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Human embryonic stem cells showed good therapeutic potential for treatment of multiple sclerosis
with lyme disease

Fatigue ¢ weakness in limbs

Human embryonic stem cells transplantation

Transplantology

Rare disease

Multiple sclerosis (MS) is an inflammatory and neurodegenerative disease in which the myelin sheath of nerve
cells is damaged. It can cause delayed neurologic symptoms similar to those seen in Lyme disease (LD) pa-
tients. Thymus derived T-cells (myelin reactive) migrate to the blood brain barrier and stimulate an inflamma-
tory cascade in the central nervous system. Cell based therapies play an important role in treating neurologi-
cal diseases such as MS and LD.

Human embryonic stem cell (hESC) therapy was used to treat two patients with both MS and LD. The hESCs
were administered via different routes including intramuscular, intravenous, and supplemental routes (e.g.,
deep spinal, caudal, intercostal through eye drops) to regenerate the injured cells. Both the patients showed
remarkable improvement in their functional skills, overall stamina, cognitive abilities, and muscle strength.
Furthermore, the improvement in the patients’ conditions were assessed by magnetic resonance tractography
and single photon emission computed tomography (SPECT).

Therapy with hESCs might emerge as an effective and safe treatment for patients with both MS and LD. Well-
designed clinical trials and follow-up studies are needed to prove the long-term efficacy and safety of hESC
therapy in the treatment of patients with MS and LD.

Embryonic Stem Cells ¢ Lyme Disease ¢ Multiple Sclerosis ¢ Stem Cell Transplantation
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Background

Multiple sclerosis (MS) is characterized as an inflammatory,
neurodegenerative [1] and autoimmune disease, resulting in
damage to the myelin sheath (composed of fats) and tissues
of the central nervous system (CNS) [2]. Thymus derived T-cells
(myelin reactive) migrate to the blood brain barrier and stim-
ulate an inflammatory cascade in the CNS [3].

Globally, MS prevalence parallels the circulation of the Lyme
disease (LD), [4] which is characterized by white matter lesions
in the brain similar to those found in MS patients [5]. Borrelia
burgdorferi (a tick borne spirochete) causes LD after a tick bite.
It is estimated that the number of LD cases in the United States
each year is close to 300,000 [6]. The disease can cause post-
poned neurological signs of serious illness, like those seen in
MS such as visual disturbances, peripheral neuropathy, cogni-
tive defects, and fatigue [7,8]. The clinical distinction between
these two diseases (MS and LD), even with the use of magnet-
ic resonance imaging (MRI) is very difficult [5]. Also, there is no
effective cure for MS [9]. Although several antibiotic regimens
are available for the treatment of LD, in some patients the symp-
toms are reported to be persistent even after antibiotic treat-
ment. Thus, infected patients may require alternative antibiotics
or other treatment options [10]. Long-term treatment with anti-
biotics has been found to result in adverse events (AEs) [11,12].

Conventional therapies that are used for the treatment of MS
include beta interferons [13], immunosuppressants [14], mono-
clonal antibodies (natalizumab) [15] and corticosteroids [16].
However, utilizing these treatments long-term may be associ-
ated with an increased risk of depression, anxiety, heart dam-
age, pneumonia, and serious and life-threatening diseases such
as progressive multifocal leukoencephalopathy (PML) [14,17].
Past research has shown that cell-based therapies hold a po-
tential for CNS repair and may be protective from inflamma-
tory damage after injury [18-20]. Cell transplantation thera-
pies play an important role in promoting remyelination and
preventing demyelination of the axons [21,22]. Earlier stud-
ies have shown improvement in blurred vision, stamina, appe-
tite, tremors, balance, and speech after receiving human em-
bryonic stem cell (hESC) therapy [23-25]. An improvement in
patients affected with either MS or LD has also been previ-
ously reported [23]. The present study presents two cases of
patients affected with both MS and LD. The patients had an
uneventful recovery after the treatment.

Methods

The hESCs transplanted in this study were chromosomally sta-
ble and had no xeno product(s). An in-house patented tech-
nology was followed for the culture and maintenance of the
cells (United States Granted Patent No US 8592, 208, 52) in a
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Table 1. Lyme protocol of antibiotics for all patients.

Name of the drug Frequency

Monocef injection (1 gm) bd
Tinidazole G0mg) ivbd
 Minocycline 100mg)  od
Pantopdomg)  od
Vizylac/econorm (Biocode)  bd
Fudacomg lapod

MUI + N/S (10 mL) i.v. infusion thrice a week

good manufacturing practice (GMP), good laboratory practice
(GLP), and good tissue practice (GTP) compliant laboratory at
our facility (patent WO 2007/141657A PCT/1B 2007, published
December 13, 2007). The use of hESCs at Nutech Mediworld
has also been accepted and confirmed by the House of Lords,
Regenerative Medicine, Science, and Technology Committee.
The Independent Institutional Ethics Committee (IEC) approved
this study. The procedure used for cell culture and differenti-
ation has been elaborated in a previous study [23]. The treat-
ment regime consisted of three phases (T1, T2, T3) followed
by a gap phase of 4-6 months. As per the treatment proto-
col, 0.25 mL hESCs were injected intramuscularly two times a
day, and 1 mL of hESCs (<16 million cells) were injected intra-
venously two times a day for 7 days. In addition, hESCs were
also injected through supplemental routes (e.g., deep spinal,
caudal, and intercostal through eye drops). The patients also
received supportive treatment including antibiotic medica-
tions for LD as per Lyme disease protocol, and physiotherapy
(Table 1). The safety and efficacy of these cells has been as-
sessed previously [23]. All the patients provided written con-
sent prior to start of their treatment. The patients’ condition
was video recorded before, during, and after the treatment.

Case Report

Case 1

A 42-year-old male who was presented to our hospital was di-
agnosed with MS in 1995. On his first visit to the hospital, the
patient was having chief complaints of sub-normal walking us-
ing support (stick), weakness in all limbs, severe fatigue, sense
of numbness in both feet, tingling sensations in all limbs, band
around head, drooling and mixing up words while talking con-
tinuously, and subnormal bladder control. The patient was a
chronic smoker and marijuana dependent. The first single pho-
ton emission computed tomography (SPECT) scan performed on
February 17, 2015, showed sections of multiple small ovoid dis-
crete and confluent T2/fast fluid-attenuated inversion recovery
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Figure 1. SPECT scan before hESC therapy. (A) Before therapy, (B) after therapy. Grey: normal; red, pink, white: above normal (+2, +3,
+4 of standard); Hypoperfused regions — green: —2 of standard; light blue: —3 of standard; dark blue: —4 of standard; black:
=5 of standard.
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Figure 2. SPECT scan after hESC therapy. (A) Before therapy, (B) after therapy. Grey: normal; red, pink, white: above normal (+2, +3, +4
of standard); Hypoperfused regions — green: —2 of standard; light blue: -3 of standard; dark blue: -4 of standard; black: -5 of
standard.

(FLAIR) hyper-intense lesions perpendicular to the long axis discrete lesions were noted in the white matter of b/L inferior
of lateral ventricles. A small plaque was seen in the posterior cerebellar hemisphere region (Figure 1). Magnetic resonance
limb (posterior most portion) of internal capsule on both sides. (MR) tractography showed paucity of fiber tract, suggested in
Demyelination plaques were present in the right midbrain, bi- b/L centrum semi-ovals and subcortical regions of fronto pa-
lateral (b/L) ventral pons, and brachium pontis (Bt >Lt). Few rietal lobes, with no significant interval change.
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Tractography of the spine showed a section of an ovoid elon-
gated T2 hyper-intense plaque position in the cervical cord
at C1-C2, C2 body, and at C4 level (posteriorly on the right
side). A tiny plaque was noted anteriorly at the cervicomedul-
lary junctions.

The patient received hESC therapy at our facility as a prima-
ry treatment. After receiving hESC therapy, the patient had
no weakness or fatigue. His balance and cognitive functional
skills were also improved. SPECT scan after his therapy showed
moderate improvement in the degree of cerebral and cerebel-
lar perfusion (Figure 2). The second MRI of the brain was per-
formed after the therapy on April 17, 2015 showed fiber tracts
to be better. A remarkable improvement was observed in b/L
central semi-ovals and sub-cortical regions of front parietal
fiber (Figures 1, 2). Spine tractography showed improvement
in D9-D10 level with no aggression of demyelinating pitch.
The spinal curvature was normal at all levels. Disc desiccation
changes were found in the cervical spine with posterior disc
bulge at C5-C6 level, not causing cord indentation. The ver-
tebral bodies were normal in height, and no significant disc
bulge or herniation was present in dorso-lumbar spine. 2 en-
lists the symptoms of the patient depicting improvement af-
ter the hESC therapy.

Case 2

A 30-year-old female was presented to our facility with chief
complaints of inability to walk, wheel chair dependence, un-
able to stand without support, spasticity of lower limbs with
foot drop on the left foot, weakness of the left arm and spas-
ticity of the left hand, severe fatigue with myalgia, and joint
pains especially in the shoulder (left >right).

The patient had complaint of weakness in the left leg about
five years back which caused her to limp and fall frequently.
She was prescribed prednisolone and diagnosed as a possible
case of MS. After further deterioration of her condition, she was
tested and found positive for LD in 2012. She was prescribed
an antibiotic regime without much beneficial results. The first
SPECT scan performed on October 14, 2014 revealed conflu-
ent T2/fast FLAIR hyper-intensity (suggestive of demyelinat-
ing lesions) in right subcortical white matter and in the supe-
rior right putamen. The infratentorial compartment showed a
small hyper-intense demyelinating lesion in left superior cer-
ebellar peduncle and larger plaque in anterior medulla oblon-
gata (midline up top onto medullary junction). MR tractogra-
phy reports of October 14, 2014 showed abnormal confluent
T2-hyperintensity along the ventral surface of medulla oblon-
gata. C5 and C6, and the anterior medullary, represented de-
myelinating lesions. Tractography of the spine showed disc
desiccation changes and moderate broad-based posterocen-
tral-left paracentral disc protrusion at C5-C6, causing thecal
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sac indentation. Patient was a non-smoker and non-alcoholic
and had no significant surgical history.

At our facility, the patient received hESC therapy as per the
Lyme disease protocol along with antibiotics and physiother-
apy. The treatment period for the patient ranged from October
3, 2014 to April 29, 2015. Following the first treatment phase,
the patient reported remarkable improvement in her lower
limb strength, decreased spasticity, and had no longer fatigue
issues. Also, she was able to walk upright now with support.
After her second visit, improvement in muscle strength, move-
ment of left upper arm, spasticity of left lower, and left up-
per limb was observed. The patient was able to walk indepen-
dently for up to 40-50 minutes around the room (Table 2). An
improvement was observed in parameters like muscle weak-
ness, walking distance, balance, fatigue, pain, blurring of eyes,
and deformity. Short tau inversion recovery (STIR) signal SPECT
scan showed significant improvement in the degree of cere-
bellar perfusions as illustrated in Figure 2. MRI of the spine
showed normal caliber outline and parenchymal signal of the
entire spinal cord. The nerve roots of cauda equina appeared
normal with no intraspinal mass. The ventral bodies at all lev-
els were normal in height and were in alignment with normal.

Discussion

Our study used in-house cultured hESCs in the treatment of
patients affected with both MS and LD. Patients showed clin-
ical signs of improvement in health after the therapy; such as
improvement in overall stamina, muscle strength, functional
skills, and cognitive abilities. SPECT scan was able to interpret
the extent of improvement in perfusion after treatment with
hESCs. MRI performed after therapy showed improvement in
b/L and subcortical regions of the brain. Neither of the patients
reported any AEs following the hESC therapy.

Demyelination refers to the destruction of the myelin sheath, i.e.,
a protective covering of neurons. Various studies have shown that
stem cells possess an ability for propagation, transmission, and
differentiation into mature myelinating oligodendrocytes [14,26].
Sharp and colleagues transplanted hESC derived oligodendrocyte
progenitor cells (OPCs) into a cervical rat model. They observed
that OPCs enhanced re-myelination and stimulated improve-
ment of motor function (after 7 days of transplantation) [27]. In
another study, Aharonowiz and colleagues transplanted hESCs
obtained from neural progenitors into a mice model with ex-
perimental autoimmune encephalomyelitis (EAE). They noticed
that the clinical symptoms of EAE diminished exceptionally after
the transplantation. Histological assessment unveiled that trans-
planted neural progenitors travel to the mouse brain, particularly
in the host white matter. The author concluded that the healing
effect of neural progenitor transplantation was arbitrated by an




Table 2. Symptoms of the patients before and after hESC therapy.

Before

Poor balance

Before

Paucity of fibre
tracts present in
bilateral central
semiovals

Visualization of
fibre tracts is better
and significantly
improved in
bilateral semiovals
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Before

Paucity of fibre

tracts in the dorsal

cord at D9-D10

Visualization of
fibre tract in the
dorsal cord at
D9-D10 level has
improved

Inability to sit or
stand at one go

Able to sit or stand
at one go

Paucity of fibre
tracts present in
subcortical regions
of frontoparietal
lobes

Improvement in
subcortical regions
of frontoparietal
lobes

Paucity at the site
of demyelination
pitch seen

No aggression of
demyelination pitch
seen

Unable to walk,
uses stick to
balance

Able to walk
without stick

Weakness and
fatigue

Improved weakness

and fatigue

Impaired cognitive
skills

Cognitive skills
improved

Impaired near
visions

Near vision is
better

Poor bladder Bladder control is
control better

immunosuppressive neuroprotective mechanism [28]. The im-
munoregulatory properties of mesenchymal stem cells (MSCs)
efficiently intervene with the autoimmune attack in the course
of EAE [29]. These stem cells stimulated functional restoration
by rebuilding neural circuits, remyelinating axons, and increas-
ing plasticity or axon regeneration [30].

There have been contrasting results regarding successful xe-
nogeneic engraftment of hESC-derived OPCs. Some studies
suggested that hESC derived OPCs were successfully engraft-
ed and resulted in recovery in animal models [31,32], where-
as other stated that allogenic OPCs were rejected and failed to
remyelinate [33,34]. In addition, hESCs are known to possess
low levels of major histocompatibility (MHC) antigens, thus
even a single difference in MHC antigens between donor and
recipient can result in graft rejection [35]. The hESC cell line
used in our study has not shown any graft rejection to date,
as the cell line was isolated from a single fertilized ovum af-
ter 24-48 hours of fertilization, at which time the cells had
not acquired any antigenic properties [23].

Previous studies have provided evidence for the communica-
tion between stem cells and injured cells, and their homing to

the affected/injured region [36]. These studies laid the foun-
dation for therapeutic use of hESCs in a variety of neurologi-
cal disorders. The author assumed that the hESCs used in our
study also rely on a same mechanism of action. The hESCs
transplanted in our study had a very small size (<1 pm) which
facilitated their permeation across parenchyma and migration
towards the damaged area thereby replacing the damaged
cell. The cytokines, growth factors, and chemokines secreted
from the affected/injured region have been shown to com-
municate with the stem cells injected in the body [37]. There
were limitations to this study. The patients came to our facil-
ity after being previously diagnosed with MS and LD by other
investigators. We could only perform MRI for these patients,
which is not a definitive way to reach to a definitive diagno-
sis. Future studies that include a robust study design and de-
finitive diagnosis may be helpful.

Conclusions

This study found that hESC therapy was effective and safe
for the treatment of patients with both MS and LD. However,
more well-designed clinical trials and follow-up studies are
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needed to prove the long-term efficacy and safety of hESCs
in the treatment of patients with MS and LD.
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