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ABSTRACT

Background: Amyotrophic lateral sclerosis (ALS) is a rare chronic degenerative disease. The only
approved treatment, Riluzole, is not available and is not economically affordable for most patients.
Objective: To report here a case of a pregnant woman 27 years of age with ALS, confirmed through
electromyography. After spontaneous abortion and 88 days without clinical improvement and
dependent on mechanical ventilation, treatment with autologous stem cell transplantation and
immunomodulation was decided upon for the patient.

Methods: The patient received a daily subcutaneous (s.c.) dose of 300 pg human Granulocyte-Colony
stimulating factor for a period of 3 days. Peripheral blood mononuclear cells were isolated by
leukapheresis. These cells were self-transplanted to the patient 5 cc via lumbar puncture and 5 cc
intravenously (i.v.). The immunomodulation treatment was based on the surface-fixation method.
Results: The patient remained hospitalized for an additional 249 days, at which time when she was
contrareferred to a secondary-level health institution.

Conclusion: A treatment scheme combining ASCT (Autologous Stem Cell Transplantation) and
immunomodulation, based on the surface-fixation method, could be an option to get a large period of
no progression stage in ALS.

Keywords: Amyotrophic lateral sclerosis, autologous stem cell transplantation, puerperium, surface-

fixation method.

Introduction

The Amyotrophic lateral sclerosis (ALS) incidence is of 2—
3.9 cases per 100,000 people annually.*? The main
characteristic of this disease is a selective death of motor
neurons in the brainstem, motor cortex and spinal cord. A
high genetic and phenotypic variability is inherent to this
neurodegenerative disorder. Unfortunately, in most cases
the cause cannot be determined. There are two
presentations: 1) Sporadic ALS (SALS) (~90%), and 2)
familial ALS (FALS).® According to El Escorial Criteria
(EEC),*® the criteria are grouped into categories A and B
and the firsts are needed for the diagnosis of ALS, with the
absence of the seconds (Table 1).5

Currently, the cure for ALS is far from being achieved in
the near future. The only approved treatment is Riluzole,
registered in 1995 by the U.S. Food and Drug
Administration (FDA), exerting a moderate effect on the
disease process, increasing the patient’s life span by 2-3
months on average.”®

Stem cell therapy, included in recent years as an alternative
to restore the correct cellular function in several diseases,

also adds the possibility of using this technique in
neurodegenerative disorders.®'® This procedure aimed to
get the cell replacement keeping on the functions, searches
for other options of recovery, such as, the extracellular
motor neuronal environment modification by means of a
trophic and neuroprotective effect.'!

To suppress the neurotoxic state and at the same time retain
and promote protective functions, immunotherapies could
represent a new strategy to treat ALS. Specifically,
increasing regulatory T-lymphocyte levels in patients with
ALS in early stages of the natural history of the disease
could be of therapeutic utility.? In line with the earlier
information, in the 1950s, Ruiz-Castafieda developed the
surface-fixation method, demonstrating the antigen-
antibody union.’® This method was then employed to
produce a personalized immunogenic component in a
diverse range of diseases.416

Antigen surface fixation method

Briefly, the test is performed on the surface of filter paper
and is submitted to the washing effect of a stream of
isotonic NaCl solution. While normal serum is washed
together with the antigen, the immune serum produces the

Page 140 of 6



Page 141 of 6

antigen fixation to the paper at the site it was deposited.
This test was first performed on a slide. A 3 mm wire loop
of antigen is mixed with the whole blood taken with a 2
mm loop. The mixture is rotated in to promote the
agglutinated antigen margination. In about 1 or 2 min, a
thick blue ring is formed and surrounds the red cells which
have separated from the antigen. In negative reactions, the
mixture remains a uniform greenish color often surrounded
by a reddish ring formed by marginated cells.*®

The antigen surface method for a urine sample can be
performed as follows: In a bottle of 1 L, 250 mL of 96°
ethanol is added, then the first morning urine of three
consecutive days is collected there.?” (Figure 1).

From the treated urine a precipitate is obtained, which after
24 to 48 hours can be concentrated by centrifugation. The
pellet is treated with a volume of between 5 and 10 mL of
saline solution, and after three dilutions one obtains the
final concentration to impregnate the paper. The filter paper
is treated with bromophenol for one minute, acid alcohol
and water.!® The dye is a 0.2% solution of bromophenol,
and the fixative solution has 50% ethyl alcohol and 10%
acetic acid. At least two strips of filter paper dried on the
stove can be impregnated with the problem urine. From a
volume of 500 mL of urine, 1 or 2 grams of wet precipitate
can be obtained.

Immunodulation

The Ruiz Castafieda treatment, is based on the
immunological and inflammatory response modulation
through autologous antigens (own antigens). After the urine
antigen surface method, the antigen is titrated by surface
binding tests using the patient's serum until a satisfactory
solution is obtained which is filtered through Millipore
paper and diluted in a proportion of 2 to 5% in a saline
solution, containing as a preservative 0.5% phenol. The
solutions are distributed in sterile vials for storage at 4°C.
500 ml of urine yields an average of 200 ml of antigenic
material properly diluted, titrated and sterilized. In the
alcoholic supernatant another part of the antigen can be
recovered by evaporating it, obtaining 5 to 10 mL of
antigen, useful, if required, for serological diagnosis.t®
Once isolated, the antigenic solution is administered s.c. in
the patient’s arm 2 days/weekly, increasing the dose to 10
cc per week until the final dose of 100 cc. This treatment
can be kept for 3 years but depends on the clinical response.

The self-antigens isolation with this method has been useful
to design vacuums to mitigate the immune reaction
(desensitization or hypo-sensitization), offering another
alternative to modify the immune system's response. The
principal aim of this article is to report the experience of
one ALS case treated with ASCT and immunomodulation
with the surface-fixation method. This clinical approach
was approved by the Ethics in Research Committee of the
“Monica Pretelini Saenz” Maternal-Perinatal Hospital
(HMPMPS), Health Institute of the State of Mexico
(ISEM), Toluca, Mexico.

Case Report

The Pregnant female, aged 27 years, 14 weeks of gestation.
Referred from the primary-care facility due to respiratory
compromise. Main data: native of the State of Mexico,

Mexico, evangelist, primary school, homemaker. Smoking,
alcoholism, or other addictions were denied. Menarche at
15 years, five pregnancies, three vaginal deliveries, one
abortion.

Table 1. The Escorial Criteria for Amyotrophic Lateral Sclerosis

A-criteria:

Al: Neuropathological, electrophysiological or clinical examination
that confirms degeneration of the lower motor neuron

AZ2: Degeneration of the upper motor neuron found on clinical
inspection

AZ3: Progressive damage beyond typical nerve- supply areas.

B-criteria:

B1: Electrophysiological or neuropathological findings typical for other
diseases that could explain the degeneration of the upper and
lower motor neuron

B2: Findings in imaging studies that can explain the clinical symptoms.

Diagnosis of ALS requires the taking of an extensive patient history
and a thorough clinical and electrophysiological examination. The
electrophysiological tests can demonstrate the involvement of the lower
motor neuron in affected, and frequently also in clinically not affected,
body regions. The electromyography includes the next four body
regions to be evaluated: brain stem (bulbar), cervical (neck and upper
limbs), thoracic (trunk, abdominal wall) and lumbosacral (lumbar spine
and lower limbs).

Modified from: Brooks BR, et al. (5). Updated criteria considering the
patient’s Electromyography (EMG) results (Table 2).

Table 2. Awaji-Shima Consensus Conference Recommendations
for The Application Of Electrophysiological Tests for The
Diagnosis of Amyotrophic Lateral Sclerosis

1. Principles (from Airlie House Criteria)

A) The Amyotrophic Lateral Sclerosis (ALS) diagnosis requires the

following:

1) The presence of Neuropathological, electrophysiological or
clinical data confirming Lower Motor Neuron (LMN) function
worsening

2) In the physical examination clear information of Upper Motor
Neuron (UMN) affection

3) Symptoms or signs with a progressive trend within a single region
or more than one, as proved by electrophysiological tests, clinical
history or physical exploration.

B) The absence of

1)  other disease processes that might explain the LMN and/or
UMN degeneration signs, through electrophysiological or
pathological evidence.

2)  evidence through Magnetic Resonance Image (MRI) of other
diseases that could be the cause of the clinical and
electrophysiological alterations found.

2. Diagnostic categories

o Definite ALS: positive LMN and UMN signs confirmed by clinical
or electrophysiological studies. The bulbar region and two or more
spinal regions must be affected (or three spinal regions).

e Probable ALS: LMN and UMN signs (through clinical or
electrophysiological examination) in at least two regions but always
taking into account that some UMN signs must be rostral to LMN
signs.

e Possible ALS: LMN and UMN signs in only one region; or when in
two or more regions the only signs founds are UMN; or when LMN
signs are found rostral to those of UMN. Lack of neuroimaging and
clinical laboratory studies and other diagnoses have been excluded.

Modified from Finsterer J, Stdllberger C. Apply Awaji-shima Consensus
Conference Criteria Before Diagnosing Amyotrophic Lateral Sclerosis.
Open Neurol J. 2013;7:4-6

Present disease: One year before the hospitalization, the
patient referred dorsal pain, and 6 months before
hospitalization she experienced fatigue easily and dyspnea
on medium exertion, progressing to exacerbation at rest. At
the patient’s first medical consultation, the diagnosis of
pulmonary fibrosis was considered. She arrived at the
HMPMPS with mechanical ventilation.
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Figure 1. Urine recollection process and sediment formation

On physical examination, the patient had 110/71 mmHg of
blood pressure; respiratory rate: 32 breaths per minute,
cardiac rate: 78 beats per minute, mean blood pressure: 84
mmHg and body temperature: 36.5°C. On general
inspection, the patient exhibited cachexia, with pale skin
and tegument +, with good hydration, accepting oral diet,
and with optimal uresis and evacuations. Neurological
evaluation showed Glasgow 11 (eyes = 4, verbal =

previous to the intubation, motor = 2), isochoric and normal
reflective pupils, preserved mental status as well as the
cranial nerves although the glossopharyngeal and vagus
were not evaluated due to the orotracheal tube, decreased
distal muscular strength 2/5, mainly in the right-pelvic and
the right-limb, tendon reflexes abolished the sensitivity
preserved. Cardiovascular: Carotid pulse with normal tone
and intensity, rhythmic heart sounds, with good tone and
intensity without aggregated phenomena; hemodynamically
stable. Respiratory: In mechanical ventilation support,
fraction of inspired oxygen (FiO2): 50%, bilateral basal
lung fields with hypoventilation, and saturation of
peripheral oxygen (SPO2): 99% (pulse oximetry). At
baseline, the pulmonary function test demonstrated median
Forced Vital Capacity (FVC) of 55.5% (25th and 75th
quartiles = 39.5 and 74, respectively). Digestive system:
accepting oral diet; soft abdomen, painless on palpation,
peristalsis present, slightly increased. Hepatometabolic:
capillary glucose 92 mg and 89 mg in venous sample; total
proteins: 7.4 g/dl, and albumin: 4.4 g/dl. Obstetrics and
Gynecology: external genitalia, unaltered, no hematic
losses and good uterine involution. Renal: urine volume of
3.2 ml/kg/h. The coagulation, hepatic and hematic profiles
were within normal ranges. The lumbar puncture showed
the next data: Na: 146 mmol/L (reference range: 136-145),
K: 2.5 mmol/L (reference range: 3.5-5.1), Cl: 124 mmol/L
(reference range: 98-107), lactate dehydrogenase (LDH): 21
U/L (reference range: 100-190), color: water of rock,
appearance: clear, density: 1.008, cellularity: 4 cells/fmm3,
glucose: 73 mg/dL, proteins: 26 mg/dL. In the paraclinical
studies the electrocardiogram was normal, the Magnetic
Resonance Image (MRI) was negative for any type of
lesion and the Electromyography (EMG) demonstrated the
affected neuron system (Figures 2A and 2B). At the time of
hospitalization, the patient had a score of 9 in the ALS
Functional Rating Scale (ALSFRS) [0 = worst and 40 =
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best] and of 12 in the ALS Functional Rating Scale Revised
(ALSFRS-R) [0 = worst, 48 = best].
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Figure 2. Electromyography (EMG) in A) Deltoid, and in B)
Brachiis. The test shows fibrillation potentials.

Treatment

Previously, during the patient’s hospitalization, she
developed spontaneous abortion, and it was necessary to do
the tracheostomy. After 88 days of hospitalization with an
unfavourable outcome, without the possibility of acquiring
Riluzole and with the patient’s dependence on mechanical
ventilation, treatment with Autologous Stem Cell
Transplantation (ASCT) and immunomodulation was
decided upon.

Autologous cell transplant

The patient received human  Granulocyte-Colony
Stimulating Factor (G-CSF) (Filgrastim) (Neupogen, Basel,
Switzerland) in a daily subcutaneous (s.c.) dose of 300 ug
for three days. Peripheral blood mononuclear cells (PBMC)
were isolated by leukapheresis (Amicus™-Separator,
Fenwal Inc.). This procedure lasted for 1 h. These cells
were self-transplanted to the patient, 5 cc via lumbar
puncture and 5 cc intravenously (i.v.).

Immunomodulation therapy

Following the surface-fixation method, the self-antigen
isolation and preparation was developed at the “Dr.
Maximiliano Ruiz Castafieda” Instituto de Alergias y
Autoinmunidad (IAAMRC), Acambay, State of Mexico,
Mexico. On January 27, 2012, the formula administration
began until the final dose of 100 cc.

Clinical evolution

Two weeks after ASCT, our patient exhibited fever,
suppressed successfully with metamizol and morphine i.v.
After achieving clinical stabilization, she was transferred to
the Maternal-Fetal Service, where she remained for 249
days due to her dependency on mechanical ventilation. The
patient was finally contrareferred to a secondary-level
health hospital while continuing to be dependent on
mechanical ventilation.

Discussion

In ALS, unfortunately, the leading cause of death is
respiratory failure due to progressive paralysis of the
diaphragm, and this fatal event occurs within 3—5 years of
the patient’s initial symptoms. The neurons death of the
anterior horn and the loss of motor axons explain the
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typical amplitude reduction in the muscle action
potentials.?® In the case of our patient, she was already
dependent on mechanical ventilation when she arrived at
our Hospital.

On the other hand, the EMG is a useful tool for diagnosing
ALS and excluding other pathologies, such as
neuromuscular disorders, other motor neuron diseases and
peripheral neuropathies.® In the case of our patient, there
was no doubt about the diagnosis of ALS.

Despite extensive  world research on cell
transplantation.?:?? there are some topics that must be
solved, for example, the cell type selection that would
guarantee the highest success rate for a transplant and with
important neurogenic properties. Equally important, is
choosing the technique, combined with the cell type
capable of coping with the unfavourable microenvironment
and at the same time with the ability to get the neural-tissue
restoration.

The ASCT therapeutic utility mixed with surface-fixation
method aimed to  develop a  personalized
immunomodulation was focused on two targets. First, to
prevent disability progression,?® and second, to get an
immune desensitization with the knowledge of ALS to have
a sustained unregulated immune response.?#? Among the
issues to take into account in the field of cell transplant are
1) Neuronal electrophysiology; 2) synapse formation and 3)
synergy with the host tissue of the best cell type that can
induce the desired regeneration in the safest and most
efficient way.?® Axonal regeneration and neurons
replacement is the expected challenge to reach thanks to the
neurotrophic factors.?’

In exploring clinical trials using Mesenchymal Stem Cells
(MSC), several groups worldwide have achieved promising
and interesting results, while, in another approach, it has
been tried to enhance the stem cells action to avoid
neuronal degeneration (neuroprotection theory), rather than
looking for the replacement of lost neurons.

A Phase | trial was published in 2012 by Riley and
colleagues in which neural fetal cells were implanted in 12
patients with ALS at the lumbar level. The group reported
no adverse events with the transplants, findings that are in
line with the already confirmed safety of this technique.?®
Likewise, other groups have made research with the human
fetal Spinal Cord-Derived (SCD) neural stem-cell line
biological NSI-566RSC, with proved efficacy and safety
based on preclinical studies with small-animal models of
ALS.29’30

Having a general visualization of the available information,
it is appreciated that the commented techniques and others
like them have shown encouraging results in animals, but
still limited in humans due to the scarcity of studies carried
out to date.

It has been postulated that autologous stem cells, through
complex and precise induction mechanisms, can be
successfully differentiated into mature neurons with all
their functions, for the purpose of repopulating damaged
areas. Actually, peripheral blood CD133 stem cells by a
series of complex and specific steps can be differentiated
into neurons.®* Notwithstanding, the neuroprotective
method has not been elucidated, and it is unclear whether
an efficient development of functional neurons contributes

for this rescue. On the other hand, it seems quite plausible
to think that CD133 cells neuroprotect by means of by as
yet unknown cellular mechanisms or by already identified
growth factors.

The group of Martinez et al. had attempted stem cell
transplantation for ALS in women and men®? demonstrating
that autologous CD133 stem cell transplantation into the
frontal motor cortex is a safe and well-tolerated procedure
in patients with ALS. To our knowledge, our report
comprises the first case of ASCT in the State of Mexico
(population, 16 million people).

Due to several issues, some researchers lack confidence
regarding the benefits of ASCT in patients suffering from
ALS. One of the main concerns is about the mutations
emergence possibility in some of the most susceptible
genes such as C9ORF72, FUS/TLS, SOD1, TDP-43,
UBQLN2 and VCP/p97.3® Whether this is true remains a
matter of debate.

A controversy exists about how to decide the cell-
transplantation dose and route in neurological diseases. In
cases of heterologous transplant, the most usual dose
employed is expressed in pl.3* In this initial approach,
considering a lack of possible rejection, 5 cc of
leukapheresis were injected without immediate collateral
effects, but with fever 2 weeks after the procedure, an
adverse event not registered by Martinez et al.%?

Despite the fact of the long hospital stay of our patient, it
cannot be attributed to the ASCT, as the reported survival
time after this procedure is even longer, but probably it was
documented a plateau in the state of disease progression
thanks to the immunomodulation treatment. In fact, the
survival of the patient of this report was longer than that
reported in the casuistry of Mayaux et al. with 90 patients
affected by ALS with a mortality after 3 months and one
year of 46% and 71% respectively.®® By contrast, the group
of Vianello et al. reported outstanding results after
tracheostomy in patients with ALS (median survival after
tracheostomy of 21 months).*® It is well known that
survival after tracheostomy in ALS is generally increased,
with the stronger effect in patients younger than 60% but
due to the lack of novel pharmacological options it is
mandatory to look for more alternatives.

A limitation of the tested approach is that it was not
perform a deeper study through the “omics” sciences to
characterize more precisely the isolated antibody-antigen
component in the filter paper. This is a process pending to
contribute in the analysis of the hypothetical tolerogenic
effect of the Ruiz-Castafieda method.

ALS is a tremendous challenge for medical science so more
research focused on rehabilitation and experimental
techniques of regenerative medicine is justified and
pending.383°

Conclusion

A treatment scheme combining ASCT and
immunomodulation, based on the surface-fixation method,
could be an option to get a large period of no progression
stage in ALS.
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