
J Cell Immunol. 2026
Volume 8, Issue 1

Journal of Cellular Immunology Commentary

25

J Cell Immunol. 2026;8(1):25–29.

TGFα as a Damage-Limiting Signal Preserving Tissue Integrity

Julia Zissler1, Lena Lößlein2, Friederike Zunke3, Veit Rothhammer1,4,*

1Department of Neurology, University Hospital Erlangen, Friedrich-Alexander University Erlangen Nuremberg, Erlangen, 
Germany
2Center for Biotechnology, Khalifa University of Science and Technology, Abu Dhabi, United Arab Emirates
3Department of Molecular Neurology, University Hospital Erlangen, Friedrich-Alexander University Erlangen Nuremberg, Erlangen, 
Germany
4Deutsches Zentrum Immuntherapie, University Hospital Erlangen, Friedrich-Alexander University Erlangen Nuremberg, Erlangen, 
Germany
*Correspondence should be addressed to Veit Rothhammer, veit.rothhammer@uk-erlangen.de

Received date: February 23, 2026, Accepted date:  April 07, 2026

Citation: Zissler J, Lößlein L, Zunke F, Rothhammer V. TGFα as a Damage-limiting Signal Preserving Tissue Integrity. J Cell 
Immunol. 2026;8(1):25–29.

Copyright: © 2026 Zissler J, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited.

Main Text

Inflammatory processes are essential for tissue integrity in 
living systems as they ward off intruders such as parasites, 
microbes and viruses [1], rendering them protective 
safeguards to control external threats. However, inflammation 
many times is accompanied by collateral tissue damage, and 
is thus followed by tightly orchestrated phases of recovery 
[1]. Indeed, these mechanisms are not only operational in 
peripheral tissue, but also occur within the central nervous 
system (CNS). Indeed, proper function of brain and spinal 
cord is of utmost importance to an organism, as they control 
and regulate all vital organs to concert proper function 
of the entire system. Strict regulation of inflammation 
is therefore particularly important here, as damage is 
especially destructive [2]. Disruption of the delicate balance 
of targeted inflammatory destruction and tissue recovery 
can lead to chronic or unregulated immune inflammatory 
cascades. Importantly, this balance is challenged especially 
in neuroinflammatory and degenerative diseases of the CNS, 
such as Alzheimer’s disease (AD), Parkinson’s disease (PD) 
and Multiple Sclerosis (MS) [2]. These pathological conditions 
are characterized by chronic inflammation and dysregulated 
recovery mechanisms, leading to long-term tissue damage and 
functional loss [3]. Key players of inflammatory tissue damage 
include CNS-infiltrating T cells, neutrophils and macrophages. 
However, recent research has revealed that CNS resident cells 
including astrocytes, microglia, and oligodendrocytes are 
involved crucially in the regulation of these cascades [2]. 

Microglia are the CNS resident macrophage population, 
accounting for up to 10% of the total cell population of the 
CNS [4]. Despite their comparatively small proportion, they are 
characterized by pronounced morphological and functional 
heterogeneity, which is strongly influenced by their local 
microenvironment [5]. For a long time, activated microglia 
were primarily considered to be drivers of neuronal damage 
particularly during chronic inflammatory neurodegenerative 
processes [4,6]. However, it has become evident in recent 
years that microglia play a central role in maintaining neuronal 
function in the healthy CNS [7]: microglia are in close contact 
with neurons, monitor the local microenvironment with their 
processes actively and react to even minor changes in the 
extracellular environment by several mechanisms [8]. Studies 
in animal models show that a lack of functional microglia 
leads to increased neuronal damage after toxic or ischemic 
insults, underscoring their necessity for neuroprotective 
functions [9,10]. In addition to their monitoring functions, 
microglia share numerous properties with other mononuclear 
phagocytes, including cytokine secretion and limited antigen 
presentation [4,11]. Moreover, microglia are heavily involved 
in shaping neuronal synaptic plasticity, neurotransmitter 
recycling, and removal of synapses and debris, thus influencing 
complex processes such as behavior and learning [12,13].

Depending on tissue-intrinsic and -extrinsic cues, microglia 
exert both pro- and anti-inflammatory, as well as tissue-
destructive or regenerative effects: they produce a variety of 
soluble factors, are involved in the removal of dead cells and 
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contribute to the protection of neurons [7,14]. In parallel, 
microglia actively restrain excessive and tissue-damaging 
immune responses, for instance by promoting the expression 
of inflammation-resolving factors such as Interleukin (IL)-
10 or Transforming Growth Factor β (TGFβ) or by inducing 
apoptosis of infiltrating T cells [4,15,16]. This functional 
versatility highlights the importance of microglia for CNS 
homeostasis and health. However, pathological conditions 
such as MS, PD or AD, are characterized by microglial 
activation and microglia-mediated or -enhanced tissue 
damage. Indeed, their inflammatory activation leads to an 
increase in proliferation, but also enhanced ability of antigen 
presentation and secretion of pro-inflammatory mediators, 
such as Tumor necrosis factor α (TNFα), IL1β or reactive 
oxygen species, ultimately shaping pro-inflammatory and 
tissue-destructive microenvironment [17,18]. Even though 
this inflammatory response is central to fight pathogenic 
stimuli, overlapping mechanisms in primarily autoimmune 
inflammatory or degenerative diseases contribute to their 
perpetuation and induction of chronic tissue damage. In MS, 

chronic smoldering inflammation leads to demyelination and 
axonal damage, accompanied by the loss of oligodendrocytes 
and their precursors, which severely impairs endogenous 
remyelination and promotes the development of irreversible 
neurological deficits [19]. In PD, α-synuclein associated 
neuroinflammation predominantly affects dopaminergic 
neurons of the substantia nigra, contributing to their 
progressive loss and circuit-specific dysfunctions [20], while in 
AD the accumulation of amyloid-β plaques and tau tangles is 
associated with synaptic dysfunction and loss of glutamatergic 
neurons [21]. Despite their specific initiating factors and 
subsequent clinical manifestations, these diseases are 
unified by a chronically activated proinflammatory microglial 
response, leading to comparable outcomes including 
neuronal and glial cell death, axonal degeneration, synaptic 
loss, demyelination and function-hampering remodeling of 
the surrounding matrix [19–24]. Thus, inflammation-driven 
tissue damage represents a disease-overarching pathological 
factor operational in neuroinflammatory and -degenerative 
disorders.

Figure 1. Graphical summary of TGFα mediated tissue protection during neuroinflammation. Neuroinflammatory diseases such as 
Multiple Sclerosis, Parkinson’s and Alzheimer’s disease are characterized by chronic inflammation in the central nervous system, leading 
to severe tissue damage. The production and release of the protective factor TGFα by microglia is proposed to contribute to limiting 
this inflammation-associated tissue damage. TGFα may act via EGFR signaling on neighboring cells to support tissue integrity and cell 
survival, thereby illustrating a potential CNS-intrinsic protective mechanism during neuroinflammation. SN: Substantia Nigra; Color code: 
Microglia (blue), neurons (pink), astrocytes (orange), oligodendrocytes (green). Created in BioRender. Ramphal, N. (2026) https://BioRender.
com/931bzuy.
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In this light, mechanisms that limit inflammatory responses, 
opposing pro-inflammatory degenerative cues and 
contributing to the restoration of tissue homeostasis are 
increasingly coming into focus. Indeed, anti-inflammatory 
and tissue-regenerative mediators represent a crucial 
regulatory mechanism. We and others have described several 
mechanisms of tissue preservation and recovery during 
autoimmune and degenerative CNS disorders [25–27], 
among those transforming growth factor-α (TGFα), which is 
considered an important modulator of glial activation states, 
as its actions are capable of limiting tissue damage in the CNS 
(Figure 1). 

TGFα is a member of the epidermal growth factor family and 
is synthesized as a transmembrane precursor, which is then 
secreted after cleavage by proteolytic shedding [28]. TGFα 
primarily signals through the epidermal growth factor receptor 
(EGFR) and activates MAPK/ERK, PI3K-Akt, PLCy/PKC and 
STAT signaling, thereby regulating various cellular programs 
including proliferation, survival, differentiation, migration and 
apoptosis [29–31]. This factor is particularly interesting as it 
has a context-dependent duality. In the peripheral system, 
TGFα is associated with pathological processes such as fibrosis 
or tumors [32,33]. However, in the CNS TGFα acts as a damage-
modulating and protective signal rather than a classic growth 
factor. Here, TGFα is expressed by multiple cell types including 
neurons and glial cells [34,35]. Nevertheless, a recent study by 
Lößlein et al. [36] demonstrated that microglia represent the 
primary producers, an observation also supported by others 
[37]. 

It has been shown previously that TGFα is upregulated 
after CNS injuries, such as stroke or spinal cord trauma, and 
displays neuroprotective functions and regenerative activities 
[38,39]. These features raise the possibility that TGFα-EGFR 
signaling functions not only as a classical immunosuppressive 
pathway but as a tissue-intrinsic modulator that constrains 
inflammatory and potentially degenerative tissue damage. 
This concept is supported by the work of Lößlein et al., which 
provides evidence that TGFα provokes such damage-limiting 
signals. 

The same study reveals the intriguing finding that TGFα 
exhibits precise temporal dynamics. Baseline levels are 
very low, but TGFα is upregulated during the peak phase 
of experimental autoimmune encephalomyelitis (EAE), the 
mouse model for MS [40], and subsequently normalizes again 
during recovery. This pattern suggests that the induction of 
TGFα coincides with a critical transition phase during which 
inflammatory responses trigger control mechanisms to protect 
the CNS from perceived danger and induce tissue-preserving 
and regenerative mechanisms. Parallel to TGFα expression, 
there is also dynamic EGFR upregulation in multiple cell types. 
This coordinated regulation of ligand and receptor suggests 

that TGFα-EGFR signaling is an endogenous CNS tissue-wide 
regulatory program for inflammation resolution rather than 
a cell type specific signaling pathway only. For instance, 
the resolution of inflammation is particularly relevant in MS 
lesions, which cause severe damage to CNS tissue. Previous 
work has already shown that elevated TGFα is essential 
for MS lesion resolution [37]. Consistent with this, Lößlein 
et al. demonstrate that microglial TGFα knockout leads to 
persistent inflammation, demyelination, axonal damage and 
neuronal death, establishing TGFα as a tissue-protective and 
regenerative factor. 

A key conceptual advance of this work lies in demonstrating 
that TGFα exerts pleiotropic effects across multiple CNS and 
immune cell populations. Specifically, TGFα dampens the 
expression of pro-inflammatory mediators such as TNFα, 
IL1β and NOS2 in astrocytes, macrophages, dendritic cells 
and oligodendrocytes, while simultaneously promoting 
a protective astrocytic program characterized by the 
upregulations of leukemia inhibitory factor (LIF), another 
potent tissue-protective factor. Moreover, neurons also 
directly benefit from TGFα signaling, exhibiting enhanced 
survival and increased resistance to inflammatory and toxic 
insults. Rather than acting through a single effector pathway, 
TGFα coordinates a multicellular response that converges on 
a common outcome: the limitation of inflammatory tissue 
damage. Given the cellular complexity of the inflamed CNS, 
this pleiotropy constitutes a functional advantage for effective 
damage control.

In addition to these mechanistic observations, the work 
of Lößlein et al. also provides a therapeutic approach for 
neuroinflammatory diseases. The majority of currently 
available therapies, particularly in the field of MS, primarily 
target the modulation of peripheral immune activation or the 
migration of immune cells over the blood brain barrier (BBB). 
Even though these strategies are highly effective in reducing 
acute inflammatory events, they neither sufficiently address 
CNS-intrinsic mechanisms that determine the local tissue 
response induced by inflammatory cues, nor influence the 
balance between inflammatory tissue degeneration, chronic 
immune cell activation and irreversible tissue damage. The 
discovery that TGFα is a microglial signal that effectively limits 
inflammatory tissue damage therefore opens the possibility 
of novel therapeutic approaches: the targeted enhancement 
of the body’s own protective mechanisms within the inflamed 
CNS. For this, the study addressed one of the key translational 
barriers, which is limited BBB permeability of peripherally 
applied substances into the CNS. In a mouse model, intranasal 
administration of TGFα not only reduced the number of CNS 
infiltrating immune cells, but also decreased inflammatory 
tissue damage in both presymptomatic and symptomatic 
stages of EAE. This strategy provides compelling proof-of-
concept for modulating inflammatory pathways in the CNS. 
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The versatile properties of TGFα highlight the potential future 
avenue of carefully evaluating dose control, safety and long-
term effects in translational contexts; as such, application of 
TGFα during limited time windows, e. g. during inflammatory 
relapses, may limit, among others, the potential harms of a 
proliferation inducing and tissue-remodeling agent. Despite 
these open challenges, these observations underscore TGFα 
as a systemic modulator of the inflammatory cascade and the 
associated damage. Finally, human data from Lößlein et al. 
contribute to the conceptual framework. The reduction of TGFα 
in the cerebrospinal fluid of MS patients and the associated 
clinical disability level (EDSS) suggest that insufficient 
TGFα-EGFR signaling is associated with increased tissue 
damage. However, the apparent conflict between elevated 
TGFα expression in inflamed CNS tissue [37] and reduced 
levels detected in the CSF points to a complex, maybe even 
compartment-specific regulation of this pathway. Such spatial 
separation could be particularly relevant for understanding 
how local deficits of TGFα or EGFR lead to tissue damage. 
Indeed, reduced EGFR signaling and related symptoms have 
already been observed in neurodegenerative diseases such 
as AD and PD [41], strengthening the notion that impaired 
EGFR signaling may represent a common feature across 
neuroinflammatory conditions. 

The TGFα-EGFR signaling cascade may thus provide cross-
disease protective function in CNS. The recurring association 
of reduced EGFR signaling with neurodegenerative and 
neuroinflammatory diseases suggest that TGFα may hold 
therapeutic potential not only for MS, but also for other CNS 
pathologies. Yet, it remains an unresolved issue to what extent 
TGFα mediated effects interact with other immunomodulatory 
signaling pathways or influence specific immune cell 
subpopulations involved in disease resolution, while the 
combination of immunomodulatory and tissue-protective 
effects continues to highlight TGFα as a promising candidate 
for innovative therapeutic strategies across diseases. 

Together, the study by Lößlein et al., opens up a conceptual 
perspective for systematically investigating TGFα-based 
interventions. Addressing the open questions in future 
preclinical and clinical studies will be essential to fully 
define the therapeutic window of TGFα based strategies 
and to determine their broader applicability across 
neuroinflammatory and neurodegenerative disease contexts. 
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