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Schwann Cells

Primary Disciplinary Field(s): Neuroscience, Cell Biology, Histology

1. Core Definition and Function

Schwann cells, alternatively identified as neurilemma cells or neurolemmocytes, represent the

principal type of glial cell found within the Peripheral Nervous System (PNS). These cells are

indispensable for the structural integrity and functional efficacy of peripheral nerves, serving a role

analogous to that of oligodendrocytes in the Central Nervous System (CNS), though differing

significantly in their mechanism of operation and cellular morphology. Their fundamental function is

the creation and maintenance of the myelin sheath, a critical lipid-rich insulating layer that

surrounds and protects the axons of many motor and sensory neurons, thereby facilitating rapid

electrical signal transmission.

The distinction between the two major classes of Schwann cells--myelinating and nonmyelinating--

dictates the specific function they perform within the nerve fascicle. Myelinating Schwann cells

engage in a complex wrapping process around large-diameter axons, forming the thick, multi-

layered myelin necessary for saltatory conduction. Conversely, nonmyelinating Schwann cells,

which are significantly more numerous, enclose multiple smaller-diameter unmyelinated axons in

structures known as Remak bundles, providing essential trophic and structural support rather than

rapid insulation. This dual functionality ensures that all peripheral nerve fibers, regardless of size or

signaling speed requirements, receive the necessary cellular support for long-term survival and

effective signal transduction away from the spinal cord or brain.

Beyond simple insulation, Schwann cells are crucial mediators of the peripheral nerve

environment, maintaining the strict homeostasis required for neural signaling. They participate

actively in regulating the extracellular matrix, controlling the flow of substances across the nerve-

blood barrier, and secreting various neurotrophic factors, such as Nerve Growth Factor (NGF) and

Brain-Derived Neurotrophic Factor (BDNF). These factors are vital not only for the survival and

differentiation of developing neurons but also for the maintenance and repair of mature nerve

fibers, underscoring the Schwann cell's role as a multifaceted support unit rather than a passive

insulator.

2. Etymology and Discovery

The identification and subsequent naming of Schwann cells trace back to the pioneering work of

19th-century German physiologist, Theodor Schwann (1810-1882). Theodor Schwann is highly

regarded in the history of biology, primarily known for his fundamental contribution to the unified

cell theory, establishing that all living organisms are composed of cells and cell products. His

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Peripheral_nervous_system
https://en.wikipedia.org/wiki/Myelin_sheath
https://en.wikipedia.org/wiki/Theodor_Schwann
https://scales.arabpsychology.com/?p=34878
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Schwann Cells 3

PSYCHOLOGICAL SCALES scales.arabpsychology.com

detailed histological observations of animal tissues led him to specifically identify the cellular

components responsible for the structure of peripheral nerves, which he described as the

protective layer surrounding the nerve fibers.

Schwann's careful examination revealed that the axons of the peripheral nervous system were not

merely naked projections but were intimately associated with distinct, nucleated cells. This

discovery was pivotal because it provided the first clear understanding of the cellular organization

of the peripheral nerve trunk, challenging earlier monolithic views of neural tissue. The recognition

that these specific cells were responsible for the structural sheath surrounding the nerve fibers

necessitated their naming, permanently linking the cell type to its discoverer in the scientific

nomenclature. This naming convention, established in the mid-19th century, solidifies the

importance of his work in foundational neuroscience and histology.

The legacy of Theodor Schwann extends far beyond this cellular identification, as his work

established the cellular basis for understanding neuroanatomical structures, which was essential

for the later development of modern neurophysiology. The characterization of these cells paved the

way for future investigations into the physical mechanism of electrical signaling, regeneration

capabilities of the PNS, and the pathogenesis of various neuropathies, marking a significant

transition from macroscopic anatomy to microscopic cellular biology in the study of the nervous

system.

3. Classification: Myelinating Schwann Cells

Myelinating Schwann cells are specialized glial cells responsible for insulating the larger, rapidly

conducting axons of the PNS. A key characteristic that distinguishes them from CNS

oligodendrocytes is their commitment: a single myelinating Schwann cell is dedicated to forming

and maintaining the myelin sheath around only one segment of a single axon. This contrasts

sharply with oligodendrocytes, which typically myelinate segments of multiple different axons

simultaneously. The process of myelination involves the Schwann cell cytoplasm wrapping tightly

and repeatedly around the axon, resulting in a thick, concentric layer of compacted membrane.

The resulting myelin sheath is primarily composed of lipids (up to 70-80%) and specific proteins,

such as Protein Zero (P0), which is unique to PNS myelin and essential for membrane

compaction and adhesion. The multiple layers of membrane compaction exclude the cytoplasm,

creating the dense structure that acts as an electrical insulator. However, the wrapping is not

continuous; small, unmyelinated gaps called Nodes of Ranvier exist between adjacent Schwann

cells. These nodes are critical, as they concentrate voltage-gated ion channels, allowing the

electrical signal (action potential) to "jump" from one node to the next. This mechanism, known as

saltatory conduction, dramatically increases the speed of signal transmission, making rapid motor

and sensory responses possible.
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Furthermore, while the myelin sheath appears homogenous, minute channels of Schwann cell

cytoplasm traverse the compacted layers, known as Schmidt-Lanterman Incisures. These

incisures are thought to represent pathways for the transfer of nutrients, metabolites, and

organelles from the cell body to the innermost myelin layers, which are farthest from the nucleus.

This constant communication and maintenance system is vital for the long-term integrity of the

myelin structure, as damage to this lipid-protein structure rapidly leads to functional impairment of

the axon segment it protects, highlighting the active metabolic role of the myelinating cell.

4. Classification: Nonmyelinating Schwann Cells

Nonmyelinating Schwann cells, sometimes referred to based on their function as Remak cells,

constitute the second and most abundant population of Schwann cells in the PNS. Unlike their

myelinating counterparts, they do not produce the thick, multi-layered insulating sheath required for

saltatory conduction. Instead, their function is organizational, protective, and trophic, focusing on

the small-diameter, unmyelinated axons (such as C-fibers, which often transmit slow pain and

temperature information).

The characteristic structure formed by these cells is the Remak Bundle. Within a single Remak

bundle, one nonmyelinating Schwann cell can simultaneously envelop and compartmentalize

dozens of small-diameter axons. Each axon or small cluster of axons is individually protected by a

deep invagination of the Schwann cell membrane, ensuring physical separation and insulation from

the surrounding extracellular environment without the tight, compacted wrapping seen in

myelinated fibers. While this structure does not enable rapid signal jumping, it provides essential

physical support and electrical shielding necessary for the function of these slower-conducting

fibers.

Their primary physiological role revolves around providing continuous trophic support and

maintaining the optimal microenvironment for the bundled axons. Nonmyelinating Schwann cells

are highly metabolically active and responsible for clearing cellular debris, regulating the

endoneurial fluid composition, and releasing vital neurotrophins. This protective and nourishing

function is crucial for the long-term survival of the unmyelinated axons, especially given that many

of these fibers serve autonomic and chronic pain functions where sustained, reliable signaling is

necessary, even if it is slow compared to motor commands.

5. Role in Peripheral Nervous System (PNS) Maintenance

The maintenance role of Schwann cells extends beyond simple physical enclosure and trophic

factor secretion; they are active participants in immunological surveillance and environmental

regulation within the nerve trunk. They effectively form the critical interface between the axons and

the external environment, playing a part in the complex architecture that defines the blood-nerve
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barrier. This barrier, analogous to the blood-brain barrier in the CNS, tightly controls the

movement of molecules and immune cells into the nerve fascicle, protecting the delicate axonal

machinery from fluctuations in systemic chemistry and potential toxins or pathogens.

In healthy nerves, Schwann cells work in conjunction with the perineurium to establish this

selective permeability. They regulate the composition of the endoneurial fluid, ensuring appropriate

ionic concentrations necessary for resting membrane potentials and action potential generation.

Furthermore, the constant turnover of myelin components and the clearing of small amounts of

cellular waste are managed by Schwann cells, demonstrating their function as the primary

housekeeping unit of the peripheral nervous system. This continuous maintenance ensures that

the nerve fibers can sustain their high metabolic demands over the organism's lifespan.

The intimate physical association between the Schwann cell membrane and the axon surface

involves complex molecular signaling. Adhesion molecules and signaling pathways maintain the

stability of the myelin or Remak structure and mediate communication regarding axonal health. If

an axon is stressed or damaged, the Schwann cell receives immediate signaling input, triggering

appropriate protective or reparative responses, thereby demonstrating their role as sensors and

responders to neural distress within the PNS environment.

6. Involvement in Nerve Regeneration and Disease

Perhaps the most extraordinary function of Schwann cells is their pivotal role in facilitating PNS

regeneration following injury, a capability largely absent in the CNS. When a peripheral nerve

axon is severed or crushed, the distal segment undergoes a process called Wallerian

degeneration, where the axon and its associated myelin rapidly break down. In response,

Schwann cells undergo a remarkable process of de-differentiation and proliferation, temporarily

losing their mature myelinating phenotype.

These activated Schwann cells then align themselves to form organized tubular structures known

as the Büngner bands (or Schwann cell tubes). These tubes act as crucial guiding pathways,

physically directing the regenerating axonal sprouts from the proximal nerve stump back toward

their original targets. The Schwann cells within the bands also intensely secrete growth factors and

adhesion molecules, creating a neurotrophic environment that supports axonal elongation. The

success of peripheral nerve repair is directly correlated with the functional efficiency and

organizational capacity of these Schwann cell-derived bands.

However, Schwann cells are also central targets in various neuropathic diseases. If Schwann cells

are chronically damaged or genetically compromised, demyelination occurs, leading to profound

functional deficits. In diseases such as Charcot-Marie-Tooth (CMT) disease, which is a group of

inherited neuropathies, mutations often affect the genes encoding myelin proteins (like PMP22 or

P0). These genetic defects lead to unstable or inadequate myelin formation, causing progressive

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Charcot%E2%80%93Marie%E2%80%93Tooth_disease
https://scales.arabpsychology.com/?p=34878
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Schwann Cells 6

PSYCHOLOGICAL SCALES scales.arabpsychology.com

muscle weakness and sensory loss due to chronic demyelination and subsequent axonal

dysfunction.

7. Clinical Significance and Related Pathologies

The clinical significance of Schwann cells is highlighted by the severity of acquired demyelinating

conditions that specifically attack them. The most notable example is Guillain-Barré Syndrome

(GBS), an acute autoimmune neuropathy often triggered by infection. In GBS, the immune system

mistakenly targets components of the Schwann cell membrane or the myelin itself (e.g., in Acute

Inflammatory Demyelinating Polyneuropathy, or AIDP), leading to rapid, widespread demyelination

of peripheral nerves. This disruption of the myelin sheath halts saltatory conduction, resulting in

swift motor weakness, paralysis, and sensory deficits.

Beyond autoimmune disorders, Schwann cell-derived tumors are a significant area of clinical

study. Schwannomas, also known as neurilemmomas, are typically benign tumors that originate

from the proliferation of Schwann cells within the nerve sheath. While generally slow-growing, their

location, particularly the vestibular schwannoma (acoustic neuroma) which arises on the eighth

cranial nerve, can cause severe symptoms such including hearing loss and balance issues due to

pressure on adjacent neural structures. The biological study of Schwannoma progression provides

insights into the regulatory pathways governing Schwann cell proliferation and differentiation.

Furthermore, Schwann cells are now central to emerging strategies in regenerative medicine.

Because of their inherent ability to support and guide axonal regrowth, researchers are actively

investigating the transplantation of cultured Schwann cells into injured nerve sites or even into

CNS injury areas (spinal cord) to promote recovery. While challenges related to integration and

immune rejection remain, the unique neurotrophic and guiding properties of Schwann cells position

them as a leading candidate for cellular therapies aimed at repairing significant neural damage and

addressing chronic degenerative neuropathies.
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