and 
thus leads cell volume turn bigger and tumor stiffness decrease, which together facilitate tumor cell invasion [4]. 
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Figure 3. Functional action of cytoskeleton-targeting natural products. 
(A) Cytoskeleton-targeting natural products mainly origin from plant, microbial and marine source. Plant source: cucur-
bitacin E, taxol and vinblastine; Microbial source: chondramides and cytochalasins; Marine source: gediamolides, jas-
plakinolide and latrunculins. 
(B and C) The mode action of anticancer drugs on cancer cytoskeleton of actin filaments and microtubules. The cytoskel-
eton dynamic process of depolymerization and polymerization are in black arrows, while the drug targets were highlight 
in red. 
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Figure 4. The chemical structures of natural drugs that target of cancer cytoskeleton. 

Cytoskeleton-targeting natural products mainly origin from plant source (e.g., cucurbitacin E, taxol and vinblastine), mi-
crobial sources (e.g., chondramides and cytochalasins) and marine sources (e.g., gediamolides, jasplakinolide and latrun-
culins). 
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Figure 5. Material approaches to active tumor mechanics to develop anticancer drug in future. The material approaches 
to active tumor mechanics are including 2D flat substrates, microfabricated substrate with topographical patterns and 3D 
hydrogels. The research topics exhibited on mechanical stiffness of tumor and cancer diseases are showed. Targets of 
candidate anticancer drugs are also displayed. 
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