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Abstract
Although a large number of amyotrophic lateral sclerosis (ALS) patients have undergone
transplantation procedures with olfactory ensheathing cells (OECs) in the Bejing Hospital,
to our knowledge, no post-mortem neuropathologic analyses have been performed. We
examined the post-mortem brain of two Italian patients affected by ALS who underwent
cellular transplantation in Beijing with their consent. Our aim was to assess the events
following the graft procedure to possibly support the rationale of the treatment strategy. The
neuropathologic findings were analyzed on the basis of the limited awareness of the experi-
mental conditions and discussed in relation to the safety, efficacy and long-term outcome of
the transplanted cells. Islands of quiescent, undifferentiated cells within the delivery track
persisting for up to 12 months–24 months were found. Prominent glial and inflammatory
reaction around the delivery track strongly supports the encasement of the graft. Evidence of
axonal regeneration, neuronal differentiation and myelination was not seen. The surgical
procedure of implantation was not compatible with a neurotrophic effect. The OEC trans-
plantation did not modify the neuropathology of ALS in the two patients. In conclusion, the
present neuropathologic analysis does not support a beneficial effect of fetal OEC implanta-
tion into the frontal lobes of ALS patients.
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INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease
characterized by progressive loss of motor neurons leading to pro-
gressive paralysis. The cause of the disease is not known, and the
prognosis is dismal, as patients usually die within 2 years–5 years
after the presentation of symptoms. The condition is incurable:
generally acknowledged medical treatments include riluzole,
symptomatic drugs, enteral nutrition and noninvasive positive pres-
sure ventilation. Currently, several disease-modifying treatments
for ASL are being studied; these treatments are based on biologi-
cally supported rationales and undergo rigorous safety trials, fol-
lowed by randomized controlled trials to establish the efficacy for a
defined group of patients, and use reliable measurements of vali-
dated end points.

The isolation and characterization of stem cells and neural pre-
cursor cells have suggested novel potential modalities of treating
neurodegenerative disorders, including ALS (7, 24, 26).

Since 2001, a neurosurgeon in Beijing, China, has been per-
forming a neural cell transplantation treatment called “olfactory
ensheathing cell (OEC) transplantation procedure” in ALS
patients, as well as in patients with cerebral palsy, multiple sclero-

sis, ataxia, stroke and other neurological disorders (17). A slower
rate of clinical progression of ALS in the first 4 months post trans-
plantation was reported in a pilot study (16); the ALS score
increased after the treatment independently from the OEC trans-
plantation procedure (brain, spinal cord, and brain and spinal cord)
(4). However, the articles are in Chinese, and a complete appraisal
of the results and modalities is not feasible. Hundreds of ALS
patients from all over the world have been treated. As very little
scientific and clinical information has been made available to phy-
sicians and patients about the experimental procedures employed
(4, 16, 17), neurologists have generally not recommended this pro-
cedure (5); nevertheless, patients are queuing to be treated in the
Chinese hospital (8, 11).

Although a large number of ALS patients have undergone trans-
plantation procedures with OECs in the Chinese hospital (8), to our
knowledge, no post-mortem neuropathologic analysis has been
performed to assess the events following the graft procedure and
possibly support the rationale of the treatment strategy.

Two Italian patients affected by ALS were diagnosed and fol-
lowed up in our ALS center until death; they underwent the cellular
transplant by the above-mentioned Chinese team with consent. We
examined the post-mortem brain of the two patients and now report
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the neuropathologic findings. The pathologic findings were ana-
lyzed on the basis of the limited awareness of the experimental
conditions and discussed in relation to the safety, efficacy and
long-term outcome of the transplanted cells.

PATIENTS AND METHODS
Patient 1, male, was 64 years old at death. Presentation of the
disease was characterized by lower limb weakness, and a diagnosis
of definite ALS according to the revised El Escorial criteria (3) was
carried out. One year after the diagnosis, the patient travelled to
Beijing to undergo the transplantation procedure. The clinical
charts produced during his stay in the Chinese hospital reported:
“Under local anaesthesia, the olfactory ensheathing cell transplan-
tation procedure was done. 100 ml containing about 2,000,000 cells
was injected into the brain of the patient.” Details of the target sites
for the injections were not provided. No clinical adverse reaction
occurred after the operation. During the following months, the
disease progressed, leading to bulbar involvement; the patient died
from respiratory insufficiency. The total duration of illness from the
first symptoms to death was 25 months.

Active consent for the autopsy was given by the family. The brain
was fixed in buffered formalin for 2 weeks and, before cutting, was
subjected to a magnetic resonance (MR) study (see below).

Patient 2, male, was 61 years old at death. Symptom presentation
was at the respiratory muscles, followed by limb weakness. The
diagnosis was definite ALS. The patient was ventilator-dependent
during sleep. He underwent the transplantation procedure twice by
the same team that had operated on Patient 1. The first procedure

was performed 2 years after presentation of the disease; the second
was performed 12 months later. No details of the transplantation
procedure were reported in the chart of 2005, while the following
description was in the 2006 chart: “Under local anaesthesia, the
surgical transplantation of olfactory ensheathing cells procedure
was done. 100 ml containing about 2,000,000 cells was injected
into the bilateral frontal lobe of the patient’s brain.” The patient
died 15 months after the second procedure because of the pro-
gression of respiratory symptoms. Total disease duration was
4 years.

Active consent for the autopsy was given by the patient’s family,
complying with the last will of the patient. The brain and spinal
cord were fixed in buffered formalin; the MR study was performed
before the brain cutting.

Post-mortem MR study of the brains

The formalin-fixed brains were placed in a metal-free plastic con-
tainer and examined on a 1 Tesla magnetic resonance imaging
(MRI) system (General Electric Medical Systems, Milwaukee, WI,
USA). The axial, coronal and sagittal series were obtained with the
following sequences: spin echo (SE) T1 [repetition time (RT)
500 ms and echo time (ET) 16 ms, number of excitations (Nex) 2,
thickness (th) 5 mm, slice gap 0.6]; (SE) proton density-T2 (RT
2500 ms, ET 30 ms–90 ms, Nex 2, th 5 mm, slice gap 0.6); and
three-dimensional Inversion Recovery-Fast SPoiled GRadient (IR-
FSPGR) (RT 15 ms, ET 6,7, flip angle 20°, Nex 2, th 2 mm, 94
contiguous 2-mm axial slices) with multiplanar image reforma-
tions (volume rendering).

Figure 1. Brain MR images of the patients.
Post-mortem MRI study. A. Cortical surface
rendering from the three-dimensional MRI of
Patient 1; the entry holes of the transplantation
are visible (arrows). B. T1-MT-weighted image
of the transplantation track, Patient 1. C.

T2-weighted image of one transplantation
track, Patient 2, T2. D. In vivo MR of Patient 1:
corticospinal tract hyperintensity on
T1-MT-weighted image.
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The brain surfaces were reconstructed and three-dimensionally
rendered (Figure 1A). Using three-dimensional SPGR data, the
surgical pathways were reconstructed and analyzed.

Neuropathology

On the basis of the MR images, the positions of the needle tracks
were detected, and the brains were cut accordingly. The micro-
scopic features of the cerebral cortex and subcortical white matter
crossed by the tracks were analyzed; the tracks were either longitu-
dinally or transversally sectioned. In addition to routine histologi-
cal methods (Luxol fast blue, periodic acid Shiff (PAS) and
Bodian), antibodies (Table 1) were used for the immunohis-
tochemical demonstration of antigens relevant to glial and/or neu-
ronal differentiation, neurotrophins, proliferation, myelin protein,
immune and inflammatory response, mesodermal reaction, OEC
immunophenotype as reported elsewhere (15) and the hallmark
inclusions of ALS. Immunohistochemical reactions were per-
formed after a standard microwave antigen retrieval protocol using
citrate buffer, pH 6, prior to incubation of the sections in the
primary antibodies; citrate buffer, pH 9, was used before MIB1 and
SMI31+32 antibodies. As a subsequent step, anti-mouse immuno-
globulin ImmPRESS™ reagent kit (Vector Laboratories, Burlin-
game, CA, USA) and anti-rabbit Envision™ System-labeled
polymer-HRP (DakoCytomation, Glostrup, Denmark) were used.
The labeling was visualized using a Strep-ABC Vectastain® kit
(Vector Laboratories) and peroxidase substrate kit Vector® VIP
(Vector Laboratories).

Fluorescence in situ hybridization using an X chromosome cen-
tromeric probe (Vysis Inc., Downers Grove, IL, USA) was per-
formed as described (22) on the nervous tissue around the needle

track. The finding of cells with two nuclear signals would be direct
evidence of the presence of heterologous cells within the brain.

With the aim of distinguishing the specific changes induced by
transplantation from those generated solely by the tissue reaction to
the needle wound itself, we comparatively analyzed the neuropa-
thology of the white matter surrounding a ventricular catheter posi-
tioned for reducing the intracranial hypertension in a brain tumor
patient.

RESULTS

Imaging of post-mortem brains

MR images showed bilateral asymmetrical linear signals progress-
ing from the prefrontal cortex to the basal ganglia region, ending in
proximity to either the caudate or the putamen (Figure 1A–C). Two
linear signals in Patient 1 and four in Patient 2 were observable.
These were hyperintense in T2, hypointense in T1-MT and seem-
ingly corresponded to the tracks of the needle. The linear images
were not in the area of the corticospinal tract, as shown by compar-
ing a brain MRI of Patient 1, performed 1 year before death, in
which the characteristic neuroimaging finding of a hyperintense
signal along the corticospinal tract on T1-MT (Figure 1D), T2- and
proton density-weighted and fluid attenuated inversion recovery
(FLAIR) sequences, was evident. No signal corresponding to the
corticospinal tract was visible in the post-mortem MR images.

Neuropathology

The entry holes of the needle were variably located between the
first and the second frontal gyrus, in proximity to 9, 10 and 46

Table 1. Immunohistochemistry. Panel of antibodies.

Antibody Antigen Retrieval Specificity and aim

GFAP Mouse Dako 1:100 no

OEC phenotype1,15,18,24Nestin Mouse Chemicon 1:200 yes
Fibronectin Rabbit Sigma 1:200 yes
NGFR p75 Mouse Santa Cruz 1:100 yes

NGF Rabbit Novus Biologicals 1:100 yes
Neurotrophines

NT-4 Rabbit Novus Biologicals 1:200 yes

CD45 (LCA) Mouse Dako 1:100 yes
InflammationCD20cy Mouse Dako 1:150 yes

CD3 Rabbit Dako 1:50 yes

CD68 Mouse Dako 1:100 yes
Macrophages, microglia

HLA-DR (CR3/43) Mouse Dako 1:200 yes

Ki-67 (MIB-1) Mouse Dako 1:50 yes Proliferating cells

MBP Rabbit Dako 1:400 yes Myelin basic protein

Synaptophisin Mouse Dako 1:40 yes
Neuronal differentiation

SMI31+SMI32 Mouse Covance 1:1000 yes

Ubiquitin Rabbit Dako 1:200 no
Inclusion bodies of ALS

TDP-43 Rabbit Proteintech Group 1:200 yes

Vimentin Mouse Neomarkers 1:100 yes Fibroblasts, glia, blood vessels

Abbreviations: GFAP = glial fibrillary acidic protein; NGFR p75 = nerve growth factor receptor protein 75; NGF = nerve growth factor;
NT-4 = neurotrophin 4; LCA = leucocyte common antigen; MBP = myelin basic protein; TDP-43 = TAR DNA binding protein 43.
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Brodmann areas (Figure 1A). By adequate serial sectioning, the
course of the injection tract was reached and followed from the
entry in the frontal cortex to the end. Microscopically, no core
delivery site of cells was identified at the terminal part of the
delivery track; the end of track was found in brain areas different
for each track, as expected, given the lack of stereotactic control for
the grafting procedure (Figure 2A,B).

Immediately below the entry site in the cortex, necrotic calci-
fied material was found (Figure 2D). It was surrounded by a
prominent astroglial reaction with numerous hypertrophic astro-
cytes (Figure 2E) and an inflammatory reaction characterized
by mononuclear cells and foamy macrophages (Figure 2F).
Perivascular cuffs of lymphocytes were also found in the cerebral
cortex 1 mm–2 mm far from the needle track.

The delivery pathway in its course through the subcortical white
matter hosted islands of apparently distinct cells confined within
the track and sharply delimited from the surrounding white matter
(Figure 3A,B). The immunoreactivity of the islands demonstrated
that they did not represent a mesenchymal scar. The nuclei of the
cells within the track appeared different from those of the cells
in the surrounding white matter (Figure 3C,D); no mitosis was
observed, and no cell expressed the proliferation marker Ki-67.

Rare glial fibrillary acidic protein (GFAP)- or nestin-positive cyto-
plasms (Figure 3E) were observed within the islands, whereas no
immunoreactivity for myelin basic protein (Figure 3F), neurofila-
ment (Figure 3G) and nerve growth factor receptor (NGFR) p75
was observed within the islands. Expression of neurotrophins was
not evidenced; fibronectin antibody immunostained the vessel
walls (Figure 3H).

The sharp border of the islands was evident in slides stained for
myelin (Luxol fast blue B) (Figure 2C). Prominent astrogliosis
characterized by giant GFAP-positive reactive astrocytes sur-
rounded the packed cells (Figure 4B).

An inflammatory reaction consisting of perivascular cuffs of
lymphocytes and microglia was found within and around the
islands (Figure 4C) and in the surrounding white matter, both close
to and far from the needle track (Figure 4D,E). No multinucleated
giant cells were found.

The brain and spinal cord were also analyzed for well-known
neuropathologic hallmarks of ALS. The motor neurons of the XII
cranial nerve in both patients as well as the motor neurons of
anterior horns in Patient 2 were reduced in number; typical
ubiquitin- and TAR DNA binding protein 43 (TDP-43)-positive
intracytoplasmic skeins and diffuse cytoplasmic TDP-43 immun-

Figure 2. Patient 1: in the paraffin section, the track is visible by lack of myelin and a GFAP-positive rim (A). Patient 2: three tracks are seen (arrows) (B).
(C) is a higher magnification of (B). The track in the cerebral cortex (D) surrounded by gliosis (E) and inflammatory cells (F). The * corresponds to the
track. Scale bars: 200 mm (D); 50 mm (E,F). Abbreviations: H E = Hematoxylin-Eosin; LCA = Leucocyte commom antigen.
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ostaining (14) were present in the motor neurons (Figure 4F–I).
The lateral columns of the spinal cord and the bulbar pyramids
showed a partial loss of myelin staining and a moderate microglial
reaction.

The overall findings were similar in the two patients. The in situ
hybridization gave negative results: no cell showed two nuclear
signals.

In comparison, the glial and inflammatory reaction surrounding
the site of the ventricular catheter in the brain tumor patient was
much less prominent; giant reactive astrocytes were not observed.

DISCUSSION
The use of fetal neural cells or neural precursor cells is a new
promising therapy for relentlessly progressive neurodegenerative
disorders. Strategies and prospects for their use in ALS have been
recently discussed (6, 19). Stem cells are supposed to replace lost
or dysfunctional neurons, provided their functional integration into
the damaged neural circuitry takes place.

Concerning replacement and integration, promising results
come from experiments in animal models of motor neuron

Figure 3. The track in the white matter
contains islands distinct from the surrounding
tissue (A,B). The cells within the islands (C,D).
Sparse nestin-positive cells (E). The
immunostaining of myelin basic protein (F) and
neurofilaments (G) stops at the edge of the
island. Fibronectin antibody stains the vessel
walls. The * marks the island. Scale bar:
100 mm (A,B,F,H); 50 mm (G); 20 mm (C,D,E).
Abbreviation: MBP = myelin basic protein.
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impairment (9, 13); nevertheless, the complexity of ALS pathol-
ogy makes this therapeutic avenue less promising in human
patients. Correct differentiation into neurons in non-neurogenic
areas of adult central nervous system (CNS), correct placement
of grafted cells in the proper CNS regions, and correct pathfind-
ing and connectivity (6, 19) are the major obstacles to replace-
ment therapy of ALS.

As an alternate to replacement, stem cells or neural precursor
cells can have neurotrophic potential improving the functional
deficits of diseased neurons. A stem cell-based neurotrophic
therapy is potentially a more promising approach for preventing
degeneration or restoring function to damaged motor neurons of
ALS patients, provided the transplanted cells migrate and survive
into the focal areas.

The mechanisms of possible neurotrophic action of OECs
were recently reviewed: OECs promote axon regeneration and
functional recovery indirectly by augmenting the endogenous
capacity of host Schwann cells to invade the damaged spinal cord

and by providing a permissive microenvironment for successful
axonal regeneration (2). OECs from rodents express either the
low-affinity neurotrophin receptor p75 or fibronectin in variable
proportion depending on culture conditions (1); after implantation
into the adult rat brain, p75 immunoreactivity is preserved (24). In
vitro cultured human OECs express GFAP (18). The characteriza-
tion of OECs used by the Chinese neurosurgeon was indirectly
reported by distinct authors (15): cultured cells were positive for
human nestin and for GFAP. The immunophenotype of grafted
human OECs is unknown.

On these bases, the present neuropathologic study of the two
ALS patients who underwent the “OEC transplantation” was aimed
at assessing the survival and differentiation of transplanted cells,
presence of neurotrophins, changes induced in the nervous tissue
and modifications of the hallmark pathologic changes of ALS in the
brain and spinal cord.

The changes in the needle track area are not attributable to the
mere tissue reaction to the needle wound. Our findings suggest

Figure 4. The reaction of the white matter
around the islands: a prominent gliosis (A)
characterized by giant reactive astrocytes (B); a
prominent inflammatory reaction (C) at the
edge (D) and distant from the island (E). Spinal
motor neurons with ubiquitinated inclusions
(F,G), diffuse TDP-43-positive cytoplasm (H)
and skeins (I). The * marks the island. Scale
bars: 200 mm (A,C); 20 mm (B,D–I).
Abbreviations: GFAP = glial fibrillary acidic
protein; LCA = leucocyte common antigen;
Ubiq = ubiquitin.
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persistence of quiescent cells within the delivery track for up to 12
months–24 months, mostly in the white matter part of the track.
Properties of OECs, such as the expression of nestin and GFAP,
were recognized in sparse cells; the nature of the other numerous
cells encased in the needle tracks remains an open question. They
do not show the immunophenotype of a scar tissue; therefore, it is
possible that they represent quiescent, undifferentiated survivors
of the transplanted OECs that neither express neurotrophins nor
produce myelin and axons.

The prominent glial reaction observed around the track mirrors
the increased proliferation of reactive astrocytes induced by
OECs in vitro (21) and suggests that the human brain is not
inclined to integrate the exogenous cells. The encasement of
OECs within the graft and their negligible migratory properties
have also been reported in injured nervous tissue of rats (1, 20,
23) and in the substantia nigra of an animal model of Parkinson’s
disease (10, 12). We are aware that tracking individual cells
grafted into the brain of the two patients was not possible under
the present conditions, the cells being unmarked. However, the
overall neuropathologic aspect strongly supports the encasement
of the grafted cells.

The role of the immune response in graft outcome is of utmost
importance. The inflammatory signs observed in the two brains
suggest that the implanted cells elicit a lifelong reaction; as they are
derived from fetal CNS, their immunogenic properties are low, and
inflammation is not very prominent but still persistent. Consis-
tently, the two patients had no clinical adverse reaction after the
procedure, even if they were not immunosuppressed after the
transplantation. As a matter of fact, 6.74% of patients experience
various perioperative complications after the grafting procedure, as
reported by the Chinese team (17).

The neurotrophic effect of stem cells requires that grafted cells
are correctly directed to the proper cerebral regions. No contact
between needle tracks and corticospinal tracts was revealed by
post-mortem MR imaging of the two brains. In addition, the neuro-
pathologic features of ALS were not changed after the transplanta-
tion procedure. Moreover, the course of illness and disease
duration of the two patients were within the normal ranges of ALS
patients.

In conclusion, the long-term fate of OECs transplanted into the
human brain corresponds to the persistence of quiescent, undiffer-
entiated cells within the needle track, encased by a prominent glial
reaction; evidence of axonal regeneration, neuronal differentiation,
myelination and neurotrophin expression was not seen. The surgi-
cal procedure of implantation is not permissive of a neurotrophic
effect, and OEC transplantation did not modify the neuropathology
of ALS.

The use of unproven and new therapeutic measures in the treat-
ment of patients affected by diseases without any effective therapy
is accepted by the World Medical Association (WMA) Declaration
of Helsinki (25). Transplantation of OECs into the brain of ALS
patients is one example of a new therapeutic measure. However, the
WMA statement does not exempt new treatments from relying on
current consensual scientific experience, data and procedures, or
from verifying the effects of the treatment, not only on a clinical
but also on a pathological basis. Even given the methodological
limitations of our study, the results do not support that the trans-
plantation of fetal OECs into the frontal lobe can have any benefi-
cial effect in ALS patients.
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