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ARTICLE INFO ABSTRACT

Down’s syndrome (DS) is the most common geneticaskevelopmental disorder with a presence
of extra copy of chromosome 21. The characterfstidures include facial dysmorphology, low
muscle tone and intellectual disability. Althougdifferent approaches to ameliorate the
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INTRODUCTION:

Down’s syndrome (DS) is the most common genetic
cause of intellectual disability [1, 2]. According
world health organization, the estimated prevalence
of DS is between 1 in 1000 to 1 in 1100 live births
worldwide. It is characterized by features such as
learning disabilities, craniofacial abnormalitiesda
hypotonia which are common to all affected
individuals [3, 4]. Moreover, DS is associated with
a number of other anomalies like cardiac defects,
Alzheimer’s diseases (AD) and leukemia [5]. It is
caused by trisomy of chromosome 21 [3]. The
trisomy fetuses are at increased risk of miscaegag
and other medical complications [6]. Its incideixe
influenced by maternal age and widely differs with
population [7-10]. Studies suggest that, life
expectancy could be between 10 to 56 years [5, 11,
12]. Due to recent advancement in medical science,
the life expectancy in DS has increased
dramatically. A downside to this is long term
dependency of the patient on the care giver affgcti
the quality of life of the patient as well as thare
giver. Hence, the development of treatment
strategies should focus on making the individual
functionally independent thus improving the quality
of life of the patient and the caregiver.

Previous MRI studies on DS, showed abnormalities
in frontal cortex, superior temporal cortex, fusifo
gyrus, medial temporal cortex, cingulate gyrus,
cerebellum and brainstem [13, 14, 15, 16].
Moreover, functional neuroimaging studies suggest
that abnormal connectivity, and numerous
distributed brain networks associated with distinct
functional domains in DS [17, 18]. These structural
abnormalities and abnormal connectivity may
constrain hypothesis of neurodeficits in DS.
Currently, there is no core treatment available to
reverse the neurodeficits in DS. A variety of
therapies including physical, speech-language,
occupational, emotional and behavioral intervention
have been used for the benefit of the patients.

To explore the effect of cellular therapy in DS, we
administered a 24-year-old female patient with
autologous BMMNCs, intrathecally and clinically
evaluated her at regular intervals. Positron emissi
tomography computerized tomography (PET/CT)
brain was used to monitor the changes occurring at
the cellular level.

CLINICAL PRESENTATION

Herein, we present a 24-year-old female, known
case of DS. She was a pre-term 32 weeks delivery,
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born of non-consanguineous marriage by C-section
in view of cephalopelvic disproportion. She had
delayed cry at birth and weighed 1.5 kgs. Neo-natal
complication of jaundice was reported at day 5 of
life and required NICU stay for 15 days. In additio
she was also detected with hypothyroidism. She was
diagnosed as DS at the time of birth due to the
typical facial characteristics. She has a familial
history of DS, as her mother’s paternal cousin was
also affected. All her motor milestones were detaye
by few months. She started walking at the age of 3
years and started speaking monosyllables by the age
of 4 years. She started special schooling at tlee ag
of 6 years. Currently, she could read English
alphabets with difficulty, but could write and read
sentences in her mother tongue. She could also
perform simple mathematical problems but was
poor in recognizing colors, shapes, time and money.
She was on medication, since birth for
hypothyroidism. There was no history of seizures
noted.

On clinical assessment, she was found to have poor
command following, poor memory, age
inappropriate behavior, lack of awareness and
judgment skills, occasional laughing without regson
deficit in social interaction, sensory issues, pneg

of rocking, grimacing, and unclear speech. She
showed lack of interest in learning new tasks and
activities, poor in academic and visual perception
skills, and poor sitting tolerance. She was paytial
dependent for the activities of daily living.
Moreover, she didn't participate in doing any
household chores. Her Functional Independence
Measure (FIM) score during the time of admission
was 60.

EEG, Brain MRI and PET/CT brain scan was
performed as a part of pre-operative investigation
protocol. EEG showed normal pattern during awake
state with absence of epileptic activity. MRI
revealed gliotic changes in the right posterior
temporal cortex with absence of significant
abnormality in cerebral hemisphere, brain stem and
cerebellum as shown in Fig 1. No abnormalities
were localized in the ventricular system, cortical
sulci, basal cisterns. No mid-line shift and cetialoe
fissures or focal lesion were noticed. Brain PET/CT
showed severe hypometabolism in bilateral
cerebellum, and medial temporal cortex with
minimal reduction in orbitofrontal cortex and
anterior cingulate cortex
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MATERIALS AND METHODS

Patient selection was based on World Medical
Associations Helsinki declaration [21]. The
complete protocol has been reviewed and approved
by the Institutional committee for Stem-cell
Research and Therapy (IC-SCRT). The parents were
informed about the procedure and a duly filled
informed consent form was obtained from them.
Patient underwent autologous BMMNC
transplantation after pre-investigation protoc@03
mcg of G-CSF injections were administrated 72
hours and 24 hours before stem-cell transplantation
to stimulate CD34+ cells and increase their sutviva
and multiplication [22]. Bone marrow was aspirated
from the iliac crest in the operation theatre with
aseptic precautions. Mononuclear cells (MNCs)
were separated using density gradient separation
method. The viable count was performed using
trypan blue dye and was found to be 96%. The
MNCs were checked for CD34+ by FACS analysis
and the count was found to be 6.30%.
Approximately 1.45 x 19MNCs were immediately
injected intrathecally at L4-L5 level using a lumba
puncture needle.

The patient was given a personalized rehabilitation
therapy as a part of the protocol which included
behavioral therapy, occupational therapy, speech
therapy, psychological intervention and special
education. She was followed up at 4 months, 7
months and 1 year. A comparative PET/CT Brain
was performed 1 year after cellular therapy.

The second dose of -cellular therapy was
administered after one year. The purified
mononuclear cells were found to have a viability of
97 %. During the procedure a total of 1.46 ¥ 10
MNCs were injected with CD34+ cell count of
3.44%. Eight months after the second dose, a
comparative PET/CT Brain was performed again.
RESULTS

No adverse events were recorded throughout the
duration of follow-up. At follow-up of 4 months, sh
showed improvement in following three step
commands, awareness, judgment, play behavior,
identification of the colors and clarity of speeShe

had started to do all the household chores, when

[ 283 )

B itish Journal of Bio-Medical Researct Vol.02, Issue 02, Pg.281-288, March -April 2018y

instructed and could perform her toilet activities
independently. Moreover, she showed interest in
learning new activities and tasks.

During 7-month follow-up, she showed further
improvement in cognition, problem solving and
command following. She showed improvement in
sitting tolerance, identifying and recognizing shap
and color, right and left side discrimination, figu
ground perception and fine motor skills. Besides,
she showed improvement in academic learning and
visual perceptional skills. Aggressive behavior and
sensory issues reduced significantly. FIM score
improved from 60 to 64.

At follow-up after one year, all the improvements
sustained. She showed improvement in attention,
command following, identification of colors, object
and shapes and attentive to the surrounding. She
could do all household chores including serving
food, chopping vegetables, etc. She could perform
mathematical calculation and started showing
interest in singing and dancing. Her FIM score
further improved from 60 to 91. She was
independent for the activities of daily living.
Comparative PET/CT scan was performed after 1
year to assess the outcome of intervention on the
metabolic activity of the brain. As compared to
previous PET/CT scan before cellular therapy, post
PET/CT scan revealed improved brain activity in
bilateral anterior cingulate, prefrontal cortex,dia
temporal cortex and cerebellum. (Fig. 2).

In view of functional and clinical improvements
seen, a second dose of stem cell was administered
after 1-year. At eight months follow-up after the
second dose, she showed further improvements in
awareness, social judgment, speech and attention.
She could now remember songs which she learnt at
her music class and also initiate social interastio
She was receptive to primary emotions. Her FIM
score further improved from 91 to 94.

A Comparative PET/CT scan was performed again
after eight months of the second transplantatian. A
compared to previous PET/CT scans, it showed
further improvement in brain activity of bilateral
anterior cingulate, prefrontal cortex, medial
temporal cortex and cerebellum.
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Fig. 1. Representative Transaxial T2-Flair and T2- weighted sequences of MR brain

sections of DS patient.Gliotic changes are seen in the right Posterior temporal cortex

Fig. 2. Representation of Axial, coronal and sagittal slice of F-FDG-PET image of the

patient with DS. (Top row) PET image before stem cell therapy, (Middlerow) PET image

after one year following cell therapy and (Bottom row) PET image after twenty months

of stem cell therapy, showing improved brain activity in bilateral Anterior cingulate

cortex (ACC), Medial temporal cortex (MT) and Cerebellum (C) as compared with the

previous PET image. The arrow head indicates the regions of interest.

DISCUSSION

Down’s syndrome is the trisomy of chromosome 21
and most commonly identified genetic form of
Intellectual disability. The additional copy of
chromosome 21 elevates the expression of many
genes encoded on this chromosome [23, 24]. This
elevated expression of genes causes imbalance
between chromosome 21 and other genes have been
proposed to cause the phenotypic alterations in DS
[23, 24].

Neuropathological studies showed delayed and
disorganized cortical lamination; fewer synapses;
smaller hippocampal dentate gyrus and lower
number of granule, Purkinje cells and cerebellar
granule cell density. Moreover, animal models on
DS had documented the excessive inhibition and
alteration of synaptic transmission; microglial
activation; increased levels of proinflammatory
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cytokines and impairment of synaptic plasticity in
cholinergic interneurons [25-36].

In addition, neuromorphological studies on DS show
increased parahippocampal volume and decreased
frontal, amygdala, prefrontal, posterior cingulate,
hippocampal and cerebellar volume as compared to
age matched controls [27, 37, 38]. It had been
hypothesized that, extra copy of chromosome 21 in
DS delays the mitotic cell cycle of neuronal
precursors, there by affecting neurogenesis in DG
and lateral ventricle [39, 40]. Alterations in seale
neurotransmitters and receptors such as GABA,
Excitatory transmitters, Neurotrophins, Dopamine,
histamine have been reported in animal models of
DS [41-45]. These impairments are responsible for
the defects in behavior, cognition and memory in
DS.
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The discovery of the therapeutic potential of stem
cells provide a new outlook for the treatment of
incurable neurological disorders [46-49]. Stem<ell
can differentiate into variety of highly specialize
cells and maintain homeostasis in physiological and
pathological conditions. They are a mixture ofell
which includes hematopoietic stem cells, MSCs,
tissue specific progenitor cells and stromal cell.
These cells have a tendency to migrate and provide
trophic support to stimulate self-repair systenmehsu
as endogenous neurogenesis, angiogenesis and
synaptogenesis [50-52]. Beside trophic factors,
these cells also release exosomes to deliver
functional proteins and microRNAs to neuronal
cells [53]. Additionally, these cells also reduce
inflammation and enhance recovery process [54].
These cells rescue purkinje cells and inhibit
microglia proliferation in central nervous system
[55, 56]. These repaired neurons may enhance
processing of neuronal information and contribate t
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the functional improvement of the patient. These
distinct characteristics of stem cells may induce
functional recovery in DS.

This case of DS showed significant improvement
clinically and functionally, following two doses of
autologous BMMNC transplantation. The
functional changes in the brain were monitored
using PET/CT scan where 2-deoxy-2-[fluorine-18]
fluoro-D-glucose F-FDG) was used as a tracer for
measuring the synaptic activity. PET/CT performed
after one year and twenty months showed significant
improvement in brain activity as compared to
PET/CT performed before transplantation. The
regional correlation between associated brain
regions and clinical improvements are shown in
Table 1. All the regions have led to the functional
independence of the patient. Improvement seen in
functional independence of the patient was also
indicated by improved FIM score after first (60 to
91) and second transplantation (91-94).

Table 1. Regional correlation between associated brain regions showing improved activity on PET/CT and

clinical improvements

Brain regions showing improved activity
on PET/CT

Clinical improvements

Cingulate cortex and cerebellum

Cognitive behavmgblem solving, decision making and
moderating social behavior

Medial temporal cortex and thalamus

Ability to iti®ncolors, objects and shapes
Alertness

Autologous BMMNC transplantation does not
repair the genetic defect or alter the genetic make
up in DS, but it indeed repairs the neurological
deficits caused by the genetic impairment. It works
synergistically with other standard rehabilitation
therapies to restore the lost functions. Therefitre,
helps to make the individuals with DS functionally
independent and allow their amalgamation into the
outside world. This also reduces the burden on the
caregivers.

Cell therapy has opened new avenues for therapeutic
applications in DS. To our knowledge, this is ohe o
the initial studies demonstrating the efficacy ell ¢
therapy in DS. Though, this is a single case study
directs towards the potential of resolving
neurodeficits in DS. It is a safe, feasible and a
promising approach to improve the quality of life.
However, extensive studies are warranted to
elucidate the mechanisms in future to establish its
therapeutic potency in DS.

[ 285

REFERENCES

1.Gardiner, K.J., Molecular basis of
pharmacotherapies for cognition in Down
syndrome. Trends in pharmacological sciences,
2010. 31(2): p. 66-73.

2.Lana-Elola, E., et al., Down syndrome:
searching for the genetic culprits. Disease
models & mechanisms, 2011. 4(5): p. 586-595.

3.Hassold, T., et al, Human aneuploidy:
incidence, origin, and etiology. Environmental
and molecular mutagenesis, 1996. 28(3): p.
167-175.

4. Antonarakis, S.E., et al., Chromosome 21 and
down syndrome: from genomics to
pathophysiology. Nature reviews. Genetics,
2004. 5(10): p. 725.

5.Strauss, D. and R.K. Eyman, Mortality of
people with mental retardation in California
with and without Down syndrome, 1986-1991.
AJMR-American  Journal on Mental
Retardation, 1996. 100(6): p. 643-653.

]




B itish Journal of Bio-Medical Researct Vol.02, Issue 02, Pg.281-288, March -April 2018y

6. Morris, J.K., N. Wald, and H. Watt, Fetal loss

in Down syndrome pregnancies. Prenatal

diagnosis, 1999. 19(2): p. 142-145.

7.O'nuallain, S., et al., The prevalence of Down

syndrome in County Galway. Irish medical
journal, 2007. 100(1): p. 329-331.

8. Carothers, A.D., C.A. Hecht, and E.B. Hook,

International variation in reported livebirth
prevalence rates of Down syndrome, adjusted
for maternal age. Journal of medical genetics,
1999. 36(5): p. 386-393.

9. Canfield, M.A., et al., National estimates and

10.

11.

12.

13.

14.

15.

16.

17.

18.

race/ethniespecific variation of selected birth
defects in the United States, 1999-2001. Birth
Defects Research Part A: Clinical and
Molecular Teratology, 2006. 76(11): p. 747-
756.

Wahab, A.A., A. Bener, and A.S. Teebi, The
incidence patterns of Down syndrome in Qatar.
Clinical genetics, 2006. 69(4): p. 360-362.

Day, S.M., et al., Mortality and causes of Heat
in persons with Down syndrome in California.
Developmental medicine and child neurology,
2005. 47(3): p. 171-176.

Singer, R.B. and D. Straus, Comparative
mortality in mentally retarded patients in
California, with and without Down's syndrome,
1986-1991. JOURNAL OF INSURANCE
MEDICINE-NEW YORK-, 1997. 29: p. 172-
184.

Aylward, E.H., et al., MRI volumes of the
hippocampus and amygdala in adults with
Down’s syndrome with and without dementia.
American Journal of Psychiatry, 1999. 156(4):
p. 564-568.

Kesslak, J., et al., Magnetic resonance imaging
analysis of ageelated changes in the brains of
individuals with Down's syndrome. Neurology,
1994. 44(6): p. 1039-1039.

White, N.S., M.T. Alkire, and R.J. Haier, A
voxel-based morphometric study  of
nondemented adults with Down Syndrome.
Neuroimage, 2003. 20(1): p. 393-403.
Menghini, D., F. Costanzo, and S. Vicari,
Relationship between brain and cognitive

processes in Down syndrome. Behavior
genetics, 2011. 41(3): p. 381-393.
Anderson, J.S., et al., Abnormal brain

synchrony in Down syndrome. Neurolmage:
Clinical, 2013. 2: p. 703-715.

Yeo, B.T., et al., The organization of the huma
cerebral cortex estimated by intrinsic functional

\

[ 286 )

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

connectivity. Journal of neurophysiology, 2011.
106(3): p. 1125-1165.

Shapshak, P., Molecule of the month: miRNA
and Down's syndrome. Bioinformation, 2013.
9(15): p. 752.

Baas, T., Chromosome shutdown. SciBX, 2013.
6(31): p. 815.

Association, G.A.0.tW.M., World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving
human subjects. The Journal of the American
College of Dentists, 2014. 81(3): p. 14.

Yoon, S.H., et al., Complete spinal cord injury
treatment using autologous bone marrow cell
transplantation and bone marrow stimulation
with granulocyte macrophagmlony
stimulating factor: phase I/1l clinical trial. Stem
cells, 2007. 25(8): p. 2066-2073.

Prandini, P., et al., Natural gene-expression
variation in Down syndrome modulates the
outcome of gene-dosage imbalance. The
American Journal of Human Genetics, 2007.
81(2): p. 252-263.

Sultan, M., et al., Gene expression variation i
Down's syndrome mice allows prioritization of
candidate genes. Genome biology, 2007. 8(5):
p. R91.

Golden, J.A. and B.T. Hyman, Development of
the superior temporal neocortex is anomalous in
trisomy 21. Journal of Neuropathology &
Experimental Neurology, 1994. 53(5): p. 513-
520.

Sylvester, P., The hippocampus in Down's
syndrome. Journal of Intellectual Disability
Research, 1983. 27(3): p. 227-236.

Aylward, E.H., et al., Cerebellar volume in
adults with Down syndrome. Archives of
Neurology, 1997. 54(2): p. 209-212.

Vicari, S. and G.A. Carlesimo, Short-term
memory deficits are not uniform in Down and
Williams syndromes. Neuropsychology review,
2006. 16(2): p. 87-94.

Reeves, R.H., et al., A mouse model for Down
syndrome exhibits learning and behaviour
deficits. Nature genetics, 1995. 11(2): p. 177-
184,

Belichenko, P.V., et al.,, Synaptic structural
abnormalities in the Ts65Dn mouse model of
Down Syndrome. Journal of Comparative
Neurology, 2004. 480(3): p. 281-298.

Ishihara, K., et al., Enlarged brain ventricled
impaired neurogenesis in the Ts1Cje and

J



B itish Journal of Bio-Medical Researct Vol.02, Issue 02, Pg.281-288, March -April 2018y

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ts2Cje mouse models of Down syndrome.
Cerebral cortex, 2009. 20(5): p. 1131-1143.
Olson, L., et al., Down syndrome mouse models
Ts65Dn, Ts1Cje, and Ms1Cje/Ts65Dn exhibit
variable severity of cerebellar phenotypes.
Developmental dynamics, 2004. 230(3): p. 581-
589.

Roper, R.J., et al., Defective cerebellar raspo
to mitogenic Hedgehog signaling in Down's
syndrome mice. Proceedings of the National
Academy of Sciences, 2006. 103(5): p. 1452-
1456.

Contestabile, A., et al., Widespread impairment
of cell proliferation in the neonate Ts65Dn
mouse, a model for Down syndrome. Cell
proliferation, 2009. 42(2): p. 171-181.

Griffin, W., et al., Brain interleukin 1 and180
immunoreactivity are elevated in Down
syndrome and Alzheimer disease. Proceedings
of the National Academy of Sciences, 1989.
86(19): p. 7611-7615.

Wenk, G.L., et al., Mechanisms to prevent the
toxicity of chronic neuroinflammation on
forebrain cholinergic neurons. European
journal of pharmacology, 2000. 402(1): p. 77-
85.

Dierssen, M., Down syndrome: the brain in
trisomic mode. Nature reviews. Neuroscience,
2012. 13(12): p. 844.

Jernigan, T.L., et al.,, Cerebral morphologic
distinctions between Williams and Down
syndromes. Archives of Neurology, 1993.
50(2): p. 186-191.

Contestabile, A., et al., Cell cycle alteratiom
decreased cell proliferation in the hippocampal
dentate gyrus and in the neocortical germinal
matrix of fetuses with Down syndrome and in
Ts65Dn mice. Hippocampus, 2007. 17(8): p.
665-678.

Chakrabarti, L., Z. Galdzicki, and T.F. Haydar,
Defects in embryonic neurogenesis and initial
synapse formation in the forebrain of the
Ts65Dn mouse model of Down syndrome.
Journal of Neuroscience, 2007. 27(43): p.
11483-11495.

Godridge, H., et al, Alzheimer-like
neurotransmitter deficits in adult Down9s
syndrome brain tissue. Journal of Neurology,
Neurosurgery & Psychiatry, 1987. 50(6): p.
775-778.

Risser, D., et al., Excitatory amino acids and
monoamines in parahippocampal gyrus and

\

[ 287 )

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

frontal cortical pole of adults with Down
syndrome. Life sciences, 1997. 60(15): p. 1231-
1237.

Whittle, N., et al., Fetal Down syndrome brains
exhibit aberrant levels of neurotransmitters
critical for normal brain development.
Pediatrics, 2007. 120(6): p. €1465-e1471.
Schneider, C., et al., Similar deficits of eaht
histaminergic system in patients with Down
syndrome and Alzheimer disease. Neuroscience
letters, 1997. 222(3): p. 183-186.

Yates, C.M., J. Simpson, and A. Gordon,
Regional brain 5-hydroxytryptamine levels are
reduced in senile Down's syndrome as in
Alzheimer's disease. Neuroscience letters,
1986. 65(2): p. 189-192.

Sharma, A., et al., Administration of autologou
bone marrow-derived mononuclear cells in
children with incurable neurological disorders
and injury is safe and improves their quality of
life. Cell transplantation, 2012. 21(1_suppl): p.
79-90.

Sharma, A., et al., Autologous bone marrow
mononuclear cell therapy for autism: an open
label proof of concept study. Stem cells
international, 2013. 2013.

Sharma, A., et al., Effect of cell transplaiotat

in a chronic case of traumatic brain injury.
Kalburgi, A.S.N.G.S., P.K.S.K.R. Sharma, and
S.N.H.S.P. Badhe, Improvements in a Case of
Autism Spectrum Disorder after Cell Therapy
As Noted On PET CT Brain Scan.

Li, W.Y., et al., Mesenchymal stem cells for
ischemic stroke: changes in effects after ex vivo
culturing. Cell transplantation, 2008. 17(9): p.
1045-1059.

Liu, Z., et al., Bone marrow stromal cells
promote skilled motor recovery and enhance
contralesional axonal connections after
ischemic stroke in adult mice. Stroke, 2011.
42(3): p. 740-744.

Song, M., et al., Restoration of intracortizati
thalamocortical circuits after transplantation of
bone marrow mesenchymal stem cells into the
ischemic brain of mice. Cell transplantation,
2013. 22(11): p. 2001-2015.

Lai, R.C., T.S. Chen, and S.K. Lim,
Mesenchymal stem cell exosome: a novel stem
cell-based therapy for cardiovascular disease.
Regenerative medicine, 2011. 6(4): p. 481-492.
Kim, Y.J., et al.,, Neuroprotective effects of
human mesenchymal stem cells on

J



B itish Journal of Bio-Medical Researct Vol.02, Issue 02, Pg.281-288, March -April 2018y

dopaminergic neurons  through anti 56. Jones, J., et al., Mesenchymal stem cells eescu
inflammatory action. Glia, 2009. 57(1): p. 13- Purkinje cells and improve motor functions in a
23. mouse model of cerebellar ataxia.

55. Jose, S., et al.,, Mesenchymal stem cells exert Neurobiology of disease, 2010. 40(2): p. 415-
anti-proliferative effect on lipopolysaccharide- 423.

stimulated BV2 microglia by reducing tumour
necrosis factorr levels. Journal of
neuroinflammation, 2014. 11(1): p. 149.

How to cite this article:

Alok Sharma, Nandini Gokulchandran, Hemangi Sane, &mson Nivins, Pooja Kulkarni, Vrushali Mane,
Maitree Maheshwari, Prerna Badhe.Efficacy of Autologous Bone Marrow Derived Mononwehr Cells in the
Treatment Of Neurodeficits In Down’s Syndrome: A €a ReportBr J Bio Med Res , Vol.02, Issue 02, Pg.281
288, March-April 2018.1SSN:2456-9739Cross Ref DOI : https://doi.org/10.24942/bjbmr.2018209

Source of Support:Nil Conflict of Interest: None declared

Your next submission withBritish BioMedicine Publishers will reach you the below assets

» Quality Editorial service

* Swift Peer Review

o E-prints Service

» Manuscript Podcast for convenient understanding B B r-'i

» Global attainment for your research

 Manuscript accessibility in different formats EF’}JB}";!EQEEMSWE%
( Pdf, E-pub, Full Text) -

» Unceasing customer service

Track the below URL for one-step submission
http://www.britishbiomedicine.com/manuscript-submission.aspx

[ 288 )






