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PATHOLOGY
REVIEW

Neuropathology for the Neuroradiologist:
Rosenthal Fibers

F.J. Wippold II
A. Perry

J. Lennerz

SUMMARY: Distinctive intracellular structures known as inclusions may be occasionally observed on
stained tissue preparations and may further suggest a specific diagnosis. Pathologists rely on these
findings much as radiologists rely on findings revealed in the gray-scale patterns of densities and
intensities on images. Appreciation of these inclusions can enhance the interactions of the neurora-
diologist with the neuropathologist and deepen understanding of certain conditions. This report
reviews the neuropathologically observed intracellular inclusions known as Rosenthal fibers in the
context of Alexander disease and slow-growing tumors such as pilocytic astrocytoma.

In 1898, the German pathologist Werner Rosenthal* noted
elongated inclusions within the gliotic edge of a syringeal

cavity of an ependymoma.3 Assigned to write the case report
by a senior mentor while serving as a “first assistant” at the
University of Erlangen, Rosenthal colorfully described these
inclusions as a “glossy formation of little bulbs or wavy sau-
sages with one thick and one pointed end.”3,4 Although the full
significance of this finding was not appreciated for almost a
century, his supposition that they were related to glial fibers
would prove surprisingly insightful.3 Not until some 20 years
later did Bielschowsky and Unger use the term “Rosenthal
fibers” when describing structures in the gliotic capsule of a
cystic teratoid tumor5; other articles reported the mysterious
inclusions in association with such diverse entities as capillary
hemangiomas of the spinal cord, cerebellar astrocytomas, and
reactive gliosis surrounding lesions of cysticercosis.6-9 In 1949,
W. Stewart Alexander described a curious form of mental re-
tardation, hydrocephalus, and progressive degeneration in
fibrillary astrocytes in an infant whose condition would later
bear Alexander’s name; subsequent pathologic analysis unex-
pectedly revealed an overwhelming abundance of the peculiar
Rosenthal fibers.10 The purpose of this report is to review the
nature and significance of Rosenthal fibers in the context of
glial fibers, Alexander disease, and such tumors as pilocytic
astrocytomas.

What Are Rosenthal Fibers?
Rosenthal fibers are beaded, elongated, or corkscrew-shaped
intracytoplasmic inclusions measuring approximately 10 – 40
�m in diameter by 100 �m in length and are identified occa-

sionally in astrocytes associated with intense fibrillary glio-
sis.6,11-13 On light microscopy, these acidophilic structures
stain bright red with eosin (Fig 1).6,12,14 With phosphotungstic
acid hematoxylin, a stain for glial processes, the fibers stain
intensely purple.14,15 On electron microscopy, Rosenthal fi-
bers are electron-attenuated, granular, or amorphous-appear-
ing structures that merge with glial filaments within the cyto-
plasmic processes of affected astrocytes.14,16,17 Rosenthal
fibers have been described in reactive tissue (such as the highly
gliotic tissue surrounding cysts and vascular malformations),
in neoplasms (such as juvenile pilocytic astrocytomas), and in
the genetic disorder Alexander disease (Table 1).14,18,19

Intermediate Filaments and GFAP
A deeper understanding of Rosenthal fibers is greatly facili-
tated by an appreciation of the cytoskeletal architecture of the
typical astrocyte. Throughout the body, eukaryotic cellular in-
tegrity depends upon 3 protein networks that include the actin
microfilaments (5–7 nm in diameter), the microtubules
(20 –25 nm in diameter), and the intermediate filaments
(8 –12 nm in diameter).20-22 The first 2 networks are largely
conserved in most cell types and species. The third network,
named “intermediate” because the size of the filaments is be-
tween the size of actin microfilaments and that of microtu-
bules, consists of protein subunits that are specific for a given
cell type.23 The typical protein subunit comprising the inter-
mediate filament consists of a head, rod (or body), and tail.
The rod is very similar among the various classes of interme-
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Fig 1. Photomicrograph from a pilocytic astrocytoma showing brightly staining red
Rosenthal fibers (arrowheads). (Hematoxylin-eosin [H&E]; original magnification, 1000�).
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diate filament proteins, but the head and tail contain consid-
erable diversity and code the uniqueness for the different
classes (Fig 2). The subunits polymerize to form the filaments.
Indeed, with the possible exception of vimentin, which may be
found in mesenchymal derivatives, epithelial cells, and devel-
oping astrocytes, the specificity of the intermediate filaments
is now widely viewed by most pathologists as taxonomic in the
context of techniques, such as immunohistochemistry, that
exploit antigenic properties of the subunits (Table 2).20,21

One of these intermediate filament types is glial fibrillary
acidic protein (GFAP), which is abundantly found within fi-
brous astrocytes but is notably scant in protoplasmic astro-
cytes and virtually absent in mature oligodendroglia.12,23-26

This location specificity has enabled GFAP to become a reli-
able marker for fibrous astrocytes.20 As a member of the cy-
toskeletal family of intermediate filaments and coded on chro-

mosome 17, GFAP is now believed to
modulate astrocyte motility and shape
and may also be involved in glial cell
adhesion, myelination, and cell signal-
ing.21,22,27 Thus, the brains of mice de-
void of GFAP seem to be more vulner-
able to mechanical sheer and stress
injuries.27,28

Information about the role of GFAP in neurologic dis-
ease has evolved over the past several decades. The demon-
stration of GFAP in tissue specimens taken at biopsy or
resection reliably points to a glial cell lineage.20,29 Patho-
logic processes rich in astrocytes and thus rich in GFAP
include such entities as chronic multiple sclerosis plaques
and a variety of tumors. Most investigators now believe that
the prevalence of GFAP in these processes is due to an up-
regulation of GFAP production in response to stress.27

Thus, GFAP may help to promote organized reparative gli-
osis after injury.28 Moreover, production of GFAP generally
depends on the degree of cellular differentiation; low-grade
astrocytomas are often much richer in GFAP than undifferen-
tiated tumors.30,31 The relationship of GFAP with Rosenthal
fibers is complex, and much of the understanding of these
inclusions has come from the study of the rare disorder Alex-
ander disease.

Alexander Disease, GFAP, and Rosenthal Fibers
Although the spectrum of mental retardation, macrocephaly,
and extensive demyelination would be unlikely to draw much
attention in such a rare disorder as Alexander disease (also
known as fibrinoid leukodystrophy), the pathologic finding of
extraordinarily massive deposits of Rosenthal fibers raised sig-
nificant questions. Especially puzzling was the association of
this ostensibly developmental disease with other seemingly
unrelated processes that also demonstrate Rosenthal fibers,
such as pilocytic astrocytoma and the lining of syrinx cavities.
Rosenthal fibers in Alexander disease reside in the astrocytes
located in the deep white matter, periventricular zones, spinal
cord, optic nerves, and brain stem, corresponding to areas of
hyperintensity on T2-weighted MR images (Fig 3).32 As the

Fig 2. Drawing of the various classes and structures of
intermediate filament proteins. The central rod is com-
posed of 4 �-helical sub-domains separated by nonhelical
linkers. The central rods are remarkably similar among the
classes, whereas the heads and tails demonstrate con-
siderable variability and partly contribute to tissue spec-
ificity. Most of the described mutations in Alexander
disease occur in the 1A and 2A subdomains of the rod.
Modified from ref. 22. With permission.

Table 1: Lesions demonstrating Rosenthal fibers

Category Examples
Reactive Parenchyma surrounding slowly growing, low-grade tumors Hemangioblastoma, craniopharyngioma

Parenchyma surrounding cysts Syringomyelia, pineal cyst
Parenchyma surrounding vascular malformations Arteriovenous malformations, cavernomas
Parenchyma surrounding chronic inflammation Multiple sclerosis

Neoplastic Pilocytic astrocytoma, ganglioglioma,
pleomorphic xanthoastrocytoma

Genetic/metabolic Alexander disease

Note:—This table has been modified from refs. 12 and 18. With permission.

Table 2: Types and distribution of intermediate filament proteins

Intermediate Filament
Protein Class Cell Type
Acidic cytokeratin I Epithelial cells

Neutral-basic cytokeratins II Epithelial cells

Vimentin III Mesenchymal cells
Glial fibrillary acidic protein III Astroglial cells
Desmin III Muscle cells
Synemin III Skeletal muscle cells
Peripherin III Neurons

Nestin IV CNS and muscle precursor cells
Neurofilaments IV Neurons
Internexin IV Neurons

Lamins V Ubiquitous

Filensin, phakinin Not classified Lens
Transitin Not classified Radial glial cells
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disease progresses, the fibers enlarge and eventually reside
within the astrocyte end-feet (the expanded endings of astro-
cyte processes that abut blood vessels) found in the subpial
and perivascular zones.25,33,34 Although early investigations
failed to conclusively determine the composition of the
Rosenthal fibers despite a compelling and intimate association
with adjacent GFAP-positive intermediate filaments,35 subse-
quent work showed that the Rosenthal fibers did indeed con-
tain GFAP (or possibly some form of it) as well as ubiquitin
and small heat shock proteins HSP27 and �B-crystal-
lin.24,27,33,36-38 Ubiquitin is a protein of 76 amino acids that
plays a regulatory role in nonlysosomal degradation of other
proteins.24,39,40 Rosenthal fibers may contain a hybrid of ubiq-
uitin and possibly partially degraded fragments of GFAP.37

Both ubiquitin and heat shock proteins are produced in re-
sponse to stress.

The presence of elevated GFAP levels and Rosenthal fi-
bers in Alexander disease remained perplexing until the dis-
covery of mutations in the gene encoding for GFAP, which
seemed to target the rod or tail domains of the protein.12,38

Now multiple GFAP mutations are known to manifest pheno-
typically as Alexander disease. Equally intriguing was the
mechanism for the observed disease; mice deficient in GFAP
had relatively few symptoms.33 Noting that filaments are ac-
tually increased in Alexander disease, investigators now gen-
erally agree that mutations cause overexpression rather
than underexpression of abnormal GFAP, which in turn
causes a fatal encephalopathy.25,38 This theory is supported
by observations that the overexpression of GFAP in trans-
genic mice causes a lethal encephalopathy and production
of astrocytic inclusions virtually identical to Rosenthal fi-
bers.25,41-43 The mutant GFAP may impair astrocyte func-
tion by blocking the normal polymerization and assembly
of the intermediate filaments.38 Impaired astrocyte func-
tion may also adversely affect adjacent cells such as the
oligodendroglia and cause abnormal myelination as well as
other malfunctions.41 The mutant GFAP may also abnor-
mally resist complete breakdown and clearance, resulting in
a toxic effect and possibly also accounting for the presence
of ubiquitin. The resultant fragments of abnormal residual
filaments may then be recognizable as Rosenthal fibers.

The association of Rosenthal fibers with certain tumors
and other conditions is more difficult to explain. Possibly
the upregulation of GFAP observed in especially well-dif-
ferentiated tumors may produce abnormal variants of the
protein that aggregates into Rosenthal fibers. Rosenthal fi-
bers are also known to occur in the walls of some cysts. The
irritation of the cyst protein possibly causes a stress reaction
in the astrocytes that in turn results in upregulation of
GFAP with possible assembly or degradation issues that
lead to abnormal variants of GFAP and production of
Rosenthal fibers. It is noteworthy that the presence of
Rosenthal fibers is not constant among tumor types known
to occasionally harbor the inclusions. On the other hand,
lesions known to produce large amounts of GFAP do not
necessarily also produce Rosenthal fibers.

Conclusion
In summary, Rosenthal fibers are intracellular inclusions
found in fibrous astrocytes and represent fragments of GFAP,

Fig 3. Alexander disease.

A, T2-weighted MR image demonstrates the marked hyperintensity in the cerebral white
matter of a small child. The white matter of the frontal lobes is often initially involved with
posterior progression as the disease advances. Cystic changes may also eventually
develop. As in this case, the caudate heads, anterior putamina, and thalami are often
involved, a hypointense periventricular rim on T2-weighted images frequently occurs
(arrowheads), and the cavum septi pellucidi may be expanded (case courtesy of A. James
Barkovich).

B, Photomicrograph from a different patient showing extensive brightly staining red
Rosenthal fibers in a predominantly subpial distribution (Hematoxylin-eosin [H&E]; original
magnification, 100�).

C, Photomicrograph from a different patient showing extensive brightly staining red
Rosenthal fibers in a perivascular distribution (H&E; original magnification, 1000�).
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the protein building block of glial intermediate filaments, and
other proteins such as ubiquitin and heat shock proteins.
Rosenthal fibers are observed in Alexander disease and certain
tumors such as pilocytic astrocytoma. Although the precise
event inciting the formation of these inclusions is unknown,
Rosenthal fibers may represent the by-product of upregula-
tion of GFAP in response to stress. In Alexander disease, this
upregulation is now known to be linked to genetic mutations
in GFAP. Regardless of the cause, the overproduction and ac-
cumulation of GFAP and mutant by-products with possibly
ineffective degradation and clearing of abnormal protein del-
eteriously affects astrocyte function.
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8. Landau M. Über Rückbildungsvorgänge in Gliomen. Frankf Z Pathol 1911;7:
351–72

9. Opalski A. Studien zur allgemeinen Histopathologie der Ventrikelwände.
Z Neurol Psychiat 1934;150:42–74

10. Alexander WS. Progressive fibrinoid degeneration of fibrillary astrocytes as-
sociated with mental retardation in a hydrocephalic patient. Brain 1949;72:
373– 81

11. Seilhean D, DeGirolami U, Gray F. Basic pathology of the central nervous
system. In: Gray F, DeGirolami U, Poirer J, eds. Escourolle and Poirer manual of
basic neuropathology. Philadelphia: Butterworth Heinemann; 2004:1–20

12. Fuller GN, Goodman JC. Cells of the nervous system and specialized regional
organs: normal, aged, and pathological. In: Practical review of neuropathology.
Philadelphia: Lippincott Williams & Wilkins; 2001:7–73

13. Burger PC, Scheithauer BW. Tumors of neuroglia and choroid plexus epithe-
lium. In: Atlas of tumor pathology: tumors of the central nervous system. Wash-
ington DC: Armed Forces Institute of Pathology; 1994:25–159

14. Poirer J, Gray F, Escourolle R. Basic pathology of the central nervous system.
In: Manual of basic neuropathology. Philadelphia: WB Saunders; 1990:1–16

15. Khobayashi S, Mori H, Ikeuchi S, Takakura K. Immunohistochemical study on
rosenthal fibers in gliomas using anti-GFAP and anti-ubiquitin antibodies.
No Tu Shinkei 1990;42:59 – 64

16. Herndon RM, Rubinstein LJ, Freeman JM. Light and electron microscopic
observations on Rosenthal fibers in Alexander’s disease and in multiple scle-
rosis. J Neuropathol Exp Neurol 1970;29:524 –51

17. Liberski PP, Kordek R. Ultrastructural pathology of glial brain tumors
revisited: a review. Ultrastruct Pathol 1997;21:1–31

18. Fuller G. Time to revise the textbooks: the Rosenthal fibers of Alexander dis-
ease are associated with mutations in GFAP. Adv Anat Pathol 2001;8:357–58

19. McLendon RE, Enterline DS, Tien RD, et al. Tumors of central neuroepithelial
origin. In: Bigner DD, McLendon RE, Bruner JM, eds. Russell and Rubinstein’s
pathology of tumors of the nervous system, 6th ed. London: Arnold; 1998:307–571

20. Bonnin JM, Rubinstein LJ. Immunohistochemistry of central nervous system
tumors. J Neurosurg 1984;60:1121–33

21. Gomes FCA, Paulin D, Moura Neto V. Glial fibrillary acidic protein (GFAP):
modulation by growth factors and its implication in astrocyte differentiation.
Braz J Med Biol Res 1999;32:619 –31

22. Rutka JT, Murakami M, Dirks PB, et al. Role of glial filaments in cells and
tumors of glial origin: a review. J Neurosurg 1997;87:420 –30

23. Dahl D, Bignami A. Intermediate filaments in nervous tissue. Cell Muscle Motil
1985;6:75–96

24. Tomokane N, Iwaki T, Tateishi J, et al. Rosenthal fibers share epitopes with
alpha B-crystallin, glial fibrillary acidic protein, and ubiquitin, but not
vimentin: immunoelectron microscopy with colloidal gold. Am J Pathol 1991;
138:875– 85

25. Messing A, Goldman JE, Johnson AB, et al. Alexander disease: new insights
from genetics. J Neuropathol Exp Med 2001;60:563–73

26. Eng LF. Glial fibrillary acidic protein (GFAP): the major protein of glial inter-
mediate filaments in differentiated astrocytes. J Neuroimmunol 1985;8:203–14

27. Eng LF, Ghirnikar RS, Lee Y. Glial fibrillary acidic protein: GFAP-thirty-one
years (1969 –2000). Neurochem Res 2000;25:1439 –51

28. Pekny M, Pekna M. Astrocyte intermediate filaments in CNS pathologies and
regeneration. J Pathol 2004;204:428 –37

29. Eng LF, Rubinstein LJ. Contribution of immunohistochemistry to diag-
nostic problems of human cerebral tumors. J Histochem Cytochem 1978;26:
513–22

30. Smith DA, Lantos PL. Immunocytochemistry of cerebellar astrocytomas: with
a special note on Rosenthal fibers. Acta Neuropathol 1985;66:155–59

31. van der Meulen JDM, Houthoff HJ, Ebels EJ. Glial fibrillary acidic protein in
human gliomas. Neuropathol Appl Neurobiol 1978;4:177–90

32. van der Knaap MS, Naidu S, Breiter SN, et al. Alexander disease: diagnosis with
MR imaging. AJNR Am J Neuroradiol 2001;22:541–52

33. Hsiao VC, Tian R, Long H, et al. Alexander-disease mutation of GFAP causes
filament disorganization and decreased solubility of GFAP. J Cell Sci 2005;118:
2057– 65

34. Okazaki H. General methodology and pathologic cellular reactions. In: Fun-
damentals of neuropathology: morphologic basis of neurologic disorders. New York:
Igaku-Shoin; 1989:1–26

35. Janzer RC, Friede RL. Do Rosenthal fibers contain glial fibrillary acid protein?
Acta Neuropathol (Berlin) 1981;55:75–76

36. Bettica A, Johnson AB. Ultrastructural immunogold labeling of glial filaments
in osmicated and unosmicated epoxy-embedded tissue. J Histochem Cytochem
1990;38:103– 09

37. Goldman JE. Isolation of a major protein component of Rosenthal fibers. Am J
Pathol 1988;130:569 –78

38. Li R, Messing A, Goldman JE, et al. GFAP mutations in Alexander disease. Int
J Dev Neurosci 2002;20:259 – 68

39. Murayama S, Bouldin TW, Suzuki K. Immunocytochemical and ultrastruc-
tural studies of eosinophilic granular bodies in astrocytic tumors. Acta Neu-
ropathol 1992;83:408 –14

40. Lowe J, Blanchard A, Morrell K, et al. Ubiquitin is a common factor in
intermediate filament inclusion bodies of diverse type in man, including
those of Parkinson’s disease, Pick’s disease, and Alzheimer’s disease, as
well as Rosenthal fibers in cerebellar astrocytomas, cytoplasmic bodies in
muscle, and Mallory bodies in alcoholic liver disease. J Pathol 1988;155:
9 –15

41. Hagemann TL, Gaeta SA, Smith MA, et al. Gene expression analysis in mice
with elevated glial fibrillary acidic protein and Rosenthal fibers reveals a
stress response followed by glial activation and neuronal dysfunction. Hum
Mol Genet 2005;14:2443–58

42. Johnson AB. Alexander disease: a review and the gene. Int J Dev Neurosci 2002;
29:391–94

43. Messing A, Head MW, Galles K, et al. Fatal encephalopathy with astrocyte
inclusions in GFAP transgenic mice. Am J Pathol 1998;152:391–98

AJNR Am J Neuroradiol 27:958 – 61 � May 2006 � www.ajnr.org 961


