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The extracellular matrix and its chemistry and 

physicochemotactic components along with the 

cytoskeleton involve in such processes. The active roles 

of microfibers and other components of cytoskeleton are 

well established, and are very obvious during embryonic 

movements and development. The underlying 

mechanism involved topography during contact 

adherence is an elaborate process which regulates 

topographic functionalities (Weiss, 1945, Lahir, 2016). 

The alignment with proteins like collagen and fibronectin 

with the biological substrate fibrils is an important 

aspect. Possibly, fabricating method of topography can 

change the physicochemical aspects of surfaces involved 

and this may reflect on the mode of cellular interaction. 

One may coat the materials participating in cellular 

movements with titanium to change the chemistry or 

blankets etch the substratum prior to patterning of 

topography (Brunette et al., 1983, Curtis and Wilkinson, 

1998, Hamilton et al., 2008). The neutrophils are one of 

the free moving blood cells and exhibit cellular 

spreading and phagocytosis. Both these processes depend 

on the available surface and in all probability; the 

wrinkled surface topography provides the extra area.  

SOME OF THE FACTROS RELATED TO 

TOPORAPHY OF CELL 

The physicochemical aspects of cell membrane are some 

of the prime factors affecting the topography of a cell 

membrane and plays significant role in the maintenance 

of physicochemotactic nature of cell surface. Cell 

membrane and cell surface, both are the 

mechanobiologial units of a biological cell. The 

mechanics of plasma membrane and membrane tension, 

both regulate the cellular activities and its behavior. 

Thus, cell membrane acts as a physicochemical set-

up/system that exhibits various mechanical capabilities. 

These in turn, basically maintain specific surface 

mechanical control and polarity of a cell which helps to 

establish cellular activities like cellular retraction, 

adhesion, and maintenance of specific cellular identity 

(Sitarska and Diz-Munoz. 2020). 

  

The common and basic conceptual components of cell 

membrane are lipid bilayers and trans-membrane specific 

proteins and sugars along with components of 

cytoskeleton like actinomycin or cortical cell skeleton. 

There are non-specific proteins like Ezrin, Radixin, 
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CELL AND ITS OVERALL FUNCTIONALITY 

Cells are mostly fixed and well-set to constitute an organ among multicellular biosystems. Red blood cells, 

leukocytes, lymphocytes, and fibroblast, are free to move from one location to other to meet emergencies, like, 

transportation, microbial invasion, immune interactions, eliminating toxic and unwanted metabolites. These cells 

exhibit cellular topography that facilitates such functions. The cellular topography plays structural and functional 

roles during fertilization, development (embryonic and growth), cell migration, intercellular signaling, repairing of 

wounds, metastasis, invasive movements of cancer along with aligned fine layers of collagen (Walter and Israel, 

1987, Curtis and Clark, 1990, Harrison 2011, Lahir, 2021). The cell membrane has been the target of investigation 

from the beginning of cytological studies. It is one of the most functional complex cell components and needs 

more consideration. The morphological folded appearance and other topographic features of cell membrane are 

mostly ignored but are of functional significant (Ingela and Onfelt, 2013). Cell membrane is non-elastic in their 

lateral plane, but it exhibits ability to stretch without any rupture. The membrane is able to form endocytic 

vesicles, blebs, protrusions, and ruffles, accommodate the changes in shape during migration, spreading, cell 

proliferation, formation of filopodia, pseudopodia, lamellipodium, and formation of immunological synapses 

involving B- or T-cells and NK-cells. There are frequent movements of cell surface receptors, signaling 

molecules, vesicles, curvature induced lipid rafts (Nichol and Hutter, 1996, Boucrot and Kirchhausen, 2007, 

Gauthier et al., 2009, Lahir and Chitre, 2021, Lahir et al., 2021).     
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Moesin-(members of Myol family), are also structural 

and functional components of a cell membrane. The 

composition of members of Myol family) changes in 

different cell types, even the degree of spectrin net-work 

and intermediate filaments also fluctuates in different 

types of cells. There are three interactomes in a given 

cell membrane: (i)-Cell surface interactomes regulate the 

mechanism related to the cell membrane, and 

cytoskeleton interactions, (ii)-MCA-proteins (the mucin-

like-carcinoma associated antigens, having molecular 

weight ranging within 350 to 500Kd) are present in 

serum. These can be detected readily using the ‘Cobas 

core MCA-EIA test’. These proteins influence the 

mechanism of cell surface and bind with actin. This 

binding affects the degree of ‘surface-viscous-drag’. 

Transmembrane proteins, directly or indirectly, interact 

with under-lying cytoskeleton involving MCA linkers. 

This interaction affects the diffusion process via plasma 

membrane, (iii)-The Bin/Amphiphysin/Rvs domain 

protein (BAR) regulates the dynamic remodelling of 

plasma membrane and actin cytoskeleton. The degree of 

sensing or generating curvature involving auxiliary 

domains likes SH3 (SRC homology 3 domain consists of 

about 60 amino-acids residue, PX (a phosphoinositide 

bound structural domain that targets proteins of cell 

membrane), PH (a protein domain made of 

approximately 120 amino-acid residue, is found as a 

wide range of proteins which is used in intracellular 

signalling or acts as component of cytoskeleton), Rho-

GEF (a domain with two distinct structural domains that 

have guanine nucleotide exchange factor and it regulates 

small GTPases in Rho family), and Rho-GAP (is an 

evolutionary conserved protein domain related to 

GTPase that enhances proteins concerning 

Rho/Rac/Cdc42- like small GTPase). Human proteins 

containing such domain relates with the remodelling of 

plasma membrane (Fig. no. 1) (Carman and Dominiquez, 

2018; Sitarska and Diz-Munoz. 2020).  

 

 
 

The cell membrane, in case of mammalian cells, is not 

very smooth and flat. Mostly, it exhibits irregular 

corrugated appearance. It appears that cells have more 

area than the required. In all probabilities, the extra cell 

membrane helps shape modification, cell migration, and 

signaling transduction. The common techniques, like, 

atomic force microscopy, scanning ion conductance 

microscopy, fluorescence polarization microscopy and 

linear dichroism elaborate more on the topography and 

folds on membrane. The mechanism involved in 

phenomena like instance colocalization, membrane 

organization and molecular clustering are still to be 

understood because these play significant role during 

cellular functions (Ingela and Onfelt, 2013).  

 

The wrinkled surface topography of the cells may or may 

not impact the cellular behavior either during chemical 

expansion of cell membrane or cellular swelling during 

osmotic conditions. There is no or least cell spreading or 

shrinkage and even during phagocytosis in such cells 

under osmotic changes. The probable parameter 

responsible seems to be the initiating uncaging of 

inositol trisphosphate, (a phosphate signalling molecule) 

that triggers Ca
++

 signalling resulting in formation of 

tubular blebs but not readily cell spreading. The induced 

osmotic shrinkage due to phagocytic Ca
++

 signalling 

restricts phagocytosis at its cup stage. When neutrophils 

reach isotonic state then the process of phagocytosis gets 

accomplished. Thus, the wrinkled topography of 

neutrophils (osmotically hyperwrinkled topography) 

plays functional role in providing the needed space 
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during the cell spreading and phagocytosis.  The 

uncaging of inositol trisphosphate plays an effective role 

in causing hyperwrinkled topographic state in 

neutrophils (Hemelaar et al., 2017).  

 

Integrated functioning of musculoskeletal cells involves 

ambient physiological environment and varied external 

stimuli. The musculoskeletal tissue and primarily 

mechanosensitive functional aspect as far as locomotion 

concerns relates with the external physical cues 

(zeitgebers). This tissue senses cues like, stiffness of 

extracellular matrix, topographic and geometrical 

changes and convert them into intramuscular signalling 

cascades which induces numbers of successive cellular 

responses. The cell acknowledges these signalling 

cascades in the form of specific behavior during 

adhesion, maintenance of cellular phenotypes, 

reconstruction of cytoskeleton, and differentiating among 

stem cells. This cellular behavioural aspect and interface 

of cell matrix are of high significance in the field of 

tissue engineering and regenerative medicine (Bai et al., 

2020).  

 

The prognostic score studies concerning cancer cells are 

helpful. It is useful to adopt immunotec panel. The least 

absolute shrinkage and selection operator, LASSO-Cox 

regressor, can identify at least 13 types of immunocytes. 

The techniques like ‘time dependent receiver operator 

(ROC) curve’ and ‘Kaplan-Meier survival estimation’, 

and ‘signature based immune marker’, like, CD8 mRNA 

expression and CD8+expressing T-cells, are useful in 

such studies. The novel prognostic immune score based 

technique is also helpful to predict overall survival rate 

during colorectal cancer related investigations   (Tang et 

al., 2021).  

 

Blood platelets are the products of megakaryotes and are 

very active in the blood stream. These blood components 

exhibit changes in the distribution of the respective 

biomolecules. The allocation of biomolecules like 

thrombospondin, fibrinogen and glycoproteins IIb-IIIa 

and glycoprotein Ib is not same during the activation and 

resting phases of the platelets. The immunoelectron 

microscopy shows different allocation of 

thrombospondin and fibrinogen. Such alterations in the 

membrane due to the different distribution of such 

biomolecules may affect the functional topography of 

these blood structures (Asch et al., 1985)       

 

The functioning of biochemical signals relates with 

chemistry, geometry, topography and physicochemical 

features of biomaterials, more so during specific ligand-

receptor binding processes. Such interactions control the 

cell-matrix interactivity. The designing and the 

topography of nanoscale materials play significant role at 

cell-biomaterial interface. Consequently, the interactions 

between biological and nanomaterial interface influence 

the cellular topography, signaling process and cellular 

behavior (Di-Cio and Gautrot, 2016).  

 

SOME COMMON PATHOLOGICAL 

CONDITIONS AND IMAPCTS OF 

NANOMATERIALS ON CELLULAR 

TOPOGRAPHY 

Pituitary adenoma cells show blebs, wrinkles, microvilli, 

on their surface. The small uniform granules spread 

along the cell membrane; in case of normal cells these 

granules are much larger (Ilona et al., 2005).  The surface 

of tumor cells, breast cancer cells is highly roughened. 

The proteins of cytoskeleton are more, probably adding 

to the roughness of cell membrane and affecting its 

topography. There is a disturbed gene expression for the 

skeletal proteins (Kaul-Ghanekar et al., 2009). The 

defense system of body responses to the injury and 

disease and involves cellular inflammation. The 

inflammatory cells are effective components of immune 

system and help in destruction of an agent that causes 

injury or disease. These cells also invite other 

inflammatory cells to participate and to remember the 

disease; this facilitates their response to the future 

infection. Specifically, those cells which present 

antibody like macrophages and dendritic cells participate 

in the immune response. This is also true in case of 

synthetic materials used in the implantation devices, drug 

delivery systems. Such interactions influence the 

processes of healing and inflammation. There are 

possible fluctuations in the biochemical, biophysical 

aspects and topography of the cells membrane when 

come in contact. These modifications critically involve 

in the pre, pro, and anti-inflammatory immune responses 

(Rustam et al., 2015).  

 

The interactions between cells and the interacting 

substrate, (physical or biological) relate with the physical 

forces and cause changes in the structure of cell 

membrane, this involves topography also (Curtis and 

Wilkinson, 1998), and the mechanism involved needs 

through understanding. The multiple uses of 

nanomaterials in medical and biomedical sciences are the 

prime sources of their entry in biosystems and also large 

numbers of biomolecules are within the nanoscale which 

affects the cell membrane. Thus, biological cells have to 

interact with such nanoscaled materials (Curtis et al., 

2001). Overall, nanomaterials because of the specific 

mechanisms affect cellular functions like proliferation, 

differentiation, signaling pathways, cell membrane and 

cytoskeleton (Abdal et al., 2018). TiO2 nanoparticles 

impact functions of cell membrane and cytoskeleton 

(Hou et al., 2013). Barium-titanate nanoparticles affect 

proliferation of cells (2013). Glyco-chitosan coated 

barium titanate nanoparticles affect organization of 

cytoskeleton (Ciofani et al., 2013). TNT-TiO2 

nanoparticles influence cell surface area (Liu et al., 

2015). These are some of the aspects that influence 

topography of cell membrane.  

 

Thus, the reports reflect on the changed cellular 

topography due to pathological conditions and 

nanomaterials in a biosystem and existence of lacuna in 

understanding the mechanisms involved. There appears a 
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wide scope for further study related to cellular 

topography under various pathological conditions, in 

relation to nanodevices, pharmaceutics, and drug 

delivery. Such studies will better the insight of the 

processes like tissue regeneration, tissue engineering, 

senescence, and remedial techniques in the medical and 

biomedical engineering.     
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