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Neuroglial stem cell-derived inflammatory pseudotumor (n-SCIPT):
clinicopathologic characterization of a novel lesion of the lumbosacral
spinal cord and nerve roots following intrathecal allogeneic stem cell

intervention
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Unproven commercial stem cell therapies are increasingly
available to patients in the United States and internationally,
where stem cell clinics offer treatments for an expanding
list of neurologic, autoimmune, and degenerative condi-
tions, often with limited regulatory oversight [7]. As a result,
many patients who participate in “stem cell tourism” receive
untested interventions that potentially oversell the benefits
without adequately representing the risks. The majority of
commercial stem cell clinics use autologous cells derived
from adipose tissue or bone marrow sources, and while
the administration of unproven therapies raises significant
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ethical and regulatory issues, the autologous cells appear
to be relatively safe. However, a recent study of stem cell
clinics in the United States found that approximately 20%
use allogeneic stem cells, mostly derived from amniotic or
placental sources [15]. These cells are more problematic, as
they raise issues of immune rejection as well as increased
risk of contamination due, in part, to increased handling,
storage, and processing. The route of administration also
contributes to risk. Stem cells delivered intravenously are
usually filtered by the lungs and liver and are cleared within
24-72 h [5]. When stem cells are administered directly into
tissues such as the kidney, eye, or cerebrospinal fluid (CSF),
the consequences of infection, tumor formation, or inflam-
matory response are generally more serious [9, 14].

Following intrathecal injection of allogeneic stem cells,
reported neurologic complications have ranged from mild
to severe and include demyelinating encephalomyelitis,
hemorrhagic retinopathy, meningitis, intracerebral hemor-
rhage, and death [1, 3, 12]. A more recently described com-
plication is the development of glial or glioneuronal mass
lesions at or near the site of intrathecal stem cell delivery,
with molecular characterization showing derivation from the
exogenous stem cells [2, 4, 10, 11, 13]. To date, however, the
hallmark clinicopathologic features of this unique complica-
tion have not been summarized and a unifying diagnostic
nomenclature has not been offered. Here, we contribute a
new informative case to this early body of literature, review
additional reported cases, and propose unifying diagnostic
criteria based on the observed common features.

Our case is a 62-year-old man with a history of hyper-
tension and bilateral ischemic optic neuropathy resulting in
legal blindness, who presented with slowly progressive low
back pain, bilateral radicular leg pain, and worsening gait.
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His symptoms began approximately 6 months after receiv-
ing multiple intrathecal and intravenous stem cell infusions
within an 8-month period (in Beijing, China and Moscow,
Russia), with the objective of restoring his vision. The neu-
rologic examination revealed a distal and bilateral pattern
of moderate leg weakness, producing a right worse than
left steppage gait with ambulation. Nerve conduction stud-
ies demonstrated a pattern of abnormal findings that was
consistent with bilateral L5 and S1 radiculopathies. Serial
MR imaging studies of the lumbar spine revealed progres-
sive thickening of the cauda equina with effacement of the
CSF space, while PET-CT showed diffuse hypermetabolic
activity of the lower spinal cord extending through the conus
and lumbosacral nerve roots (Fig. 1a, b and Supplementary
Fig. S1). Multiple lumbar punctures showed tawny CSF with
persistent laboratory abnormalities including leukocytosis
and elevated protein (Supplementary Table S1). Based on
the clinical progression of his symptoms, concerning imag-
ing findings, and inflammatory CSF profile, he underwent
biopsy of the S1 sensory nerve root.

Intraoperatively, the nerve root was markedly thick-
ened (Fig. 1¢). Hematoxylin and eosin-stained sections of
the biopsied tissue showed a fragment of spinal nerve root
surrounded by moderately hypercellular, disorganized gli-
oneuronal tissue composed of mildly atypical glial cells and
scattered large, dysmorphic ganglion cells embedded in a
fibrillar matrix (Fig. 1d—g). Mitoses were not identified, and
there was no necrosis or microvascular proliferation. The
glial component was immunopositive for GFAP, ATRX,
and OLIG2, while dysmorphic ganglion cells showed weak
to absent NeuN expression (Supplementary Fig. S2). Rare
nuclei showed weak p53 positivity, and there was no expres-
sion of IDH1 R132H or BRAF V600E mutant proteins
(not shown). Deeper levels revealed a robust inflammatory
infiltrate composed of small T lymphocytes, scattered mac-
rophages, and microglia (Supplementary Fig. S3). The nerve
root itself demonstrated mild to moderate acute demyelina-
tion (not shown).

Capture-based next-generation sequencing (NGS) was
performed on paired lesional and constitutional DNA sam-
ples as previously described [8], and showed approximately
90 nonsynonymous variants that were present in the aber-
rant glioneuronal tissue but not in the constitutional buccal
swab sample; the vast majority of these variants were sin-
gle nucleotide polymorphisms (SNPs) common in human
populations (Supplementary Table S2). These findings
indicate that the aberrant glioneuronal tissue was derived
from foreign human donor(s), with the allele frequencies
likely representing heterozygous (20%) and homozygous
SNPs (40%) in the foreign donor(s). There were no known
pathogenic variants, including hotspot mutations known to
be important in the pathogenesis of gliomas. Additionally,
research-based metagenomic NGS was performed on total
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RNA extracted from a CSF sample collected approximately
1 year after presentation, as previously described [16], and
did not detect pathogenic organisms.

We next surveyed the existing literature for similar cases
and compared their clinicopathologic features (Supplemen-
tary Table S3). Of the six identified cases (including ours),
all patients pursued intrathecal injection of stem cells out-
side of the United States, often receiving cells of fetal and/
or neural progenitor origin. Imaging revealed thickened,
clumped cauda equina or lumbosacral nerve roots in five
cases, with enhancement on post-contrast imaging (reported
in five cases) and a lumbar mass in the remaining case, while
available CSF profiles showed lymphocytic pleocytosis and
increased protein (two of three cases). Histopathologic
examination typically showed low-grade glial or neuroglial
proliferations (five cases), but one high-grade glial prolifera-
tion with primitive morphology was also reported. T cell-
predominant chronic inflammatory infiltrates were common
(four cases). A variety of molecular techniques was used to
confirm that these lesions were derived from exogeneous
stem cells (reported for five cases).

Based on these findings, we propose the name “neuroglial
stem cell-derived inflammatory pseudotumor” (n-SCIPT) to
define this rare but increasingly reported entity; in doing so,
we also anticipate the possibility that “SCIPT” lesions with
other types of cellular differentiation may be described in the
central nervous system or other organ systems where stem
cell therapy is utilized, and can be named accordingly. The
clinical, radiologic and pathologic criteria that can be used
to make a n-SCIPT diagnosis are summarized in Table 1.
Of note, these unifying features are seen in the present data-
set, but further studies are necessary to determine whether
a more parsimonious set of diagnostic criteria can be made.

Together, these features distinguish n-SCIPT lesions from
several similarly presenting neurologic disorders (Supple-
mentary Table S4), including another potential complica-
tion of experimental intrathecal stem cell infusions—the
development of a host-versus-graft-like immune response
to allogeneic stem cells [6]. Although both conditions sug-
gest that allogeneic stem cells retain sufficient immuno-
genicity to provoke an inflammatory response, their treat-
ment modalities may differ, as an intact immune system may
be beneficial in restricting the growth of n-SCIPTs. With
the global increase in stem cell interventions, cases such as
these will likely become more common and require greater
understanding.

In the recent past, patients with medical conditions not
treatable by conventional medical therapy would often seek
stem cell treatments outside of the United States, fueling a
stem cell tourism industry in countries serving as havens for
unregulated practitioners. However, lax regulatory compli-
ance has recently led to a proliferation of stem cell clinics
across the United States. This alarming trend suggests that
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Fig. 1 Radiologic, intraoperative, and histopathologic findings. a,
b Serial magnetic resonance (MR) images obtained approximately
16 months apart show progressive thickening of all of the nerve roots
of the cauda equina with effacement of the CSF space (arrows). ¢
Intraoperative photograph of enlarged spinal nerve root (*). d H&E-
stained section showing S1 spinal nerve root (center) encased by
aberrant neuroglial tissue (scale bar 400 um). e Immunohistochem-

istry for neurofilament protein highlights bilayered appearance of
aberrant neuroglial tissue including a dense fibrillar matrix (scale
bar 400 um). f The aberrant neuroglial tissue is composed of disor-
ganized, mildly atypical glial cells and dysmorphic ganglion cells,
one of which is shown at higher magnification in the inset (scale bar
200 um). g Dysmorphic ganglion cells show weak to absent NeuN
expression (scale bar=100 um)
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Table 1 Clinical, radiologic, and pathologic diagnostic criteria of neuroglial stem cell-derived inflammatory pseudotumor (n-SCIPT)

Neuroglial stem cell-derived inflammatory pseudotumor (n-SCIPT): unifying features

1. History of stem cell injection into the CSF space

2. Subacute-to-chronic onset of focal neurologic symptoms

3. Presence of a mass lesion or progressive spinal cord/nerve root thickening at or near the site of injection, as visualized by CT or MR imaging

4. Evidence of inflammation, measured in the CSF or determined by the presence of abnormal enhancement on MRI

5. Tissue biopsy demonstrating glial or mixed neuroglial histology with or without associated chronic inflammation

6. Molecular studies demonstrating presence of non-patient tissue

more cases similar to ours will emerge; as such, it is impor-
tant that the diagnostic possibility of n-SCIPT is recognized
and addressed by pathologists, clinicians, and basic scien-
tists alike.

Acknowledgements The authors wish to thank the patient, who gave
informed consent for publication of this study, for his invaluable con-
tributions to neuroscience research. The authors also wish to thank
Dr. Arie Perry for thoughtful discussions during initial work-up of the
patient’s biopsy, and clinic nurse Denise Feng, RN, for her assistance
and follow-up care of the patient. This work was supported by the
Sandler and William K. Bowes Jr Foundations, a National Institute
of Neurological Disorders and Stroke award (KO8NS096117); and an
American Academy of Neurology Clinical Research Training Scholar-
ship (P0534134).

Compliance with ethical standards

Conflict of interest ARK is a co-founder and member of the board of
Neurona Therapeutics. Other authors have no conflicts of interest rel-
evant to this article.

Informed consent Informed consent was obtained from the individual
participant described in the study.

References

1. Alderazi YJ, Coons SW, Chapman K (2012) Catastrophic demy-
elinating encephalomyelitis after intrathecal and intravenous stem
cell transplantation in a patient with multiple sclerosis. J Child
Neurol. https://doi.org/10.1177/0883073811422831

2. Amariglio N, Hirshberg A, Scheithauer BW, Cohen Y, Loewenthal
R, Trakhtenbrot L et al (2009) Donor-derived brain tumor follow-
ing neural stem cell transplantation in an ataxia telangiectasia
patient. PLoS Med. https://doi.org/10.1371/journal.pmed. 10000
29

3. Bauer G, Elsallab M, Abou-El-Enein M (2018) Concise review:
a comprehensive analysis of reported adverse events in patients
receiving unproven stem cell-based interventions. Med Stem Cells
Transl. https://doi.org/10.1002/sctm.17-0282

4. Berkowitz AL, Miller MB, Mir SA, Cagney D, Chavakula V,
Guleria I et al (2016) Glioproliferative lesion of the spinal cord
as a complication of stem-cell tourism. N Engl J Med. https://doi.
org/10.1056/NEJMc1600188

5. Eggenhofer E, Benseler V, Kroemer A, Popp FC, Geissler EK,
Schlitt HJ et al (2012) Mesenchymal stem cells are short-lived

@ Springer

and do not migrate beyond the lungs after intravenous infusion.
Front Immunol. https://doi.org/10.3389/fimmu.2012.00297

6. Hurst RW, Peter Bosch E, Morris JM, Dyck PJIB, Reeves RK
(2013) Inflammatory hypertrophic cauda equina following
intrathecal neural stem cell injection. Muscle Nerve. https://doi.
org/10.1002/mus.23920

7. Julian K, Yuhasz N, Hollingsworth E, Imitola J (2018) The grow-
ing reality of the neurological complications of global stem cell
tourism. Semin Neurol. https://doi.org/10.1055/s-0038-1649338

8. Kline CN, Joseph NM, Grenert JP, Van Ziffle J, Talevich E,
Onodera C et al (2017) Targeted next-generation sequencing of
pediatric neuro-oncology patients improves diagnosis, identi-
fies pathogenic germline mutations, and directs targeted therapy.
Neuro Oncol. https://doi.org/10.1093/neuonc/now254

9. Kuriyan AE, Albini TA, Townsend JH, Rodriguez M, Pandya HK,
Leonard RE et al (2017) Vision loss after intravitreal injection of
autologous “Stem Cells” for AMD. N Engl J Med. https://doi.
org/10.1056/NEJMoal609583

10. Lee BS, Achey RL, Yeaney GA, Bosler DS, Aly Z, Ontaneda D
et al (2018) Stem cell injection-induced glioneuronal lesion of
the cauda equina. Neurology. https://doi.org/10.1212/WNL.00000
00000005219

11. Ney D, Fridman V, Ewalt M, Kleinschmidt-DeMasters BK (2018)
RARE-27. Chimeric spinal cord glioproliferative lesion follow-
ing intrathecal fetal stem cell infusion. Neuro Oncol. https://doi.
org/10.1093/neuonc/noy 148.1000 (Abstract only)

12. QuS, Liu W, Yang H, Wang Z, Yang Y, Liu F et al (2017) Analy-
sis of adverse events related to 720 cases of neural progenitor
cell transplantation. CNS Neurol Disord Drug Targets. https://
doi.org/10.2174/1871527315666161207160258

13. Rahangdale R, Rana S, Prakash P, Ali M, Flaherty M, Synowiec
A et al (2019) Glioneuronal growth infiltrating lumbosacral
nerve roots following intrathecal stem cell injections highlight-
ing perils of stem cell tourism. Mov Disord Clin Pract. https://
doi.org/10.1002/mdc3.12741

14. Thirabanjasak D, Tantiwongse K, Thorner PS (2010) Angiomy-
eloproliferative lesions following autologous stem cell therapy. J
Am Soc Nephrol. https://doi.org/10.1681/ASN.2009111156

15. Turner L, Knoepfler P (2016) Selling stem cells in the USA:
assessing the direct-to-consumer industry. Cell Stem Cell. https
://doi.org/10.1016/j.stem.2016.06.007

16. Wilson MR, O’Donovan BD, Gelfand JM, Sample HA, Chow FC,
Betjemann JP et al (2018) Chronic meningitis investigated via
metagenomic next-generation sequencing. JAMA Neurol. https
://doi.org/10.1001/jamaneurol.2018.0463

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/0883073811422831
https://doi.org/10.1371/journal.pmed.1000029
https://doi.org/10.1371/journal.pmed.1000029
https://doi.org/10.1002/sctm.17-0282
https://doi.org/10.1056/NEJMc1600188
https://doi.org/10.1056/NEJMc1600188
https://doi.org/10.3389/fimmu.2012.00297
https://doi.org/10.1002/mus.23920
https://doi.org/10.1002/mus.23920
https://doi.org/10.1055/s-0038-1649338
https://doi.org/10.1093/neuonc/now254
https://doi.org/10.1056/NEJMoa1609583
https://doi.org/10.1056/NEJMoa1609583
https://doi.org/10.1212/WNL.0000000000005219
https://doi.org/10.1212/WNL.0000000000005219
https://doi.org/10.1093/neuonc/noy148.1000
https://doi.org/10.1093/neuonc/noy148.1000
https://doi.org/10.2174/1871527315666161207160258
https://doi.org/10.2174/1871527315666161207160258
https://doi.org/10.1002/mdc3.12741
https://doi.org/10.1002/mdc3.12741
https://doi.org/10.1681/ASN.2009111156
https://doi.org/10.1016/j.stem.2016.06.007
https://doi.org/10.1016/j.stem.2016.06.007
https://doi.org/10.1001/jamaneurol.2018.0463
https://doi.org/10.1001/jamaneurol.2018.0463

	Neuroglial stem cell-derived inflammatory pseudotumor (n-SCIPT): clinicopathologic characterization of a novel lesion of the lumbosacral spinal cord and nerve roots following intrathecal allogeneic stem cell intervention
	Acknowledgements 
	References


