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Abstract: Background: Spinal cord injuries (SCI) often lead to devastating loss of neurological functions. Among other
therapeutic methods, acupuncture is applied to support recovery. In former studies with healthy volunteers, we
demonstrated an acupuncture-induced mobilization of potential neuroprogenitors. We hypothesized that this might also
occur in patients with SCI and thereby improve regeneration. Methods: Four patients with SCI were acupunctured 15 times
over a period of eight weeks. Before and after each acupuncture, CD133"34" cells were determined as potential
neuroprogenitors by flow cytometry. By means of Elisa, we measured matrix metalloproteinase 9 (MMP-9), which is
suggested to be involved in the mobilization of progenitor cells, and brain-derived neurotrophic factor (BDNF), a
neurotrophin regulating neurogenesis. Patients’ motor and sensory functions were determined by American Spinal Injury
Association Impairment Scale (AIS), and the quality of life was assessed using short form (SF)-36. Results: We observed
that the number of potential neuroprogenitors increased gradually in peripheral blood over the eight weeks’ course of
acupuncture treatment with a concomitant increase of MMP-9 and decrease in BDNF (p<0.05). Patients felt an improved
sensory function and showed a positive perception of acupuncture treatment, while no clear changes in motor function were
documented. Conclusion: Our results suggest that acupuncture induces the mobilization of potential neuroprogenitors in
SCI patients, improvement of subjective sensory function and a better quality of life. Whether and to what extent
acupuncture supports regeneration needs to be verified in future studies. Study registration: ISRCTN, ISRCTN71857369,
retrospectively registered 18 February 2019, http://www.isrctn.com/ISRCTN71857369).
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1. Introduction

Spinal cord injury (SCI) causes damage of neurological
structures leading to loss of sensory and motor functions, with
most patients experiencing para- or tetraplegia and multiple
comorbidities [1]. Treatment options comprise surgery,
medication, physical therapy and supportive treatment [2, 3].
Clinical recovery is, however, often limited.

New therapeutic approaches included the autograft of
cultured neural cells from the olfactory nerve or bone marrow
cells, which influenced the motor and sensory function in SCI

patients after one to three months without adverse events [4, 5].

In animals, electroacupuncture improved the differentiation of
transplanted bone marrow stroma cells into neural cells [6]
and facilitated the engraftment of a transplanted neural stem
cell network [7]; recently, downregulation of proapoptotic
signals and upregulation of anti-apoptotic proteins were
identified [8]. Moreover, neuroregeneration could occur on a
basic cellular level.

We previously reported that CD133'CD34" cells were
mobilized, while brain-derived neurotrophic factor (BDNF)
and matrix metalloproteinase (MMP)-9 concentrations
decreased 48 hours following acupuncture of healthy
volunteers [9]. CD133, a highly conserved transmembrane
glycoprotein, is described as a marker for multipotent neural
stem cells [10]. CD133" cells have the capacity to differentiate
in vitro into motor neuron-like cells [11], and CD133"CD34
cells seem to have neurogenic potential, as we had assessed
their neural differentiability in tissue cultures [12].

Reasons for (neural) stem cell mobilization could be the
induction of potential mobilization factors. MMP-9, for

example, independently promotes the trafficking of myeloid
stem cells and supports the functional recovery in the late
stage of SCI [13-15]. As a more neurorelated factor does
BDNF promote the homing and survival of bone marrow
stroma cells to the spinal cord, induce the development of a
neural phenotype and can significantly improve locomotor
function in adult rat SCI models [16, 17].

Therefore, we hypothesized that acupuncture may have a
positive effect on the mobilization and differentiation of stem
cells in the peripheral blood of SCI patients. In fact, we
previously demonstrated neuro-differentiability of peripheral
blood cells from acupunctured SCI patients using confocal
microscopy [12]. To underline our hypothesis we determined
the increase of CD133°CD34 cells in peripheral blood before
and after acupuncture as well as levels of MMP-9 and BDNF
in four SCI patients with impairment scale grade A.
Additionally, clinical changes in motor and sensory function
as well as the quality of life before and after the treatment
period were assessed.

This pilot study was retrospectively registered at ISRCTN on
February 18", 2019, http://www.isrctn.com/ISRCTN71857369.

2. Methods
2.1. Study Participants

Individuals at the age of 24 to 45 years with American
Spinal Injury Association (ASIA) Impairment Scale grade
(AIS) A were included in this study after informed consent.
The duration from the date of the spinal cord injury to the
beginning of the study ranged from 20 to 75 weeks (Table 1).

Table 1. Patients’ characteristics.

Patient Age Lesion Duration of SCI (months) ASIA Score Complications during the study period
I 24 TH8 6 A none

1T 45 TH1 18 A coryza

I 37 C5 6 A diarrhea, urinary tract infection

v 29 C4 8 A urinary tract infection

Exclusion criteria were need for mechanical ventilation,
history of stroke, transient ischemic attack, epilepsy,
Parkinson’s disease, multiple sclerosis, bleeding diathesis,
cardiovascular diseases, severe diabetes, fever, chronic
diarrhea, or severe mental disorders during the preceding six
months. In total, four male outpatients of the Klinikum Hohe
Warte Bayreuth with traumatic SCI were included.

The study was reviewed and approved by the Ethical
Committee of the Bavarian Medical Chamber 7/08111 and the
Ethical Committee of the Charité — Universititsmedizin
Berlin EA2/095/07. In sight of previous results on healthy
volunteers, the patient number of n=4 was calculated to be of
statistical significance by members of the Institute for
Biostatistics, Charité — Universitdtsmedizin Berlin.

2.2. Acupuncture Treatment

Four patients with SCI underwent traditional Chinese
whole-body acupuncture carried out by a medical doctor and
licensed acupuncturist, practicing acupuncture for 15 years.
As previously reported [9], 11 points were selected according
to acupuncture studies on spinal cord injury. The points were
chosen to strengthen Governor Vessel: GV20, GV14, GV4,
and LI4, SI3, BL23, BL 62 on both sides (Figure 1). Treatment
regimen consisted of 15 treatments with two sessions per
week. Medication and physiotherapy as prescribed since the
event of spinal cord injury were continued during the study
period. Patient II and Patient III experienced a gap of one
week, both due to urinary tract infections.
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Blood was drawn for further analyses within ten minutes
before and after each treatment using vacutainer systems
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Figure 1. A, B: Scheme of the eleven acupuncture points. Lateral (4) and dorsal view (B)

2.3. Blood Analyses and Flow Cytometry

Differential blood counts were determined in EDTA by an
automated analyzer (XE2100; Sysmex, Kobe, Japan).
Peripheral blood cells were directly stained for CD133
(Miltenyi-Biotech, Bergisch-Gladbach, Germany), CD34 or
CD45 and CD4 (all BD Pharmingen, San Diego, USA) using
previously published protocols on a dual platform [9, 18].
These cells were also directly stained for CDI133
(Miltenyi-Biotech,  Bergisch-Gladbach, = Germany) in
combination with CD34, CD45, CD4 (all BD Pharmingen,
San Diego, USA) and counted on the FC-500 (Beckman-
Coulter, Coulter Corporation, USA).

2.4. Determination of Potential Mobilization Factors

Serum concentrations of MMP-9 were analyzed by
enzyme-linked immunosorbent assays according to
manufacturer’s instructions (DRG instruments, Marburg,
Germany). Briefly, thawed serum samples were added (100ul
per well), and blank wells filled with reagents in the absence
of serum were used as controls. Serum BDNF levels were
determined as described previously [19, 20].

2.5. Clinical Classification and Health Survey

Each patient received 15 acupuncture sessions within a
period of eight weeks. Prior to and following the final
treatment, each patient underwent neurological classification
according to AIS criteria [21]. Classifications were
determined by four different experienced examiners, who
remained the same for each patient before and after
acupuncture treatments. Pinprick for pain sensation and light
touch were performed with a sterile pin or cotton wool.

The short-form health survey (SF-36) was performed prior
to the first and after the final acupuncture treatment to evaluate

quality of life. SF-36 is a set of generic, coherent, and easily
administered quality-of-life metrics and relies on patient
self-reports. The 36-item questionnaire is divided into eight
subscales [22]. Physical component summary and mental
component summary scores were calculated by norming
subscale scores against population scores obtained from a
normative German and US dataset (German and US
authorities). Normed subscale results were then weighted
appropriately to calculate score totals.

2.6. Statistical Analyses

Means, standard deviations, and t-tests were performed by
Microsoft Excel 2000. P values were also determined by
ANOVA test for paired samples on PASW Statistics 18.
Pearson’s and Spearman’s correlation coefficients were
determined.

3. Results

3.1. Rise of CD133"CD34 Cells and Mobilization Factors
Due to Acupuncture

The frequencies and absolute numbers of CD133'CD34
cells in peripheral blood increased gradually during the eight
weeks-period of acupuncture treatment (Figure 2 A and B)
until they were twice as high as at baseline (0.47+0.13 versus
0.24+0.09, F= 9.02, p=0.023, Supplementary Table).
Increases began to be significant on day 42 (F=16.4, p=0.007,
indicated by asterisks *). The expression of CD34
(hematopoietic and endothelial stem cell marker), however,
remained negative, indicating the mobilization of a
non-hematopoietic cell type in peripheral blood. No
significant differences were observed before and after
acupuncture treatments in the expression of CD4 (marker for
T-helper cells) and CD45 (marker for leukocytes, not shown).
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Figure 2. A-D. CD133 expression in all four patients before (4) and after acupuncture (B), serum concentrations of MMP-9 (C) and BDNF (D), mean+SD before

(open circles) and after acupuncture (closed circles).

The concentration of serum MMP-9 (Figure 2 C) increased
gradually to 1.5 times the baseline value (equivalent to 100%)
before the first acupuncture (88.8+7.1 ng/ml versus 57.7+15.8
ng/ml, F= 12.2, p=0.014). Except at four time points serum

MMP-9 concentrations were higher after each acupuncture
than before. Changes of CD133°CD34" cells significantly
correlated with the increases of MMP-9 after four treatments
(r=-0.997, p=0.003, Table 2).

Table 2. Potential neuroprogenitors (PNP) in peripheral blood and serum levels of MMP-9 and BDNF before and after acupuncture.

PNP MMP-9 (ng/ml) BDNF (ng/ml)

Treatment  Time (days) Before After Before After Before After
1 baseline 0.24+0.09 0.23+0.13 57.74+15.82 58.43+10.03 4.17+1.39 4.30+1.82
2 3 0.24+0.04 0.25+0.05 58.924+24.85 75.30+20.03 2.91+0.92* 3.52+1.38
3 7 0.37+0.12 0.31£0.17 54.94+29.42 66.90+27.12 3.11£0.54 3.16+0.88
4 10 0.33+0.10 0.39+0.25 70.04+24.81 75.42+27.05 2.04+0.68* 3.2242.14
5 14 0.36+0.20 0.31+0.19 74.48+22.28 69.52+22.36 3.18+0.91 3.59+1.49
6 17 0.26+0.14 0.34+0.16 64.27+23.36 74.23+19.77 2.98+0.77 3.19+1.66
7 21 0.25+0.13 0.28+0.18 81.53+29.76 78.63+25.95 3.44+0.60 3.31+0.55
8 24 0.29+0.19 0.35+0.21 62.54+24.64 66.37+29.71 3.67+0.69 3.60+0.90
9 28 0.32+0.24 0.32+0.23 85.15+£30.74 82.21+£24.05 4.11£2.02 4.77£1.93
10 31 0.36+0.22 0.36+0.18 74.14+10.29 88.84+8.15%* 3.75+0.72 3.99+1.42
11 35 0.37+0.17 0.39+0.13 79.47+13.71 89.26+17.35% 3.74+2.85 4.374+2.62
12 38 0.35+0.18 0.27+0.14 87.10+£36.68 90.50+34.03 2.98+0.89 4.6+2.31
13 42 0.47+0.07* 0.48+0.08* 82.28+29.24 77.31£12.56 3.79+£2.35 4.38+2.69
14 45 0.42+0.04* 0.40+0.07* 65.04+18.83 80.25+25.40 2.95+1.09 2.96+1.00
15 49 0.47+0.13%* 0.42+0.06* 69.90+15.34 85.06+22.38 3.41£0.72 3.61£0.67
16A 0.24 0.40 79.91 47.42 1.00 2.39

Average 0.34+0.15 0.34+0.15 71.31+£23.42 76.73+£22.04# 3.31+1.30 3.75+1.59#

The frequency of potential neuroporgenitors (PNP) was significantly higher on days 42, 45 and 49, and was accompanied by increases of MMP-9 concentration.
The serum level of BDNF decreased significantly on day 3 and 10 compared with baseline. MMP, matrix metalloproteinase. BDNF, brain-derived neurotrophic

factor.

Mean results +SD of four patients per time point before and after each acupuncture treatment. Statistics: student’s paired t-test, ANOVA.
* significant difference (p<0.05) compared with baseline before the first acupuncture. F values of significant changes (p<0.05) compared to baseline are
mentioned in the last column (before/after acupuncture).
# significant difference (p<0.05) between values before and after acupuncture (F= 91.729 in MMP-9, F= 2.786 in BDNF).
A Patient I returned for a new treatment circle 5 months after the 15 acupuncture and donated blood for the 16™ analysis.
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Serum BDNF levels remained stable during the period of
treatment. At some points of time, slight decreases were
measured after acupuncture. On day 3 and 10, BDNF levels
(Figure 2 D) decreased by half compared with baseline prior to
the first treatment (2.940.92 ng/ml and 2+0.68 ng/ml versus
4.2+1.4ng/ml, F=2.3 and 7.8, p=0.019 and p=0.024, Table 2).
Plasma BDNF concentrations and BDNF contents in platelet
rich plasma did not change (data not shown).
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3.2. Clinical Changes, Mental Component Summaries and
Health Surveys

Motor changes were minimal and all four patients remained
AIS A after acupuncture treatment. Sensory scores
continuously increased after acupuncture treatment in all 4
patients (Figure 3).

PIN PRICK

before acupuncture after acupuncture

SENSORY

Figure 3. Increase of sensory scores in all four acupunctured patients.

Patient I regained sensation in two additional segments
tested by light touch and pin prick. In patient II, sensory
function widened in the chest region concerning light touch;
there were no changes in pin prick sensations. Patient III’s

sensitivity of the dorsal part of the right leg intensified in both,
light touch and pin prick. Sensory scores of patient IV were
ambiguous. Light touch sensation deteriorated in the chest
region in segment Th1, while sensitivity increased in the right
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leg. Pin prick sensations were reduced in both forearms, but
rose in the chest region. Though promising, all changes
determined were within the range of natural recovery
anticipated at the present state of disease [23].

The short-form health questionnaire (SF-36) based on US
and German collected data showed no changes in the physical
component summary if they were analyzed separately (Figure
4A).

Physical component summary based
on German authorities
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Significant changes, indicated by #, were found in the
mental component summaries in both German and US
authorities (German authorities: before 46.6+ 10.9 versus after
acupuncture 61.7£7.3, p= 0.04, F=5.3; US authorities: before
51.249.6 versus after acupuncture 64.3+4.7, p=0.01, F= 6.0,
Figure 4 B). All patients subjectively felt a positive
development after acupuncture treatments.

Physical component summary based
on US authorities
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Mental component summary based
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Figure 4. A, B. Health Survey Scores of all patients before (open columns) and after acupuncture (closed columns) of two different authorities consisting of

physical (A) and mental (B) component summaries.

4. Discussion

Besides acupuncture’s beneficial effects on neurapoptosis
[8], we found evidence that acupuncture potentially mobilizes
neuroprogenitors accompanied by increases of MMP-9, and
decreases of BDNF serum concentrations in SCI patients. We
assume that the mobilized CD133°CD34  cells migrate to the
lesioned site and differentiate into neurons or augment neural
regeneration post SCI.

4.1. Acupuncture Mobilizes Potential Neuroprogenitors

CD133, a highly conserved transmembrane glycoprotein, is
described as a marker for multipotent neural stem cells [10].
These cells have the capacity to differentiate in vitro into
motor neuron-like cells [11]. Post transplantation, peripheral
blood-derived CD133" cells were shown to mature to neurons

and restore function after injury [24, 25]. In our study,
CD133°CD34" cells gradually increased during a period of
eight weeks of acupuncture treatment. Since these cells
remained CD34 negative throughout the study and could be
differentiated into neuron-like cells ex vivo [12], we exclude
an endothelial or hematopoietic origin, but rather presume
their neurogenic potential.

4.2. Acupuncture Increases Serum MMP-9 in Patients

One potential mobilization factor for stem cells is MMP-9.
Normal serum levels of MMP-9 are usually low. A dramatic
increase of MMP-9 can be seen in glia, macrophages,
neutrophils, and vascular elements 24 hours after SCI, which
involves disruption of the blood—spinal cord barrier and
infiltration of inflammatory cells into the spinal cord [14, 26].
MMP-9 is increased in neural progenitor cells of the dentate
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gyrus in brain-ischemic animal models, indicating that
MMP-9 is involved in the neuroregenerative process [27].
MMP-9 levels decreased in acupunctured healthy volunteers
[9], but patient MMP-9 levels were higher after than before
acupuncture in our study. Since we noted a positive correlation
between MMP-9 concentration and the increase in
CD133°CD34" cells, we assume that MMP-9 induced the
mobilization of these potential neuroprogenitors.

4.3. Acupuncture Decreases Serum Concentrations of
BDNF

Another factor that probably plays an important role in
inducing spinal cord regeneration is BDNF [16]. BDNF
supports the survival and maintenance of neuronal functions
by affecting neuronal growth and synaptic connectivity as
well as cell survival an neurofilament generation [28]. High
concentration of BDNF at the lesioned site has the potential to
form a distinct neurogenic niche, which induces survival and
differentiation of neuroprogenitors possibly followed by
positive effects on functionality [17, 29]. In our study, BDNF
concentrations remained rather stable during the treatment
period. Decreases on day 3 and 10, however, were significant
compared to baseline values. In light of consistent platelet
counts, these decreases in peripheral blood might indicate
local increases at the lesioned site that could then attract
neuroprogenitors.

In Asia, acupuncture is applied regularly in neurological
diseases and injuries including SCI [30]. Recent studies
demonstrated  that acupuncture induced  rodent
neuroregeneration after brain damage and an increase in the
number of motor neurons accompanied by increased
expression of glia-derived neurotrophic factor in the spinal
cord [31, 32] and facilitated the integration of a grafted neural
network [33]. Obviously, electroacupuncture downregulates
proapoptotic signals and upregulates antiapoptotic proteins
like Bcl-2 [34]. Acupuncture also upregulated the expression
of Neurotrophin-3 and significantly reduced the expression
and activation of inflammatory factors responsible for neural
apoptosis and extent of axon loss [35-37].

4.4. Acupuncture Positively Influences Sensory and Mental
Conditions

Addressing clinical observations, the efficacy of
acupuncture in humans might be influenced by internal factors,
such as disease and emotion [38]. Changes in motor function
according to AIS were minimal in our patients and could have
been influenced by their physical or mental condition on the
day of testing; sensory scores increased continuously, and all
patients felt a positive development induced by acupuncture as
determined by SF-36. Although these clinical signs are
promising, they may very well be part of the natural recovery
seen in SCI patients at this stage of the disease [23].

5. Conclusion

In conclusion, our results indicate that acupuncture

increases the number of potential neuroprogenitors in patients
with spinal cord injuries. The rise of MMP-9 and decrease of
BDNF induced by acupuncture correlated with these cellular
changes; MMP-9 may therefore promote the migration of
CD133734" potential neuroprogenitors to the injury site.
Clinical assessments hint to an acupuncture-induced
improvement in quality of life and sensory capacities; at this
time point, however, this could also lie within the range of
spontaneous post-traumatic regeneration. Whether and to
what extent acupuncture supports clinical recovery needs to be
verified in a larger cohort and should be investigated in future
studies.
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