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ABSTRACT

Two actin isoforms build the actin cytoskeleton in non-muscle cells: β-and γ-cytoplasmic actins (β- and γ-actins), 
encoded by ACTB and ACTG1 genes respectively. They are ubiquitously expressed in the different cells in vivo and 
in vitro, and the b/γ-actin ratio depends on the cell type. Cytoplasmic actins are both essential for the cell survival, 
but they perform various functions in the interphase and during cell division, as well as they play different roles in 
neoplastic transformation. In this review, we briefly summarize the research results of recent years and describe the 
features of the cytoplasmic actins: spatial organization in close connection with their functional activity during the 
cell cycle.
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INTRODUCTION

Actin is one of the most abundant proteins in eukaryotic cells. The 
ability of actin to polymerize and interact with enormous number 
of other proteins allows it to perform many different functions. 
All the cytoskeletal proteins are capable of polymerization, however 
the exchange between monomeric and polymerized actin in the 
cytoplasm occurs rapidly, the exchange time at the edge of the cell 
is several seconds. The high dynamics of actin network provides 
the ability to play multiple roles in the cell mobility, maintaining 
cell shape, signal transduction, cell adhesion, transcription and 
muscle contraction, and the formation of a contractile ring during 
cytokinesis [1,2].

There are six actin isoforms in the cells of vertebrates-four 
predominantly tissue-specific muscle isoforms (skeletal, cardiac, 
and smooth muscles), and two non-muscle isoforms (named 
cytoplasmic β- and γ-actins) that are essential for almost all the cells 
[3,4]. The ratio and subcellular distribution of actin isoforms are 
variable and depend on the cell type [5-7].

Despite the long research history, it is still not clear why are two 
such similar non-muscle actin isoforms coexist in the cell. The 
following questions remain open: (1) whether non-muscle actins 
have distinct functions in the cytoplasm of the same cell and at the 
different stages of the cell cycle; (2) is the localization of non-muscle 
actins essential for the normal architecture of the cytoskeleton and 
organization of the intracellular space; (3) what is the contribution 
of non-muscle actins to the progression of the pathological 

CYTOPLASMIC ACTIN ISOFORMS: 
STRUCTURES AND FUNCTIONS IN THE 
INTERPHASE NON- MUSCLE CELLS 

The family of actin proteins is highly conserved. The greatest 
difference is observed in the amino acid sequence of muscle 
and non-muscle isoforms [4]. Two cytoplasmic actins and many 
actin-binding proteins, which provide the organization of various 
structures, form the microfilament cytoskeleton of non-muscle 
cells. The amino acid sequences of cytoplasmic β- and γ-actin (β- 
and γ-actin hereafter) differ only in four residues located at the 
N-terminus of the polypeptide chain [3]. 

β-Actin gene is essential for the survival during embryonic 
development of mammals. Embryos of mice lacking β-actin are 
much smaller in size and die at the early stages of development [8]. 
Embryos without γ-actin pass the prenatal period of development 
with some delay, and after the birth they experience an increased 
mortality rate [9]. Mouse embryonic fibroblasts with β-actin 
knockout show reduced motility compared to normal cells [8]. 
There is a pronounced compensatory expression of α-smooth 
muscle actin and activation of the Rho signaling pathway in these 
fibroblasts. ROCK inhibitors restore motility of cells without 
β-actin. γ-Actin is an important structural element and positive 
regulator of cell migration. Knockdown of γ-actin leads to excessive 
phosphorylation of cofilin and myosin light chain, which indicates 
ROCK activation, increased contractility, and inhibition of the cell 
motility [10-13]. Morphological studies of the structures that are 

processes, including the cell transformation?
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formed by non-muscle actins became possible due to highly specific 
monoclonal antibodies against β- and γ-actin and the method of 
confocal microscopy [10]. In the non-muscle cells of different origin 
(epithelial, endothelial, fibroblasts) β- and γ-actin organize different 
cytoskeletal structures, diversely located within the cell, and can 
perform distinct functions [10,11,14]. In fibroblasts, β-actin is 
predominantly located in the stress fibers and in the focal contacts 
area; cortical and lamellar branched actin network consists of 
γ-actin (Figures 1A and B). In the lamellipodia, the colocalization 
of β- and γ-actin is observed (Figure 1B). β-Actin filaments are 
involved in the processes of cell contraction. In the epithelial 
cells, β-actin forms basal microfilament bundles and participates 
in the adhesion junctions; γ-actin organizes the cortical (dorsal) 
network of actin filaments and some stress fibers (Figure 1C) [10]. 
Distribution of β- and γ-actin in the endothelial cells is similar to 

β-Actin is important for the structure and functional regulation 
of the adhesion junctions in epithelial cells and determines an 
apical-basal cell polarity. γ-Actin is associated with tight junctions 
in the epithelial cells. Suppression of β-actin causes the loss of 
intercellular contacts in the epithelial cells, while a downregulation 
of γ-actin induces an epithelial-myofibroblast transition (EMyT), 
accompanied by an increase of stress fibrils and enhanced 
expression of α-smooth muscle actin [11,14].

Cytoplasmic β- and γ-actins are also involved in the endothelial 
barrier function [16]. β-Actin is found mainly in the stress 
fibers, while γ-actin forms a branched cortical network in the 
interphase endothelial cells of large vessels [17]. Coordinated 
rearrangements of β- and γ-actin filaments contribute significantly 
to the development of endothelial microparticles [15]. Endothelial 
microparticles are membrane vesicular structures released upon 
endothelial cell activation or induction of apoptosis [18,19]. Both epithelial cells [15]. 

Figure 1: (A, B) β- and γ-actin display distinct distribution at the leading edge of fibroblasts moving towards the wound. An experimental wound was performed 
by scratching a monolayer of normal human subcutaneous fibroblasts. The cells were fixed and stained for cytoplasmic actins three hours later after scratching. 
β-Actin bundles (green) and γ-actin network (red) are pronounced in the motile cells. Laser scanning microscopy (LSM). Scale bars: A) 10 μm; B) 5 μm. (C) β- and 
γ-actin are localized in different structures and cell compartments. MDCK epithelial cells were cultivated for 3 days, fixed and stained for cytoplasmic actins. Top 
image represents Z-section (a). β-Actin (green) is present in basal bundles (d) and cell-cell contacts (c). γ-Actin (red) is present in lamellar (d) and dorsal/cortical 
(b, c) networks. LSM. Scale bar: 10 μm. D, E: Segregation of cytoplasmic actin isoforms in telophase/cytokinesis of normal mitotic epithelial cells. β-Actin and 
γ-actin are spatially segregated in telophase/cytokinesis of epithelial HaCaT cells. D) β-actin (green), γ-actin (red) and DNA (blue). E) β-actin (red), γ-actin (blue) 
and tubulin (green). LSM. Scale bars: 5 μm. 
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actin isoforms are responsible for the endothelial barrier function 
and the dynamics of cell contacts. However, β-actin is vital for 
endothelial cells: β-actin knockout leads to the death of almost 
all endothelial cells [20]. The connection of the actin structures 
with microtubules (MT) is important for the functional activity 
of endothelial cells. Microfilament-MT interaction provides 
compression and relaxation of the cell during the endothelial 
barrier function. Thrombin or nocodazole treatment impairs 
the barrier function, induces MT disassembly, and leads to the 
formation of large stress fibers [21]. MT affect the actin filament 
organization via local changes of actomyosin contractility at the 
end of stress fibers [22]. Actin filaments interact with the dynamic 
MT [21,23] which are the majority in endothelial cells [21]. The 
dynamics of MT is γ-actin-depended, which suggests the presence 
of a mechanical joint between γ-actin and MT [24]. This joint is 
possibly established through the intermediates, which may be 
isoform-specific. For example, MT plus-end binding protein EB1 is 
known to interact mainly with γ-, but not β-actin [25].

DIFFERENT IMPACT OF ACTIN ISOFORMS ON 
THE PROCESS OF CELL DIVISION

Cytoplasmic actins are segregated in anaphase-telophase of normal 
mitotic epithelial cells [10,26]. The organization and functions of β- 
and γ-actins at different phases of mitosis of non-tumor epithelial 
cells were studied using laser scanning microscopy (LSM) [26]. 
It was shown that β- and γ-actins are spatially separated in early 
prophase, anaphase, telophase and during cytokinesis (Figures 1D 
and 1E). A decrease in β- or γ-actin expression via small interference 
RNAs (miRNAs) leads to a significant reduction of cell population. 
A decrease of β-actin causes the generation of multinucleated 
cells, which indicates a possible cytokinesis failure in these cells. 
Suppression of γ-actin expression diminishes the number of 
mitoses. The interdependence between actin isoforms and the MT 
system during mitosis is observed: Reduction of γ-actin induces the 
disorganization of the mitotic spindle, and suppression of tubulin 
polymerization influences β-actin arrangement. Thus, both actin 
isoforms are required for normal cell division, but each isoform has 
its specific contribution to this process. 

Actin cytoskeleton is reorganized during tumor transformation. 
This reorganization provides motility, invasion, and metastasis of 
tumor cells. Cytoplasmic actins play different roles in neoplastic 
transformation. The predominance of β-actin induces epithelial 
differentiation, suppresses cell growth, invasion and tumor growth 
of colon and lung carcinoma cells. Thereby β-actin acts as a tumor 
suppressor in the epithelial tumor cells. On the contrary, the 
dominance of γ-actin enhances malignant features of epithelial 
tumor cells [27]. The depletion of each cytoplasmic actin leads to 
impaired proliferation/cell cycle in carcinoma cells [27,28].

The cytoplasmic actins play distinct roles in cell cycle regulation 
of breast cancer cells. Down-regulation of each cytoplasmic actin 
isoform inhibits the proliferation of breast cancer cells, but only 
suppression of β-actin stimulates expression of cyclins A2, B1 and 
D3, whereas suppression of γ-actin reduces expression of these 
cyclins. γ-Actin is co-localized with extracellular signal-regulated 
kinases 1/2 (ERK1/2) in breast cancer MCF7 cells. Reduction of 
β-actin induces ERK1/2 activation, while γ-actin down-regulation 
inhibits phosphorylation of ERK1/2. ERK1/2, γ-actin and cyclin 
A2 directly interact in the same protein complex. Reduction of 
γ-actin leads to a decrease of cyclin A2, inhibits ERK1/2 signaling 

and cell proliferation [27-37]. 

CONCLUSION

The functions of non-muscle β- and γ-actins have been investigated 
for a long time, using the molecular and cell biology methods, 
in particular silencing or overexpression of genes encoding these 
isoforms. The data have been frequently contradictory, which could 
be associated with technical difficulties of experiments, including 
a different level of selective suppression or overexpression of each 
actin isoform. 

Today we consider that β- and γ-actins form distinct structures in the 
cytoplasm of non-muscle cells of various origins. The distribution 
within the cell and functions of isoform-specific actin structures are 
distinguishable at the different stages of the cell cycle-in interphase, 
and during mitosis. The differences in the polymerization of non-
muscle actins, isoform-specific interaction with proteins that 
regulate polymerization, allow to suppose that cytoplasmic actins 
perform distinct functions in the cell. The contribution of actin 
isoforms to the development of pathological processes, including 
tumor transformation, is different. 

Both cytoplasmic actin isoforms are fundamentally important 
for the vital activity of the cells, and each isoform has the specific 
functions, despite the minimal structural differences. The ratio 
and interaction of actin isoforms are necessary for the normal 
functioning of interphase and mitotic cells, and imbalance leads to 
the development of pathologies, including tumor transformation. 

ACKNOWLEDGMENTS

This work was supported by the Russian Foundation for Basic 
Research (grant # 18-29-09082) and was partially supported by 
Lomonosov Moscow State University Development program 
(PNR5.13). The authors acknowledge the support by Nikon Center 
of Excellence at Belozersky Institute of Physico-Chemical Biology."

REFERENCES

1.	 Perrin BJ, Ervasti JM. The actin gene family: Function follows isoform. 
Cytoskeleton (Hoboken). 2010;67:630–634.

2.	 Ampe C, Van Troys M. Mammalian Actins: Isoform-Specific Functions 
and Diseases. Handb Exp Pharmacol. 2016.

3.	 Vandekerckhove J, Weber K. At least six different actins are expressed 
in a higher mammal: an analysis based on the amino acid sequence 
of the amino-terminal tryptic peptide. J Mol Biol. 1978;126:783-802.

4.	 Ampe C, Van Troys M. Mammalian actins: Isoform-specific functions 
and diseases. Handb Exp Pharmacol 2017;235:1-37.

5.	 Vandekerckhove J, Leavitt J, Kakunaga T, Weber K. Coexpression of 
a mutant beta-actin and the two normal beta- and gamma-cytoplasmic 
actins in a stably transformed human cell line. Cell. 1980;22:893-899.

6.	 Otey CA, Kalnoski MH, Bulinski JC. Identification and quantification 
of actin isoforms in vertebrate cells and tissues. J Cell Biochem. 
1987;34:113-124.

7.	 Sheterline P, Clayton J, Sparrow J. Actin. Protein Profile. 1995;2:1-103.

8.	 Bunnell TM, Burbach BJ, Shimizu Y, Ervasti JM. β-Actin specifically 
controls cell growth, migration, and the G-actin pool. Mol Biol Cell. 
2011;22:4047-4058.

9.	 Bunnell TM, Ervasti JM. Delayed embryonic development and 
impaired cell growth and survival in Actg1 null mice. Cytoskeleton 
(Hoboken). 2010;67:564-572.

https://doi.org/10.1002/cm.20475
https://doi.org/10.1016/0022-2836(78)90020-7
https://doi.org/10.1002/jcb.240340205
https://doi.org/10.1091/mbc.e11-06-0582


4

Dugina VB, et al. OPEN ACCESS Freely available online

J Clin Cell Immunol, Vol.12 Iss.2 No:1000614

10.	Dugina V, Zwaenepoel I, Gabbiani G, Clement S, Chaponnier C. 
Beta and gamma-cytoplasmic actins display distinct distribution and 
functional diversity. J Cell Sci. 2009;122:2980-2988.

11.	Lechuga S, Baranwal S, Li C, Naydenov NG, Kuemmerle JF, Dugina 
V, et al. Loss of γ-cytoplasmic actin triggers myofibroblast transition of 
human epithelial cells. Mol Biol Cell. 2014;25:3133-3146.

12.	Shum MSY, Pasquier E, Po’uha ST, O’Neill GM, Chaponnier C, 
Gunning PW, et al. γ-Actin regulates cell migration and modulates the 
ROCK signaling pathway. FASEB J. 2011;25:4423-4433.

13.	Malek N, Mrówczyńska E, Michrowska A, Mazurkiewicz E, Pavlyk 
I, Mazur AJ, et al. Knockout of ACTB and ACTG1 with CRISPR/
Cas9(D10A) technique shows that non-muscle β and γ actin are 
not equal in relation to human melanoma cells’ motility and focal 
adhesion formation. Int J Mol Sci. 2020;21:2746.

14.	Baranwal S, Naydenov NG, Harris G, Dugina V, Morgan KG, 
Chaponnier C, et al. Nonredundant roles of cytoplasmic β- and γ-actin 
isoforms in regulation of epithelial apical junctions. Mol Biol Cell. 
2012;23:3542-3553.

15.	Latham SL, Chaponnier C, Dugina V, Couraud P, Grau GER, 
Combes V, et al. Cooperation between β‐ and γ‐cytoplasmic actins 
in the mechanical regulation of endothelial microparticle formation. 
FASEB J. 2013;27:672-683.

16.	Shakhov AS, Dugina VB, Alieva IB. Structural features of actin 
cytoskeleton required for endotheliocyte barrier function. Biochemistry 
(Mosc). 2019;84:358-369.

17.	Shakhov AS, Verin AD, Alieva IB. Reorganization of endothelial cells 
cytoskeleton during formation of functional monolayer in vitro. Cell 
and tissue boilogy. 2014;8:138-151.

18.	Piccin A, Murphy WG, Smith OP. Circulating microparticles: 
Pathophysiology and clinical implications. Blood Rev. 2007;21:157-
171.

19.	George FD. Microparticles in vascular diseases. Thromb Res. 
2008;122:55-59.

20.	Pasquier E, Tuset MP, Sinnappan S, Carnell M, Macmillan A, 
Kavallaris M, et al. γ-Actin plays a key role in endothelial cell motility 
and neovessel maintenance. Vasc Cell. 2015;7:2.

21.	Alieva IB, Zemskov EA, Smurova KM, Kaverina IN, Verin AD. The 
leading role of microtubules in endothelial barrier dysfunction: 
Disassembly of peripheral microtubules leaves behind the cytoskeletal 
reorganization. J Cell Biochem. 2013;114:2258-2272.

22.	Small JV, Kaverina I. Microtubules meet substrate adhesions to arrange 
cell polarity. Curr Opin Cell Biol. 2003;15:40-47.

23.	Preciado López M, Huber F, Grigoriev I, Steinmetz MO, Akhmanova 
A, et al. In vitro reconstitution of dynamic microtubules interacting 
with actin filament networks. Methods Enzymol. 2014;541:301-320.

24.	Po‘uha ST, Kavallaris M. Gamma-actin is involved in regulating 
centrosome function and mitotic progression in cancer cells. Cell 
Cycle. 2015;14:3908-3919.

25.	Dugina V, Alieva I, Khromova N, Kireev I, Gunning PW, Kopnin P, et 
al. Interaction of microtubules with the actin cytoskeleton via cross-talk 
of EB1-containing +TIPs and γ-actin in epithelial cells. Oncotarget. 
2016;7:72699-72715.

26.	Shagieva GS, Alieva IB, Chaponnier C, Dugina VB. Divergent 
impact of actin isoforms on division of epithelial cells. Biochem. 
2020;85:1072-1081.

27.	Dugina V, Khromova N, Rybko V, Blizniukov O, Shagieva G, 
Chaponnier C, et al. Tumor promotion by γ and suppression by β 
non-muscle actin isoforms. Oncotarget. 2015;6:14556-14571.

28.	Dugina V, Shagieva G, Khromova N, Kopnin P. Divergent impact of 
actin isoforms on cell cycle regulation. Cell Cycle. 2018;17:2610-2621.

29.	Schevzov G, Lloyd C, Gunning P. Impact of altered actin gene 
expression on vinculin, talin, cell spreading, and motility. DNA Cell 
Biol. 1995;14:689-700.

30.	Peckham M, Miller G, Wells C, Zicha D, Dunn GA. Specific changes 
to the mechanism of cell locomotion induced by overexpression of (β)-
actin. J Cell Sci. 2001;114:1367-1377.

31.	Shmerling D, Danzer CP, Mao X, Boisclair J, Haffner M, Lemaistre M, 
et al. Strong and ubiquitous expression of transgenes targeted into the 
β-actin locus by Cre/lox cassette replacement. Genesis. 2005;42:229-
235.

32.	Belyantseva IA, Perrin BJ, Sonnemann KJ, Zhu M, Stepanyan R, 
McGee J, et al. Gamma-actin is required for cytoskeletal maintenance 
but not development. Proc Natl Acad Sci U S A. 2009;106:9703-9708.

33.	Tondeleir D, Lambrechts A, Muller M, Jonckheere V, Doll T, 
Vandamme D, et al. Cells lacking β-actin are genetically reprogrammed 
and maintain conditional migratory capacity. Mol Cell Proteomics. 
2012;11:255-271.

34.	Bergeron SE, Zhu M, Thiem SM, Friderici KH, Rubenstein PA. Ion-
dependent polymerization differences between mammalian beta- and 
gamma-nonmuscle actin isoforms. J Biol Chem. 2010;285:16087-
16095.

35.	Pollard TD. Actin and actin-binding proteins. Cold Spring Harb 
Perspect Biol. 2016;8:018226.

36.	Boiero Sanders M, Antkowiak A, Michelot A. Diversity from similarity: 
Cellular strategies for assigning particular identities to actin filaments 
and networks: Actin filaments and networks identities. Open Biol. 
2020;10:200157.

37.	Verrills NM, Po’uha ST, Liu MLM, Liaw TYE, Larsen MR, Ivery MT, 
et al. Alterations in γ-actin and tubulin-targeted drug resistance in 
childhood leukemia. J Natl Cancer Inst. 2006;98:1363-1374.

https://jcs.biologists.org/content/122/16/2980
https://doi.org/10.3390/ijms21082746
https://dx.doi.org/10.1091%2Fmbc.E12-02-0162
https://doi.org/10.1134/s0006297919040035
https://doi.org/10.1016/j.blre.2006.09.001
https://dx.doi.org/10.1186%2Fs13221-014-0027-2
https://doi.org/10.1016/b978-0-12-397924-7.00017-0
https://doi.org/10.18632/oncotarget.12236
https://dx.doi.org/10.18632%2Foncotarget.3989
https://doi.org/10.1089/dna.1995.14.689
https://doi.org/10.1073/pnas.0900221106
https://doi.org/10.1074/mcp.m111.015099
https://doi.org/10.1098/rsob.200157
https://doi.org/10.1093/jnci/djj372



