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ABSTRACT
This book offers a comprehensive overview of Alexander disease, a rare and devastating neurologi-
cal disorder that often affects the white matter of the brain and spinal cord. 

Its distinctive neuropathology consists of abundant Rosenthal fibers within astrocytes (one 
of the four major cell types of the central nervous system). Nearly all cases are caused by variants in 
the gene encoding the intermediate filament protein GFAP, but how these changes in GFAP lead 
to the widespread manifestations of disease is poorly understood.

Astrocytes, while discovered over a century ago, are themselves still much of a mystery. They 
exhibit considerable diversity, defy precise definition, and yet actively regulate many aspects of ner-
vous system functioning. 

We also have incomplete understanding of Rosenthal fibers, odd structures that contain GFAP 
as just one of many components. Whether they are toxic or protective is unknown. Moreover, Rosen-
thal fibers are not absolutely unique to Alexander disease, and are seen sporadically in a wide variety of 
other conditions, including brain tumors and multiple sclerosis. 

GFAP is the third unknown. It is an ancient protein, arising early in the evolution of verte-
brates, but its role in normal biology is still a matter of debate. Yet Alexander disease shows, with-
out a doubt, that changing just a single of its 432 amino acids can lead to catastrophe, not just in the  
astrocytes where GFAP is produced but also in the other cells with which astrocytes interact. 

Despite all of the unknowns, much has been learned in the past 20 years, and it is time to 
share this knowledge. This book is intended for recently diagnosed patients and families, as well 
as non-specialist researchers interested in this neurological disease. It covers historical origins, the 
state of current knowledge, and prospects for what lies ahead, with citations to the primary literature 
given throughout. 
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Most individuals or families, when first confronted with the possibility that they or a family 
member might have Alexander disease, are at a complete loss for reliable information. They  
(and often their physicians) have never heard of the condition before. The proliferation of du-
bious sources on the internet has only created multiple opportunities for confusion. Added to 
this is the reality that people are faced with the difficulty of digesting an entirely new vocabu-
lary that carries potentially frightening forecasts about their future. 

The purpose of this book is to offer a relatively comprehensive overview of Alexander  
disease, written for a general audience, that covers historical origins, the state of current knowl-
edge, and the prospects for what lies ahead. Throughout, citations to the primary literature are 
given for those interested in reading these original sources. Because treatments represent an 
obvious area of interest, a description of  both past attempts and current research on this topic is 
included. For instance, several experimental treatments have been reported (or are under devel-
opment) that try to address underlying mechanisms of disease. However, one area not covered 
is that of “symptomatic” treatment—that is, how doctors deal with specific problems (such as  
seizures, or vomiting, etc.) using conventional therapies (including G-tubes for nutrition, an-
ticonvulsants, for seizures or other types of  interventions). Symptomatic treatment strategies, by  
definition, are specific to the symptoms and not the disease, and so are not unique in how they 
are utilized for Alexander patients.

Introduction

ix
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1.1 THE FIRST CASE AND EARLy HISTORy

In October of 1947, a 15-month-old boy arrived at London Hospital in the U.K. with an  
8-month history of macrocephaly (enlarged head) that was progressively getting worse, and a 
failure to reach developmental milestones (such as sitting up) that was noticed beginning at  
8 months of age. He had become increasingly irritable during the most recent month, with 
vomiting and one seizure (the latter problems perhaps due to hydrocephalus and increased  
intracranial pressure). Almost immediately he developed a fever, then suffered a series of set-
backs, and died three weeks later from an obstruction to blood flow in his lungs. An autopsy 
was performed, and the brain was preserved in fixative to await further study. 

Soon thereafter, on the advice of Dorothy Russell (the head of neuropathology at Lon-
don Hospital and one of the leading neuropathologists of her generation), a young neuropa-
thology fellow named W. Stewart Alexander (Figure 1) was assigned to investigate the pathology  
in this child’s brain. Alexander was a New Zealand physician who received his medical degree 
in 1942 from the Otago Medical School. After initial training in pathology and neuropathol-
ogy, first in New Zealand and then in Toronto, he received a grant from the Rockefeller Foun-
dation which allowed him to spend 1948 and 1949 in London to study with Russell. 

Alexander’s description of this case, reported in the September 1949 issue of the journal 
Brain, was remarkable in several respects (Alexander, 1949). It provided a thorough description, 
using light microscopic techniques, of the dramatic changes present in the brain. Particularly 
notable were the irregular “bodies” noted inside the cellular processes of the astrocytes, espe-
cially prominent in the white matter and around blood vessels, in both the brain and the spinal 
cord. While Alexander himself did not refer to these peculiar structures by a specific name, 
subsequent neuropathologists recognized them as Rosenthal fibers. Given the later classifi-
cation of this disease as a leukodystrophy, it is interesting that abnormalities of myelin were 
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relatively mild. This report set a standard for a detailed 
and accurate description of the disease that would later 
bear Alexander’s name. 

By the late 1950’s, four additional reports had ap-
peared in the medical literature describing patients with 
early onset of neurological symptoms and the same dis-
tinctive features after neuropathological examination 
(i.e., abundant and widespread “deposits,” along with 
varying degrees of change in the white matter) (Ste-
venson and Vogel, 1952; Crome, 1953; Wohlwill et al., 
1959; Vogel and Hallervorden, 1962). Vogel (1962) identi-
fied the characteristic “deposits” as Rosenthal fibers. Be-
ginning with the initial report by Alexander, the titles 
of these papers employed a creative array of descriptive 
but cumbersome terminology: fibrinoid degeneration of 
astrocytes (Alexander, 1949), megalencephaly with hya-
line pan-neuropathy (Crome, 1953), dysmyelinogenic 
leukodystrophy with megalobarencephaly (Wohlwill et 
al., 1959). In 1964, Reinhard Friede from the University 
of Michigan reported the sixth case, and proposed that 
these patients all really had the same underlying disease 
(Friede, 1964)––he also recommended naming the con-
dition after its discoverer, Alexander.

Many web sites continue to list the older terminology as synonyms for Alexander disease, 
but these terms have not been used for many decades and their only utility now is for reading 
of the early literature. 

1.2 WHAT ARE ROSENTHAL FIBERS?

As noted above, the distinctive feature of Alexander disease is the presence of Rosenthal fibers 
in the cell body region (i.e., right around the nucleus) and processes of astrocytes. These abnor-
mal structures are named after Werner Rosenthal (Figure 2), the German neuropathologist who 
first described them in the late 19th century (at the age of 28!) in a patient with a malformation  

FIGURE 1: W. Stewart Alexander 
(1919–2013). Photograph courtesy of 
the Wellington Hospital (New Zealand) 
Senior Medical Staff Archive: https://
www.ccdhb.org.nz/about-us/history/well 
ington-hospital-smo-archive. Used with 
permission.

https://www.ccdhb.org.nz/about-us/history/wellington-hospital-smo-archive
https://www.ccdhb.org.nz/about-us/history/wellington-hospital-smo-archive
https://www.ccdhb.org.nz/about-us/history/wellington-hospital-smo-archive
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of the spinal cord (Rosenthal, 1898). They are readily recognizable to experienced neuropathol-
ogists based on their appearance and affinity for certain types of histological stains in conven-
tional tissue sections viewed by light microscopy. When viewed at even higher magnification, 
by electron microscopy, they contain a core that is very dark and irregular, embedded in a matrix 
of normal-appearing intermediate filaments (Figure 3). 

The composition of Rosenthal fibers is complex, consisting of a mixture of many differ-
ent proteins, including both intermediate filaments (such as GFAP) as well as several other 
proteins that normally associate with the filaments. A brief listing of these components is shown 
below in Table 1 (presented alphabetically, and not in order of abundance).

FIGURE 2 (Left panel): Photograph of  Werner Rosenthal (1870–1942). Image in the public domain.
FIGURE 3 (Right panel): Rosenthal fibers as seen by (A) light microscopy (bright red globular structures 
surrounding a vein [v]), and (B) electron microscopy (arrows). Figure reprinted from (Messing et al., 2012), 
used with permission.
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Michael Brenner’s laboratory at the University of Alabama-Birmingham recently tried 
to develop a comprehensive catalogue of proteins contained within Rosenthal fibers. This ef-
fort led to the identification of several new components, particularly cyclin D2 (Heaven et al.,  
2016). These experiments were complicated by the difficulty in isolating pure Rosenthal fibers 
free of any other cellular contaminants. Moreover, while Rosenthal fibers are the defining fea-
ture of Alexander disease, it is important to note that we have little idea regarding their func-
tional significance (see chapter 4 on Mechanisms of   Disease). 

Additionally, it should be noted that Rosenthal fibers are not unique to Alexander disease,  
and indeed are seen sporadically in a wide variety of conditions such as certain types of brain 

TABLE 1: List of Rosenthal fiber proteins/components

PROTEIN TyPE REFERENCE

αB-crystallin Heat shock protein, stress response, 
regulates intermediate filament 

assembly

(Iwaki et al., 1989)

c-Jun Transcription factor (Tang et al., 2006)

cyclin D2 Controlling cell division (Heaven et al., 2016)

GFAP Intermediate filament ( Johnson and Bettica, 1989)

Hsp27 Heat shock protein, stress response (Perng et al., 2006)

p62 May regulate degradation and other 
parts of the stress response

(Zatloukal et al., 2002)

plectin Regulates intermediate  
filament assembly

(Tian et al., 2006)

Proteasome 20S Protein degradation pathway (Tang et al., 2010)

synemin Intermediate filament (Pekny et al., 2014)

ubiquitin Protein degradation pathway (Lowe et al., 1988)

vimentin Intermediate filament (Heaven et al., 2016)
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tumors (pilocytic astrocytomas), multiple sclerosis, and several neurodegenerative diseases 
(Wippold et al., 2006). The common feature in all of these settings may simply be the reac-
tive response of astrocytes, otherwise known as “gliosis,” that accompanies nearly every type 
of injury or disease in the central nervous system. One of the cardinal features of gliosis is the  
increased production of GFAP within astrocytes, and one hypothesis to explain the formation 
of Rosenthal fibers is that a toxic threshold exists above which the cell cannot handle the excess 
protein, and then aggregates follow (Messing et al., 2012a). 

1.3 WHAT ARE ASTROCyTES?

Astrocytes are one of the four major cell types of the cen-
tral nervous system (i.e., brain and spinal cord) of vertebrate 
animals. They exist alongside neurons, oligodendrocytes 
(which form myelin), and microglia (which are similar but 
not identical to macrophages). Astrocytes were first defined  
by classical histologists of the late 19th and early 20th cen-
turies based on their affinity for certain stains and distinc-
tive cell shapes, with “star-like” extensions (also called “pro-
cesses”) often radiating out from a centrally-located cell body  
(where the nucleus resides), and hence the origin of their 
name (used first by Mihály Lenhossék, a Hungarian anato-
mist, in 1895). Early anatomists attributed simple structural 
functions to astrocytes, regarding them as inert glue-like 
scaffolds that held the tissue together. 

The last twenty years has witnessed an explosion of 
new knowledge, however, and astrocytes are now regarded 
as dynamic cells that actively regulate many aspects of nervous system functioning. Even their 
structural features are much more complex than originally imagined, with a single astrocyte 
likely making contact with thousands or even millions of the synaptic contacts that neurons 
have with one another for communication (Oberheim et al., 2009). During 2016 alone over  
3100 publications appeared about astrocytes, and thorough reviews regularly appear in the lit-
erature (Vasile et al., 2017). Human astrocytes are much larger than those in rodents, with more  

FIGURE 4: Early drawing of differ-
ent types of astrocytes in the human 
brain. Image reprinted from (Cajal 
1909). Image in the public domain.
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complicated shapes, which may contribute to the marked increase in cognitive capacity seen in 
higher primates compared to other animal species (Figure 5).

There is ongoing debate about how best to define an astrocyte, and increasingly we rec-
ognize that astrocytes are not a single population of cells but rather exhibit considerable diver-
sity, the consequences of which are not yet clear (Ben Haim and Rowitch, 2017). Most but not  
all astrocytes contain GFAP1 the protein that, when altered by changes in its gene, causes Al-
exander disease. A short listing of astrocyte functions is shown in Table 2, with just a few key 
publications offered as references. We can certainly expect periodic additions to this table as new 
properties are discovered for these versatile cells. 

From very early in the history of neuroscience, astrocytes were understood to change 
dramatically in response to injury or disease. This response is generally referred to by the terms 

1 The gene is also called GFAP, which is italicized when referring to the human form.

*
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FIGURE 5: Human astrocytes are larger and have more highly branched processes than mouse astro-
cytes. A) mouse; B) human. Figure reprinted from (Oberheim et al., 2009), with permission of the Society 
of  Neuroscience.
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“gliosis” or “astrogliosis,” or sometimes simply by “reactive astrocytes.” For a long period of time 
these reactive astrocytes were viewed as detrimental to recovery, creating a glial scar (analogous 
to fibrous scars in skin or other parts of the body) that formed a mechanical barrier and acted 
as an obstacle to recovery. However, there is now considerable evidence that the astrocyte re-
sponse combines both beneficial and harmful aspects, involves complex interactions with other 

TABLE 2: Short list of astrocyte functions, during development and in normal adults.

DEVELOPMENT

Promotes synapse formation (Christopherson et al., 2005)

Act as stem cells (Steindler and Laywell, 2003)
(Doetsch et al., 1999)

Promotes myelination (Camargo et al., 2017)
(Ishibashi et al., 2006)

Induces formation of  blood-brain barrier (Abbott, 2002)

NORMAL ADULT

Controls feeding (Chen et al., 2016)
(Garcia-Cáceres et al., 2016)

Controls respiratory rhythm (Gourine et al., 2010)

Metabolic support for neurons (Suzuki et al., 2011)

Maintain synaptic number (Chung et al., 2013)

Regulates glutamate levels (Coulter and Eid, 2012)

Regulates potassium levels (Wang et al., 2012)

Modulates sleep (Haydon, 2017)

Controls blood flow (MacVicar and Newman, 2015)
(McConnell et al., 2017)

Modulates synaptic function (Araque et al., 1999)
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cells such as microglia, and likely varies from condition to condition (Sofroniew and Vinters, 
2010; Anderson et al., 2016; Liddelow and Barres, 2017). These questions are now receiving 
intense interest among the research community. The nature of reactive astrocytes will have an 
important bearing on our understanding of the underlying mechanisms at work in Alexander 
disease, discussed in more detail in Chapter 4 (Mechanisms of Disease).

1.4 CLINICAL SPECTRUM OF ALExANDER  
DISEASE CIRCA 2001

The clinical manifestations of Alexander disease are quite diverse, reflecting the variability in 
what specific parts of the brain and spinal cord are most affected. Although the first six cases 
reported in the literature were all children (as described above), the identification of Rosenthal 
fibers as the key diagnostic feature quickly led to the realization that patients existed with much 
later onset of symptoms, even as adults. In 1968, Seil et al. reported a patient whose first obvi-
ous symptom was temporary paralysis in one arm, at the age of 32. He experienced progressive 
deterioration over a period of 15 years, with problems involving vision, ability to walk, and pain,  
and finally died at the age of 47. In 1976, Russo et al. proposed a classification system that is  
still frequently used today, based strictly on the age of onset, and grouped the patients who 
had been published up until then as “infantile” (0–2 years), “juvenile” (7–14 years), and “adult”  
(>19 years) (Russo et al., 1976). More recently, Springer (2000) proposed a “neonatal” form 
(onset within the first month, and rapidly progressive), although whether this is really funda-
mentally different than the infantile form is not clear.

In general, problems associated with infantile onset include seizures, developmental de-
lays for both motor and cognitive milestones, spasticity, difficulty in feeding or vomiting, or 
generally “failure to thrive.” Often these children have an enlarged head (macrocephaly), which 
may reflect an enlarged brain (megalencephaly) but also possibly dilation of the ventricular 
system (hydrocephalus). Some problems may be secondary to raised intracranial pressure, the 
underlying causes of which are not entirely clear but are sometimes attributed to obstruction of 
the ventricular system. 

Problems associated with juvenile onset again include problems with swallowing (dyspha-
gia), speech (dysarthria), vomiting, and spasticity. In addition, these patients often have changes 
in the quality of their voice (dysphonia), such as hoarseness, and difficulties with walking and 
coordination (ataxia), as well as curvature of the spine (kyphosis when forward, scoliosis when 
sideways, and kyphoscoliosis when combined). The problems with swallowing and vomiting are 
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sometimes so severe that these children have been unfortunately misdiagnosed with anorexia 
nervosa or had their symptoms attributed to other psychiatric causes (Goebel et al., 1981; Fran-
zoni et al., 2006; Sreedharan et al., 2007; Niinikoski et al., 2009; Van Poppel et al., 2009). As 
one physician confided:

“I remember my first Alexander patient from the pre-genetic days. She had been treated er-
roneously for anorexia mentalis, and her psychologists did not realize that instead she had 
neurologic swallowing difficulties. I will never forget that poor girl and her gratefulness for 
making a somatic diagnosis and stopping psychological maltreatment.”

Adult-onset patients, in addition to many of the problems described above, report symp-
toms related to dysfunction of their autonomic nervous system, which controls many aspects 
of our lives that are not under voluntary control (hence the name of this part of the nervous 
system). These problems include difficulty controlling blood pressure, body temperature (both  
high and low), constipation, as well as urinary retention and leakage. In general, macrocephaly 
is rarely seen in adult-onset Alexander disease (by this time the skull has hardened and cannot 
easily expand), and seizures are much less common than in early onset patients (see Table 3). 
In contrast, palatal myoclonus was reported in one-third of adult-onset patients (Balbi et al., 
2010), but has not been reported in early onset. In general, the symptoms experienced by adult-
onset patients are non-specific and easily confused with those caused by other much more com-
mon neurological disorders, such as multiple sclerosis and Parkinson’s disease.

TABLE 3: Prevalence of certain types of symptoms in infantile vs.  
adult-onset patients––results from two studies

(Brenner et al., 2009) (Balbi et al., 2010)

infantile adult adult

Total in group 79 12 56

Macrocephaly 52 0 1

Seizures 60 0 9

Palatal myoclonus no data no data 19
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The evolving understanding of Alexander disease and experience with many more pa-
tients has now led to newer classification systems, with important implications for lifespan. 
These are described in more detail below, in Chapter 3, section 3.1. 

1.5 MRI CRITERIA FOR DIAGNOSIS

In 2001, Marjo van der Knaap (Figure 6) (University Hospital, 
Amsterdam) and James Powers (University of  Rochester) reported 
a landmark study of three patients who had autopsy-proven di-
agnoses (two in the infantile category, and one in the juvenile), 
comparing the radiological findings with the neuropathology, and 
proposed a set of  five MRI (magnetic resonance imaging) criteria 
that could be considered diagnostic for Alexander disease (van der 
Knaap et al., 2001). Quoting from the abstract of their publication, 
these include:

“extensive cerebral white matter changes with frontal predom-
inance”
“periventricular rim with high signal on T1-weighted images 
and low signal on T2-weighted images”
“abnormalities of basal ganglia and thalami”
“brain stem abnormalities”
“contrast enhancement of particular gray and white matter structures”

If any four of these five criteria were found in an individual this would be considered di-
agnostic for Alexander disease. Note that these criteria were defined prior to the discovery of  
GFAP as the causative gene, and the emergence of DNA analysis as a diagnostic tool. In current 
practice the MRI findings provide a preliminary diagnosis, which is then confirmed by genetic 
testing (see below for more information about genetics). 

Since the description of these “classic” features, a number of other types of MRI abnor-
malities have been reported for Alexander disease. Especially prominent in adult-onset forms  
of the disease are atrophy (i.e., shrinkage) of the medulla (part of the brain stem) and cervical  
spinal cord (in the neck region) (van der Knaap et al., 2006; Pareyson et al., 2008). Another 
unusual feature, termed “ventricular garlands,” was reported in four patients with juvenile onset  
(van der Knaap et al., 2006), but this has yet to be reported for more patients. In some cases,  

1.

2.

3.
4.
5.

FIGURE 6: Marjo van der 
Knaap, 2005.
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the MRI abnormalities are very restricted and “focal” (Probst et al., 2003), which has occa-
sionally led to confusion with tumors as alternative diagnoses, such as brain stem and optic 
chiasm gliomas (Duckett et al., 1992; Mignot et al., 2009; Van Poppel et al., 2009; Tava-
soli et al., 2017). Some patients have even been subjected to tumor-related therapies, such  
as radiation and chemotherapy, before the diagnosis of Alexander disease was reached (Li et al.,  
2005). Specific guidelines for when GFAP testing should be performed in patients with so-called  
“atypical” or non-classical MRI patterns have not yet been developed (van der Knaap et al., 2005;  
van der Knaap et al., 2006; Farina et al., 2008). 

Examples of MRI’s that show the frontal white matter deficits that are common in Type I  
patients, or the shrinkage of the brain stem and spinal cord or focal abnormalities in the brain 
stem common in Type II patients (using the classification system devised by Prust et al., 2011 -  
see below in Section 3.1), are shown in Figure 7.

1.6 POPULATION CHARACTERISTICS

Alexander disease is extremely rare, but exactly how rare nobody really knows. There is neither 
gender bias nor predilection for any ethnic group. Widely cited world-wide numbers of “500” 

FIGURE 7: (Left) Abnormality of frontal white matter (arrows) in a typical Type I patient. (Middle) Shrink-
age of the brain stem and cervical spinal cord (arrows) in a Type II patient. (Right) Focal abnormal signal 
(arrows) in a Type II patient. Figure on the left reprinted from (Yang and Prabhu, 2014), with permission  
from Elsevier. Figure in the middle reprinted from (Pareyson et al., 2008), with permission from Oxford Uni-
versity Press. Figure on the right reprinted from (Van Poppel et al., 2009), with permission from John Wiley 
and Sons. (arrows have been added)
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or “550” can be found on Wikipedia or other web sites, but it should be stressed that these have 
no foundation in any data that has been collected or analyzed in a systematic way. World-wide, 
the total number of Alexander disease patients is unknown. 

Only one attempt has been made to define the total number of patients present in a pop-
ulation at a given time (“prevalence”), by a group in Japan who surveyed nearly all of the neu-
rology and pediatrics clinics in the country by asking whether they had seen any Alexander 
patients over a 5-year period (Yoshida et al., 2011a). After correcting for patients who visited  
more than one clinic, and counting as one either twins or members of families where the disease 
was passed down through multiple generations (a questionable method among epidemiologists),  
they arrived at a total of 35. Correcting for the 74% response rate from the survey, they esti-
mated the total number of Alexander disease cases to be 47, and since the total population for 
the entire country at that time was estimated at 128 million, hence calculated a prevalence of 
1 in 2.7 million. For reasons that were not specified, these investigators excluded patients with 
the “neonatal” form, so the true prevalence is almost certainly somewhat higher than the figure 
just given. It is interesting that roughly half of the 35 patients were of adult-onset, contradict-
ing the notion of Alexander disease as primarily a pediatric condition.

Only two other studies exist that deal with population characteristics, though rather than 
including cases of all ages in their calculation they tried to determine frequency at birth (i.e., 
prevalence among live births). This seemingly minor difference becomes important when one 
is dealing with a disease that may cause early death, because severely affected children will be 
born (and be captured by one method) but not survive very long (and therefore be lost in the 
other method). Surprisingly, all of these studies arrived at somewhat similar figures. 

In one study, Heim et al. (1997) tabulated all the leukodystrophy patients seen through-
out a defined set of countries in Europe in 1994, and of 556 patients they identified 9 Alexan-
der patients. However, insufficient detail was provided about the individuals with an Alexan-
der diagnosis to permit a calculation about its prevalence in the population or per live births.

In a second study, Barczykowski et al. (2012) examined death certificates from eleven  
states in the U.S. in which open records laws permitted such an analysis (California, Connect-
icut, Kentucky, Massachusetts, Michigan, Minnesota, Montana, North Carolina, Ohio, Ver-
mont, and Washington). Death certificates utilize a coding system to indicate cause of death, 
and by searching for those certificates containing the code E75.2 (not specific for Alexander 
disease, but often including it), the authors reported a birth prevalence for infantile Alexander 
disease of 1 in 1.3 million births.

•  •  •  •
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Alexander disease, in nearly all patients, is caused by small changes in the gene encoding the 
protein known as GFAP. However, it took a long time to come to this realization, and the 
discovery only occurred thanks to the serendipitous outcome of an experiment involving ge-
netically engineered mice in the mid-1990s by the author (at the University of  Wisconsin– 
Madison) and Michael Brenner (initially at the National Institutes of  Health, and then later at 
the University of Alabama–Birmingham). The history of this discovery is reviewed here, fol-
lowed by a general overview of the current state of knowledge about genetics and Alexander 
disease. 

Although early on Alexander disease was widely speculated to have a genetic origin, it 
was too rare to pursue genetic mapping using conventional methods, and few so-called candi-
date genes had been suggested for study. Of these, the gene encoding αB-crystallin, discovered  
as a major and surprising component of Rosenthal fibers by James Goldman (Columbia Uni-
versity) (Iwaki et al., 1989), was sequenced in two patients but found to be normal (Iwaki  
et al., 1992). In a review article published in 1988, Becker and Teixeira (1988) actually suggested  
GFAP, also a component of Rosenthal fibers, as a candidate gene, but apparently this idea was 
never followed up. 

2.1 INITIAL DISCOVERy OF GFAP AND ITS IMPACT IN  
NEUROSCIENCE AND NEUROPATHOLOGy

GFAP (an abbreviation for Glial Fibrillary Acidic Protein) was originally discovered by Law-
rence Eng, a young neurochemist working in the laboratory of Bruno Gerstl at Stanford. Eng  
had been tasked with the challenge of isolating proteins from tissues of patients with multiple 
sclerosis. Previous research on multiple sclerosis had focused on lipids (fatty substances), since  
this condition was viewed primarily as a disorder of myelin (the lipid-rich membranes sur-
rounding large diameter axons that facilitate conduction of electrical impulses throughout the 
nervous system). Eng wanted to study proteins, however, particularly in the hardened areas of  

C H A P T E R  2

Genetics of Alexander Disease


