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Small GTPase is a kind of GTP-binding protein commonly found in eukaryotic cells. It plays 

an important role in cytoskeletal reorganization, cell polarity, cell cycle progression, gene ex- 

pression and many other significant events in cells, such as the interaction with foreign par- 

ticles. Therefore, it is of great scientific significance to understand the biological properties 

of small GTPases as well as the GTPase-nano interplay, since more and more nanomedicine 

are supposed to be used in biomedical field. However, there is no review in this aspect. This 

review summarizes the small GTPases in terms of the structure, biological function and 

its interaction with nanoparticles. We briefly introduced the various nanoparticles such as 

gold/silver nanoparticles, SWCNT, polymeric micelles and other nano delivery systems that 

interacted with different GTPases. These current nanoparticles exhibited different pharma- 

cological effect modes and various target design concepts in the small GTPases study. This 

will help to elucidate the conclusion that the therapeutic strategy targeting small GTPases 

might be a new research direction. It is believed that the in-depth study on the functional 

mechanism of GTPases can provide insights for the design and study of nanomedicines. 

© 2018 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

mall GTPase family is a GTP-binding protein family which 

an be commonly found in eukaryotic cells [1] . It is a kind 

f GTPases can achieve mutual transformation between GTP 
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nd GDP in cytoplasm [2] . These small GTPases act as molecu- 
ar switches in cells, affecting almost all cellular processes [3] .
he most prominent member of small GTPase family is the 
as GTPase, thus the family is also called the Ras superfamily 
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2. Structure and action mechanism of small 
GTPases 

2.1. Structure of small GTPases 

The analysis of the small GTPase protein crystal structure in-
dicates that the GTP binding domain of this type of protein can
be subdivided into five relatively conserved motifs G1–G5. G1
motif (I) is a purine nucleotide binding signal; G2 motif (E) is in
one of two segments that redirects with GDP or GTP binding
function and provides major component of the effector bind-
ing surface; G3 motif (II) is related to the binding of nucleotide-
related Mg 2 + ; G4 motif (III) brings the hydrogen bond in con-
tact with the guanine ring; G5 motif ( Ⅳ ) makes indirect as-
sociations with the guanine nucleotide [ 6 –8 ]. Taken together,
these elements constitute the conserved ∼20 kDa domain and
shared by all Ras superfamily proteins. 

2.2. Action mechanism of small GTPases 

While participating in physiological activity, the molecular
structure of small GTPases present two forms which support
mutual transformation, GTP-binding activated state and GDP-
binding non-activated state, which can also be called as “ON”
state and “OFF” state, respectively [3] . 

The hydrolysis of GTP to GDP is mediated by GTPase-
activated proteins (GAPs), and the exchange of GDP to GTP is
mediated by guanine nucleotide exchange factors (GEFs) [9] .
GEFs and GAPs coexist in most cells, increasing the diversity
of signals that regulate small GTPases activity [8] . Guanine
nucleotide dissociation inhibitors (GDIs) are contrary to ex-
change factors. GDI specifically binds GDP-bound GTPase and
inhibits GDP release ( Fig. 1 B) [10] . 

3. Classification of small GTPase protein 

Ras GTP enzyme was initially found to be a mutation of GT-
Pase in various cancers. As time goes by, many GTP enzymes
are found to have the similar 3D structure with Ras. At present,
the family has over 150 members making it a superfamily.
On the FASEB Summer Consultative Conference in 1992, the
comprehensive naming principle of Ras-like GTPase was es-
tablished, dividing the small G protein into five subfamilies
of Ras, Rho, Rab, Arf/Sar and Ran according to the sequence,
structure and function. The sorting criterion is now widely ac-
cepted. Recently, Rad, Rap, Rheb, Rit and Miro are also included
into the superfamily [11] . 

Extensive researches on each family of small GTP enzyme
family in term of cancer only focused on how these protein
families control the no carcinogenic process (such as immu-
nity and inflammation) at the beginning. The functions of
these GTP enzymes are greatly overlapped. Ras takes charge
of cell proliferation, Rho is used for cell morphology, Ran is
used for nuclear transport, and Rab and Arf are used for vesi-
cle trafficking [8] . 

3.1. Ras subfamily 

Ras superfamily is the first and the most diversified subfamily.
It plays a large role in mediating immunity and inflammation
[7,8] . The Ras subfamily protein is almost the generic compo-
nent in signaling pathway of eukaryotes (including vertebrate,
invertebrate and yeast), which plays a key role in the develop-
ment, proliferation, differentiation and survival of eucaryon. 

In addition to the widely expressed major Ras isoforms,
the highly conserved H-, K- and N-Ras exhibit diverse biologi-
cal properties [12,13] . H-ras, K-ras and N-ras genes are located
on chromosomes 11, 12 and 1, respectively. K-ras gene is also
known as the p21 gene because it encodes a 21 kDa Ras pro-
tein. K-Ras has the largest impact on human cancer. 

3.2. Rho subfamily 

Rho GTPase family contains well-developed Rac1, RhoA and
Cdc42 which modulate the formation of cytoskeleton, cell po-
larity, cell cycle progression and signal network of gene ex-
pression [14–16] . RhoA, Rac1 and Cdc42 possess the most obvi-
ous members [17,18] . They serve as the molecular switches in
separate or correlative signaling pathways [19] . These signal-
ing pathways link the plasma receptors to activate cytoskele-
ton reorganization and the subsequent biological effect. Cdc42
and Rho can be commonly found in yeast and most mam-
malian cells, while Rac can only be observed in the latter [20] .

Actually, the three kinds of protein play the same signif-
icant role in modulating cell polarity, genetic transcription,
cell cycle progression, microtubule kinetics, vesicle trafficking,
extracellular matrix (ECM) remodeling and various enzymatic
activities (using NADPH oxidase activity to generate the reac-
tive oxygen, ROS) [21] . 

3.3. Rab subfamily 

Rab subfamily is the largest subfamily in Small GTPase Protein
family [1] . Amid the 93 Small GTPases family members of Ara-
bidopsis, 57 belong to Rab subfamily. Rab subfamily modulates
the vesicle trafficking and protein transport of eukaryocyte by
regulating complex vesicle trafficking and microtubule system
activities. 

At present, there are 60 kinds of Rab proteins (including
isomers) which play an important role in promoting and mod-
ulating the berth and integration of trafficking vesicle ( Fig. 2 ).
Each organelle has at least one kind of Rab protein and differ-
ent membranes have different Rab proteins. 

3.4. Arf subfamily 

Similar with Rab protein, the ADP-ribosylation factor (Arf) sub-
family protein is the major regulatory factor of the biosyn-
thesis of trafficking vesicle in cells [22] . Different from Rab
protein which works in single step of membrane transporta-
tion, Arf protein can work in various steps. For example, Arf
can control (1) formation of coat protein I (COPI)-coated vesi-
cle supporting antiporter between Golgi and ER; (2) formation
of clathrin/adaptin 1 (AP1) compound-related vesicle in trans-
Golgi network (TGN) and immature vesicle and (3) formation
of endosome containing AP3 [6] . 

3.5. Ran family 

Ran is a kind of small GTPases with higher expressive abun-
dance in eukaryocyte [23] . It can modulate the formation of
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Fig. 1 – (A) Schematic diagram of the small GTPase protein sequence. (B) Regulation of small GTPase activity. GTPases cycle 
between their GTP-bound active and GDP-bound inactive form. They are activated by guanine-nucleotide exchange factors 
(GEFs), which remove GDP, thus enabling excess cellular GTP to bind. The binding of active GTPase to downstream effector 
proteins elicits cell responses. GTPase-activating proteins (GAPs), which increase the GTPase activity, are the off-switch. 
Inactive Rac is sequestered in the cytosol by guanine-nucleotide dissociation inhibitors (GDIs). Reproduced with permission 

from [78] . Copyright 2018 John Wiley & Sons, Inc. 
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ell spindle apparatus, cell cycle progression, structure and 

unction of karyotheca, material transport of nucleoplasm,
ell redox reaction and RNA nuclear export, RNA synthesis 
nd processing, etc. [24] . 

Ran participates in the modulation of karyoplasm trans- 
ort of mammal and yeast. Many nucleoporins of mammal 
nd yeast contain Ran binding domain (RBD). RBD, Ran and 

uclear import factor form the tripolymer. After nuclear ex- 
ort, when the receptor compound binds with Ran-GTP, the 
ubstrate will be released. The remaining receptors and Ran- 
TP dimer will return to cytoplasm and re-participate in the 

ransport of nuclear import factors. Ran also regulates the 
olecule nuclear export. The nuclear export receptor and its 

ubstrate bind with Ran-GTP to form the compound. After nu- 
lear export, Ran-GTP will be hydrolyzed into Ran-GDP to sep- 
rate receptor and substrate [25] . 
. Function of small GTPase and its role in 

ano delivery system 

mall GTPase can regulate various vital movements of cells,
ncluding cell growth, differentiation, cell movement, lipid 

esicle trafficking, etc. [26,27] . In term of function, Ras sub- 
amily regulates the gene expression; Rho subfamily regu- 
ates cytoskeleton reorganization, cell wall synthesis, cell cy- 
le progression, and MAP kinase signal transduction; Rab sub- 
amily and Sar/Arf subfamily regulate the vesicle trafficking 
nd clathrin formation; Ran subfamily regulates karyoplasm 

ransport, microtubule formation, formation of mitotic spin- 
le apparatus and the assembly of karyotheca after cell divi- 
ion. At present, more and more researches suggest the impor- 
ant role of small GTPase in the nanoparticle transport [28–31] .
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Fig. 2 – Overview of Rab GTPases on the endocytic pathway. Rab GTPases function in internalization and transport to 

degradation, as well as recycling to the plasma membrane and the Golgi. The numbers in the figure indicate other kinds of 
Rab GTPases, for example, 14 represented of Rab14. Reproduced with permission from [40] . Copyright 2014 Cold Spring 
Harbor Laboratory Press. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1. Ras 

Ras is a GTP-binding protein involved in membrane ruffling,
pinocytosis and the formation of stress fibres. The ras onco-
genes exhibit transforming properties due to single point mu-
tation in the sequence coding for the active site of the p21
protein [32–34] . These mutations lead to changes in cellular
proliferation and induce tumorigenic properties. In an ear-
lier study, antisense oligonucleotides directed to point mu-
tations (G → U) in codon 12 of Ha-ras mRNA selectively in-
hibited the proliferation of cells expressing point mutant H-
Ras genes [35] . When it was absorbed by PIHCA NPs, the
same effect could be achieved when the concentration was
100 times lower than that of the free oligonucleotide. NPs
protected oligonucleotides from rapid intracellular degrada-
tion, which led to considerably higher intracellular concen-
trations of intact oligonucleotides. As a result, they markedly
inhibited H-Ras dependent tumor growth in nude mice after
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ubcutaneous injection. These experiments showed that us- 
ng antisense oligonucleotides to inhibit ras oncogenes can 

lock tumor development even though activation of ras onco- 
enic could be seen in the early stage of tumor progression.
his work was very new in 1994 because RNAi emerged in 

990. In another similar study, researchers also silenced the 
as gene. They entrapped the antisense siRNA of Ras inside a 
SH-responsive nano transporter to be delivered specifically 

o a tumor cell. Therefore, it knocked down several differen- 
ially expressed genes that are regulated by the Ras activation 

athway [36] . Efforts to perform in vivo siRNA delivery with a 
roperly designed GSH-responsive nanocarrier might lead to 
ransformed targeted cancer treatments. 

In recent studies, Ras is also used to diagnostics cancer. Re- 
earchers degraded human genomic DNA was by sonication 

nd inserted the dye fluorescent quenching quantum dots 
QDs) after target hybridization in the microfluidic chip. Af- 
er the K-ras oncogene hybridized with the probe DNA in the 
hannel, the intercalating dye (TOTO-3) could quench the flu- 
rescence of the QD to detect K-ras gene [37] . Wang et al. de-
ected pancreatic cancer patients’ feces of K-ras gene muta- 
ions by magnetic nanoprobe showed that nanoparticles were 
ble to detect K-ras mutations in different stages of pancreatic 
ancer, with comparable sensitivity and specificity to CA19-9 
xamination for differentiating pancreatic cancer [38] . These 
ethods are both good examples to detect oncogenes and 

ave good clinical application prospect. 
There are also studies on other aspects of Ras. Rotblat et al.

escribed a hitherto unknown cellular signaling particle, ra- 
osome [39] . Its size was nanometer and moved rapidly in 

n ATP-independent random motion in the cytosol and car- 
ied multiple copies of palmitoylated Ras proteins. Although 

t is an endogenous substance, the author still regards it as 
anoparticle. 

.2. Rab 

early 3/4 of about 70 human Rab-GTPases are involved in en- 
ocytic trafficking [40] . Endosomal membrane transport path- 
ays exhibit a significant plasticity due to receptor signaling 

nd Rab-GTPase-regulated scaffolds. The roles of Rab-GTPases 
re discussed widely, including (1) compartmentalizing the 
ndocytic pathway into early, recycling, late, and lysosomal 
outes; (2) coordinating individual transport steps from vesi- 
le budding to fusion (3) effector interaction; and (4) signaling 
ascades [14,41–44] . 

Becker et al. investigated a strategy in a study, using a 
mall GTPase of the Rab family on DNA-Gold nanoparticles 
n virtue of a site-specifically attached poly (ethylene glycol) 
inker and thiol place-exchange reaction [45] . Rab proteins 
ct as the central regulators of vesicle trafficking and partici- 
ate in vesicular budding, targeting, and fusion [42] . Rab6 was 
riginally identified as a key player of microtubule-dependent 
etrograde traffic, controlling vesicle trafficking from early 
ndosomes to the TGN through the Golgi apparatus, and 

rom the Golgi to the endoplasmatic reticulum [46] . It ap- 
ears to participate in a complex network of protein–protein 

nteractions. 
Another study applied the rapid multicolor 3D live cell 

onfocal fluorescence microscopy, and adopted transient 
ver expression of small GTPases marking various endo- 
ytic membranes, indicating the kinetics of nanoparticle traf- 
cking through early endosomes to late endosomes and 

ysosomes [47] . It is shown that, after the internalization,
he 40 nm polystyrene nanoparticles first pass through an 

arly endosome intermediately decorated with Rab5, but 
hey are rapidly transferred to late endosomes and ulti- 

ately lysosomes labeled with Rab9 and Rab7, respectively.
00 nm larger nanoparticles also reach acidic Rab9- and 

ab7-positive compartments despite a slower rate than the 
maller 40 nm nanoparticles. This study revealed that rela- 
ively few nanoparticles can access endocytic recycling path- 
ays, considering the lack of significant colocalization with 

ab11. It also demonstrated that this quantitative approach 

ould effectively detect rare events in nanoparticle traffick- 
ng, specifically nanoparticles in Rab1A-labeled structures,
hereby revealing the extensive intracellular interactions be- 
ween nanoparticles and intracellular environment. 

.3. Rho 

.3.1. Cdc42 
dc42 signaling can effectively control cell proliferation, cell 
olarity, survival and invasion [48–50] . Knockdown of Cdc42 

ed to a 46% decrease of the internalization of PEGylated silica- 
oated iron oxide nanoparticles within 24 h incubation in Hela 
ells, proving the significance of Cdc42 in this endocytosis 
echanism [51] . However, knockdown of Dynamin 2, Flotillin- 

, Clathrin and PIP5K α caused no or only minor effects. Endo- 
ytosis of iron oxide nanoparticles in HeLa cells was mainly 
ediated by Caveolin-1 and Cdc42. Cdc42 could mediate the 

nternalization of nanoparticles was referred in two reviews,
ut there is no actual example [28,29] . It is shown here for the
rst time Cdc42 is involved in endocytosis of silica-coated iron 

xide nanoparticles in HeLa cells in vitro . We expect that more 
anoparticles could be confirmed whether they are related to 
dc42-mediated endocytosis. 

.3.2. Rac1 
s the main regulator in actin cytoskeleton reorganization,
ac1 can affect endocytosis and trafficking, cell cycle pro- 
ression, adhesion and migration [52,53] . Importantly, Rac1 
ontrols lamellipodia formation and membrane ruffles after 
eing stimulated by extracellular ligands such as epidermal 
rowth factor (EGF), platelet-derived growth factor (PDGF) or 
nsulin [54] . By using pharmacological inhibitors and in virtue 
f genetic approaches, SWCNT is verified to be endocytosed 

hrough Rac1-GTPase mediated macropinocytosis in normal 
ndothelial cells [55] . 

Berry et al. synthesized magnetic nanoparticles and deriva- 
ized with dextran (DD), followed by comparing with simi- 
ar underivatized plain particles [56] . Despite of the uptake 
f both the uncoated and the DD-derivatized particles into 

he cell, the derivatized particles can induce alterations in 

ell behavior and morphology compared with the plain par- 
icles, suggesting that cell response is dependent on the par- 
icles coating. The DD nanoparticles led to elevated clathrin 

ocalized to the ring-like actin structures due to changes in 

ctin polymerization in response to activation of the small GT- 
ases Rac1 and Cdc42. 
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Fig. 3 – (A) Scheme of nanoparticles biofunctionalized nerve implants, are taken up by cells and enable neurite out growth. 
(B) Neuronal response to nanoparticles by RhoA protein reduction [66] . Copyright (2010), American Chemical Society. (C) 
Staining of filamentous actin in the AgNP-treated was stronger than that of the control and AgNO 3 -treated cells [68] . 
Copyright (2014), Dovepress Ltd. (D) Fibroblasts on RGD-gold squares smaller than 1 mm show altered morphology. 
Reproduced with permission from [69] . Copyright 2011 Public Library of Science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rac1 also participates in transcriptional modulation of
gene expression relying on NF κB, JNK y MAPK activation
and later induction of AP-1 transcription factors involved
in cell proliferation. Diesel et al. developed synthetic silica
nanoparticles which amplified an inflammatory response in
macrophages [57] . The activation of Rac1 was induced by silica
nanoparticles as well as BCG DNA and is regarded as the criti-
cal signaling event that induces both cytoskeleton changes as
well as activation of inflammatory cell. 

Another study identified a key role of Rac1 signaling in the
mediation of increased N-Cadherin expression. Using a real-
time Rac1-FRET biosensor, high-creep hydrogels increased
Rac1 activation under functional support from observed in-
creases in motility and lamellipodial protrusion rates of hu-
man mesenchymal stem cells, providing underlying mecha-
nisms for enhanced commitment towards a SMC lineage and
the compensatory increase in spread area (isotonic tension)
after a creep-induced loss of cytoskeletal tension on viscoelas-
tic substrates [58] . 

4.3.3. RhoA 

It has been proved that Ras homologous A (RhoA) can promote
both cell proliferation and cell invasion [59,60] . Accumulat-
ing data indicate that RhoA protein-dependent cell signaling
plays a significant role in the malignant process. Over expres-
sion of RhoA in cancer suggests a poor prognosis due to the ex-
acerbated tumor cell proliferation and invasion and tumor an-
giogenesis [61,62] . Pille et al. applied encapsulated anti-RhoA
siRNA in chitosan-coated polyisohexylcyanoacrylate (PIHCA)
nanoparticles in xenografted aggressive breast cancers (MDA-
MB-231), demonstrating that it can well inhibit cancer aggres-
sivity in vivo , proving its therapeutic promise for treating ag-
gressive breast cancers or cancers of other origins suffering
over expressed RhoA [63] . 

Similarly, because RhoA can obviously inhibit the axonal
outgrowth after an injury to the nervous system and the
RhoA after activation can counteract regeneration [64,65] .
Microstructured 20 μm thick polymer filaments which act
as nerve implants were loaded with chitosan/siRhoA RNA
nanoparticles with the purpose to promote nerve regenera-
tion and ensure local delivery of nano therapeutics [66] . Tar-
get mRNA was successfully reduced by 65% - 75% and neurite
outgrowth was enhanced even in an inhibitory environment.
Therefore, the application of nanobio-functionalized implants
can work as a novel approach for spinal cord and nerve repair
( Fig. 3 A,B). 

Huang et al. designed a mesoporous silica nanoparticle
(MSNs), which induces transient but insufficient osteogenic
signals in human mesenchymal stem cells (hMSCs) [67] . The
uptake of MSNs into hMSCs posed no impact on the cell vi-
ability, proliferation and regular osteogenic differentiation of
the cells. However, the internalization of MSNs indeed induced
actin polymerization and activated the small GTP-binding
protein RhoA. 

It has also been reported that silver nanoparticles promote
osteogenic differentiation of human urine-derived stem cells,
induce actin polymerization and increase cytoskeletal ten-
sion, and activate RhoA at non-cytotoxic concentrations. How-
ever, AgNO 3 had no such effect ( Fig. 3 C) [68] . 

In another study, in virtue of the nano stencil technique,
culture substrates were patterned with gold squares of a width
and spacing between 250 nm and 2 mm [69] . The gold was
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Fig. 4 – Schematic representation of the intracellular trafficking network of MSNs. Reproduced with permission from [72] . 
Copyright 2017 American Chemical Society. 
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unctionalized with RGD peptide as ligand for cellular inte- 
rins, and mouse embryo fibroblasts were plated. Small pat- 
ern cells showed aberrant fibronectin fibrillogenesis, and the 
irected migration speed was reduced significantly compared 

o fibroblasts on 2 mm square patterns. By interfering with 

hoA/ROCK signaling eliminated the differences in cellular 
hape and actin cytoskeleton respectively observed on the 
arge vs. small patterns in the absence of drugs ( Fig. 3 D). 

.4. Arf6 

he role of small GTPase Arf6 in nanoparticle has been sel- 
om studied. In a study of Arf6, the normal rat kidney (NRK) 
ells and Hela cells co-culture system was employed and the 
iO 2 NPs transfer was observed [70] . The authors found that 
he small GTPase Arf6 facilitates the intercellular transfer of 
maller NPs and endosomes. However, the transfer vehicle 
sed by TiO 2 NPs remains unknown. 

.5. Multiple GTPases 

here are also many studies focusing on more than one kind 

f GTPase. For example, studies found that the aspect ratio 
AR) determines the quantity of mesoporous silica nanoparti- 
le uptake. The rods with intermediary AR also induced filopo- 
ia, actin polymerization, and activation of small GTP-binding 
roteins (e.g., Rac1, CDC42) to the greatest, involving the as- 
embly of the actin cytoskeleton and filopodia formation [71] .
ing et al. found the FITC-labeled MSNs-PDA could be colo- 
alized with Caveolae- and Arf6-positive vesicles but could 

ot colocalized with Clathrin-, Flotillin-, Cdc42-, and RhoA- 
ositive vesicles ( Fig. 4 ) [72] . In the EGFP-Rab34 transfected 

ela cells, a perfect colocalization was found by Ding et al.
etween Rab34-marked macropinocytosis and FITC-labeled 

SN. This showed that different modifications of the same 
ind of nanoparticles could also result in different cellular 
athways. 

Another research focused on the effect of amphiphilic 
CL-PEG nano-micelles on HepG2 cell migration [73] . The 
ano-micelles with medium PCL and PEG chains increased 

he expression of Rho GTPases and impeded focal adhesion 

FA) components, which accordingly enhanced the motility of 
epG2 cells. In contrast, the nano-micelles with large PCL and 

EG chains exhibited lower Rho GTPase levels and higher FA 

omponents. 
It is reported that Zinc Oxide nanoparticles could also in- 

uce intercellular adhesion molecule 1 expression through 

ac1/Cdc42-MLK3-JNK-c-Jun signaling, which, in comparison,
ould not be activated in – HUVECs treated by Zinc oxide 
icro-particles (ZnO-MPs) [74] . 

. Conclusion and prospect 

mall GTPases are very important regulatory proteins of eu- 
aryotes. They play crucial regulatory function in various 
ovement processes of organism [75–77] . Different nanopar- 

icles used to investigate the interaction with small GTPases 
nside cells have been summarized. At present, related re- 
earches only cover a few limited types of nanoparticles and 

TPases, the action mechanism of the two still requires a sys- 
ematic interpretation. Small GTPase family has large fam- 
ly members, but their interaction with nanoparticles is still 
onsidered very little. We summarized different nanoparti- 
les mentioned in this review to investigate the interaction 

ith small GTPases inside cells and listed them in Table 1 
n nanoparticle structure dependent ways. According to this 
able, we can more clearly see that inorganic nanoparticles 
re more widely used in the study of small GTPases than or- 
anic polymers. But now there are only 21 examples could 

e found. One of the key issues in this area is how to dig
ut and identify small GTPase(s) which is/are related to reveal 
he involved physiological functions and the interaction with 

anoparticles. Analysis on structure and function of small GT- 
ases in virtue of methods of biological chemistry, proteomics,
olecular biology and genetics, etc. will contribute to a clear 

nderstanding about their molecule action mode. It is ex- 
ected that the exact action mechanisms will be identified in 
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Table 1 – Summary of small GTPases related nanoparticles. 

Vehicle Modification Mechanism/Aims GTPases 

Polymer nanoparticles 
Micelles [73] PCL-PEG The nano-micelles with medium PCL and PEG chains 

increased the expression of Rho GTPases 
Rac1 

Cdc42 
RhoA 

Hydrogels [58] High-creep Viscoelastic hydrogels inducted Rac1 activity Rac1 
PIHCA NPs [35] Anti-Ras siRNA Inhibition of ras oncogenes by antisense oligonucleotides can 

block tumor development 
Ras 

PIHCA NPs [63] Chitosan-coated & 

anti-RhoA siRNA 

Origins suffering over expressed RhoA RhoA 

Chitosan NPs [66] Anti-RhoA siRNA Blocking of RhoA signal transduction may result in axon 
regeneration and provide a molecular target for novel 
therapeutic approaches in the spinal cord 

RhoA 

Inorganic nanoparticles 
Gold nano stencil [69] RGD peptide The RhoA/ROCK signal played a role in deformation by the 

different size of gold nano stencil 
RhoA 

TiO 2 NPs [70] 5/40 nm Arf6 facilitates the intercellular transfer of smaller 5 nm NPs Arf6 
Mesoporous silica NPs [71] – The intermated AR rods activation of small GTP-binding 

proteins to the greatest 
Rac1 

CDC42 
Mesoporous silica NPs [72] PDA Arf6 is related to PDA-MSN NPs into the cells Arf6 
Zinc Oxide NPs [74] – Induce intercellular adhesion molecule 1 expression through 

Rac1/Cdc42-MLK3-JNK-c-Jun signaling 
Rac1 

Cdc42 
SWCNT [55] DNA SWCNT is endocytosed through Rac1 mediated 

micropinocytosis 
Rac1 

Quantum Dots [37] Intercalating dyes Target hybridization to detect K-ras oncogenes Ras 
Gold NPs [45] Rab6A & DNA Detailed introduction the immobilization of the Small GTPase 

Rab6A on DNA–Gold nanoparticles by using a site-specifically 
attached poly (ethylene glycol) linker and thiol place exchange 
reaction 

Rab 

Ag NPs [68] – AgNPs activated GTP-bound form of RhoA RhoA 

Polystyrene NPs [47] 40/100 nm Overexpression of small GTPases marking various endocytic 
membranes, reveal the kinetics of nanoparticle trafficking 
through early endosomes to late endosomes and lysosomes in 
living cells 

Rab 

Iron oxide NPs [38] Probe for K-ras The magnetic nanoprobe can detect fecal K-ras mutations in 
different stages of pancreatic cancer 

Ras 

Iron oxide NPs [51] PEGylated silica-coated CDC42 is related to the PEGylated SPIONs inside cells Cdc42 
Iron oxide NPs [56] Derivatized with dextran The derivatized particles induce alterations in cell behavior 

and morphology is related to Rac1 
Rac1 

Silica NPs [57] – Nanoparticles can induce Rac1 related signaling pathways, 
which amplify an inflammatory response in macrophages 

Rac1 

Nature naonparticles 
Rasosome [39] Innate cytosolic 

nanoparticles 
Navigate Ras signaling from different intracellular 
compartments delivery 

Ras 

Others 
Nano transporter [36] GSH-responsive Knock down several differential gene expressions being 

regulated by Ras-activated pathways like enzyme-linked 
receptor kinase pathway 

Ras 

 

 

 

 

 

the future, which will be favorable for the designing of better
nanomedicines with higher effectiveness for practical appli-
cation. 
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