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Unit 6

Cell-Surface Interactions – Protein-Cell interactions, cell 

adhesion mechanism, Injured tissue response



• Synthetic surfaces exposed to biological fluids adsorb 

proteins— how does this mediate the body’s ultimate 

response to a biomaterial? 



Protein-Cell Interactions 

• proteins (in solution or on a 

surface) bind with cell 

“receptors” 

⇒ physiological response 



Cell Signaling

Cells typically communicate using chemical signals. These chemical 

signals, which are proteins or other molecules produced by 

a sending cell, are often secreted from the cell and released into the 

extracellular space.

Not all cells can “hear” a particular chemical message. In order to 

detect a signal (that is, to be a target cell), a neighbor cell must have 

the right receptor for that signal. When a signaling molecule binds 

to its receptor, it alters the shape or activity of the receptor, 

triggering a change inside of the cell. Signaling molecules are often 

called ligands, a general term for molecules that bind specifically to 

other molecules (such as receptors).

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Paracrine Signaling

• Often, cells that are near one another communicate through the 
release of chemical messengers (ligands that can diffuse 
through the space between the cells). This type of signaling, in 
which cells communicate over relatively short distances, is 
known as paracrine signaling.

• Paracrine signaling allows cells to locally coordinate activities 
with their neighbors. Although they're used in many different 
tissues and contexts, paracrine signals are especially important 
during development, when they allow one group of cells to tell 
a neighboring group of cells what cellular identity to take on

• Example: Spinal cord development

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Autocrine Signaling

• In autocrine signaling, a cell signals to itself, releasing a 
ligand that binds to receptors on its own surface (or, depending 
on the type of signal, to receptors inside of the cell). This may 
seem like an odd thing for a cell to do, but autocrine signaling 
plays an important role in many processes.

• For instance, autocrine signaling is important during 
development, helping cells take on and reinforce their correct 
identities. In many cases, a signal may have both autocrine and 
paracrine effects, binding to the sending cell as well as other 
similar cells in the area.

• Foe example, autocrine signaling is important in cancer and is 
thought to play a key role in metastasis (the spread of cancer 
from its original site to other parts of the body).

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Cell Signaling

Image modified from "Signaling molecules and cellular receptors: Figure 1," by OpenStax College, Biology (CC BY 

3.0).

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Endocrine Signaling

• When cells need to transmit signals over long distances, they often use the 
circulatory system as a distribution network for the messages they send. In long-
distance endocrine signaling, signals are produced by specialized cells and 
released into the bloodstream, which carries them to target cells in distant parts of 
the body. Signals that are produced in one part of the body and travel through the 
circulation to reach far-away targets are known as hormones.

• In humans, endocrine glands that release hormones include the thyroid, the 
hypothalamus, and the pituitary, as well as the gonads (testes and ovaries) and the 
pancreas. Each endocrine gland releases one or more types of hormones, many of 
which are master regulators of development and physiology.

• For example, the pituitary releases growth hormone (GH), which promotes 
growth, particularly of the skeleton and cartilage. Like most hormones, GH 
affects many different types of cells throughout the body. However, cartilage cells 
provide one example of how GH functions: it binds to receptors on the surface of 
these cells and encourages them to divide.

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Endocrine Signaling

Image modified from "Signaling molecules and cellular receptors: Figure 2," by OpenStax College, Biology

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling



Cell Surface Receptors

• Cell-surface receptors are membrane-anchored proteins that 
bind to ligands on the outside surface of the cell. In this type of 
signaling, the ligand does not need to cross the plasma 
membrane. So, many different kinds of molecules (including 
large, hydrophilic or "water-loving" ones) may act as ligands.

• A typical cell-surface receptor has three different domains, or 
protein regions: a extracellular ("outside of cell") ligand-
binding domain, a hydrophobic domain extending through the 
membrane, and an intracellular ("inside of cell") domain, 
which often transmits a signal. The size and structure of these 
regions can vary a lot depending on the type of receptor, and 
the hydrophobic region may consist of multiple stretches of 
amino acids that criss-cross the membrane.

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/signal-perception



Cell Surface Receptors

• Cell surface receptors: membrane-
embedded proteins or glycoproteins 
that control signal transduction and 
cell adhesion (~100 types/cell!) 

• ligand-receptor binding mediates:

• Adhesion 

• Contraction 

• Motility 

• Secretion 

• Proliferation 



Cell Adhesion Mechanisms 

• Cells attach to other cells and to extracellular matrix (ECM) through 
adhesion receptors that bind specific peptide sequences of other proteins 



Integrin/Cadherins



Cell Adhesion Mechanisms 

Extracellular matrix houses adhesion proteins that bind to cell receptors 

• ECM functions: 

• anchor cells 

• control cell orientation 

• regulate cell growth 

• maintain cell differentiation 

• provide scaffolding for tissue renewal 

• ECM components: 

• fibrous proteins: collagen (strength), elastin (elasticity) 

• intrafibrillary matrix: proteoglycans (GAG-protein molecules) 

• adhesive glycoproteins: fibronectin, laminin, etc. 

• calcified in formation of bones, teeth 

• can be “remodeled”: broken down and regenerated 



Cell Adhesion Mechanisms 

• Adhesion proteins exhibit domains for binding cell integrins, other ECM 
molecules & plasma proteins 

• Adhesion proteins play a primary role in the body’s response to injury and 
introduction of foreign materials. 



Basic Tissue Cell Types and 

Functions



Basic Tissue Cell Types and 

Functions



Inflammatory Response

Injured tissue response: known as inflammatory response

goal: to destroy or inactivate foreign entity, initiate healing 

mechanism: signal “cascades” from plasma & cells 

Implantation of biomaterials activates two cooperative 

signaling cascades:

1) Coagulation Cascade—involves ~12 proteins

2) Complement Alternative Pathway—involves >20 

proteins 



Inflammatory Response

The host reaction follows the sequence



Coagulation Cascade

• In absence of injury or foreign materials, clotting is 

prevented by the endothelial cell lining of blood vessels 

which exhibit heparin sulfate proteoglycans on their 

surface 

• Heparin sulfate: -

• polysaccharide with SO3
− and COO− charges 

• provides electrosteric repulsion 

• binds anti-thrombin → deactivates thrombin 



Coagulation Cascade



Coagulation Cascade

INJURY ⇒ release of fluids, proteins & blood cells from vascularized 
connective tissues at site 

• Vasodilation ⇒ redness & swelling 

• Adsorption of plasma proteins (esp. fibrinogen) on foreign surfaces & 
injured tissues 



Coagulation Cascade

• Platelets (250M/cc, 0.3 vol%) bind to adsorbed plasma proteins 
(FGN, VN, FN) via αΙΙb/β3 (gpIIb/IIIa) receptors (~40,000/cell) and 
exposed collagen via α1/β1(gpIb) receptors (~15,000/cell) 

• Platelet binding triggers release of storage granule contents to 
extracellular environment (mediated by focal contacts) 



Coagulation Cascade

• Granule release increases receptor expression on surface 
and recruits other platelets to site 

• Chemotaxis: cell migration along a chemical gradient 



Coagulation Cascade

• Platelet aggregation via fibrinogen bridges, forms a “plug” that 
initially reduces blood flow 



Coagulation Cascade

• Complex cascade of enzymatic activity on platelet surface culminates 
with factor X conversion of plasma protein prothrombin (~100 
μg/ml) to thrombin 

• Thrombin cleaves fibrinogen to form insoluble fibrin which 
crosslinks around platelet plug to form the thrombus or clot 



Simplified Coagulation 

Cascade



Simplified Coagulation 

Cascade

Coagulation Cascade

The process by which blood clots are formed involves a complex set of reactions collectively 
called the coagulation cascade

• This cascade is stimulated by clotting factors released from damaged cells (extrinsic 
pathway) and platelets (intrinsic pathway)

The coagulation cascade involves many intermediary steps, however the principal events are as 
follows:

• Clotting factors cause platelets to become sticky and adhere to the damaged region to form a 
solid plug

• These factors also initiate localised vasoconstriction to reduce blood flow through the 
damaged region

• Additionally, clotting factors trigger the conversion of the inactive 
zymogen prothrombin into the activated enzyme thrombin

• Thrombin in turn catalyses the conversion of the soluble plasma protein fibrinogen into an 
insolube fibrous form called fibrin

• The fibrin strands form a mesh of fibres around the platelet plug and traps blood cells to 
form a temporary clot

• When the damaged region is completely repaired, an enzyme (plasmin) is activated to 
dissolve the clot



Coagulation Cascade



Coagulation Cascade
https://labtestsonline.org/tests/coagulation-cascade



Coagulation Cascade
https://labtestsonline.org/tests/coagulation-cascade



Platelet Adhesion to Polymers

PET - Polyethylene Terephthalate; PMEA - poly(2- methoxyethyl

methacrylate); PTMC - poly(trimethylene carbonate); PMB - poly(2-

methacryloyloxyethyl phosphorylcholine) (PMPC) + 70 mol % of butyl 

methacrylate

Fukushima et al., Biomacromolecules, 8, 2017 



Platelet Adhesion to Polymers

Figure 1. SEM images of adherent platelets on (a) PET, (b) PMEA, (c) PMB, (d) PMEMTC, (e) 

PTMC, and (f) PMEMA (bar scales are 10 μm). (g) Typical morphologies of each class of activated 

platelets (bar scales are 5 μm). (h) Number of adherent platelets on polymers normalized to the number 

of adherent platelets on PET (a.u., mean ± SD, n = 3).

Fukushima et al., Biomacromolecules, 8, 2017 



Platelet Adhesion to 

Polymers

• Human platelet adhesion on polymer substrates after 1 h 

incubation is shown in Figure 1. Activated platelets 

usually form pseudopodia that develop networks to 

capture red blood cells and leukocytes, resulting in clot 

formation. Many platelets adhered to PET and PTMC, 

and most of them were activated (Figure 1a and 1e), 

whereas a few round platelets were observed to adhere to 

PMEMTC (Figure 1d) and PMEA (Figure 1b), which is 

favorable for antithrombotic materials.

Fukushima et al., Biomacromolecules, 8, 2017 



Platelet Adhesion to 

Polymers

(a) Confocal laser-scanning microscope images of human umbilical vein endothelial cells on polymers 

at different time points of incubation (1 h and 1 day). Scale bars are 50 μm. (b) Number of HUVECs 

cultured for predetermined time periods on polymers. Data shown represents mean ± SD derived from 

three different specimens. *P < 0.05 and **P < 0.01 relative to PMEMTC for 1 h. † P < 0.05 and ††P < 

0.01 relative to PMEMTC for day 1. ‡‡P < 0.01 relative to PMEMTC for day 3.

Fukushima et al., Biomacromolecules, 8, 2017 


