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ABSTRACT
Dendrites are numerous branched projections of a neuron that receive signals from other
neurons. Understanding the process that controls the growth of dendrites is very important to
study the development of nervous system. Study of dendrites and dendritic growth are also very
significant to comprehend the mechanisms of neurodegenerative diseases like Alzheimer’s
disease and Parkinson’s disease. One of the growth factor from a family of proteins called Bone
Morphogenetic Proteins; BMP-7 has been shown to induce dendrites in the sympathetic neurons.
There are number of genes that are identified as being regulated with BMP-7 during BMP
induced dendritic growth. BMP-7 stimulates dendrites via SMADs translocation. However, it is
not known if all the genes regulated are directly via SMADs or if there is some unknown detour.
This research project was aimed to examine the interaction between BMP signaling and other
signaling pathways like MicroRNA signaling pathway in sympathetic neurons. This study
provides a unique dataset of number of MicroRNAs those were up regulated or down regulated
during BMP-induced dendritic growth in sympathetic neurons.

1. INTRODUCTION
Dendrites are the primary site of synapse formation, thus are very important for the development
of nervous system (Garred et al., 2011). It also becomes very crucial to identify the molecules
that have the ability to regulate their outgrowth. Studies have shown that neurodegeneration seen
in Parkinson’s disease and Alzheimer’s disease is also associated with the retraction of dendrites
(Guo, et al., 1999). Therefore, focus on the regeneration of dendrites while understanding the

process of dendritic growth has become very important in studies of basic level development,
refining and growing of nervous system.
Dendrites respond to different growth factors compared to axons. One of the growth
factors that can stimulate dendritic growth in the nervous system belongs to the family of
proteins called (BMPs) Bone morphogenetic proteins (Lein et al., 1995). Primarily discovered
for their ability to induce bone formation, BMPs are signaling molecules of the TGF-β super
family and have important other roles like pattern formation in the central nervous system during
early embryonic development and the development of the heart and limbs. At later stages of
embryonic development, BMP helps in enhancing the growth of dendrites and development of
the nervous system (Hogan, 1996)
BMP-7 was the first protein found to initiate dendritic growth in sympathetic neurons and
belongs to 60A subgroup (Lein et al., 1995). This subgroup is known to stimulate dendritic
growth in cultured sympathetic neurons. Other members of this family such as BMP-6 and BMP2 can perform the same function (Guo et al.,1998). BMP-7 specifically have been shown to
stimulate dendrites by binding to their receptors which results in translocation of members of the
SMAD family of proteins to the nucleus, where they bind to DNA and turn on genes (Garred et
al., 2011). Since BMP family is crucial for extension of dendrites, it is important to study BMPs
and BMP mediated signals to further our understanding of dendritic growth.
This research project will focus on dendritic growth in sympathetic neurons because this
system has been well characterized for studying BMP’s role in dendritic growth. Studies have
already shown that there are number of genes that are identified as being regulated with BMP-7
during dendritic growth (Garred et al.,2011). Though we know that SMAD proteins are
important for BMP signaling, it is unclear whether all these genes are regulated directly via the

SMAD pathway or if there is some interconnection between pathways. The purpose of this
research project was to investigate and understand the interplay between BMP signaling and
other signaling pathways like MicroRNA signaling pathway. This project was designed to
examine the importance of microRNA mediated pathways in the process of dendritic growth in
the sympathetic neurons.
MicroRNAs (miRNAs) are small non-coding RNA, 20 base pairs in length that regulate the
expression of the messenger RNA. They are post-transcriptional regulators that bind to the
complementary sequences on target messenger RNA and usually result in either translational
repression or target degradation. MicroRNAs are conserved through evolution and different sets
of expressed miRNAs are found in different cell types and tissues (Tai H-C et al., 2006). Recent
research suggests that miRNAs are important for dendrite formation and synapse formation in
the central nervous system, which is crucial for learning and memory (Konopka W et al., 2011).
This leads us to the question of whether these micro RNAs can act as modulators of dendritic
growth in sympathetic neurons.
Furthermore, studies have also shown that BMP signaling regulates the expression of
miRNAs including miR21, miRNA 17-92 cluster and miR206 in skin cells and cardiac cells
(Wang J et al., 2010). Since BMPs induce dendritic growth in the sympathetic neurons, we can
tell that there are possibility that miRNA may be regulated by BMPs in the sympathetic neurons
and cause changes to the dendrites. To examine the interaction between BMP signaling and
miRNA in sympathetic neurons, this summer we planned to identify microRNAs those are up
regulated or down regulated during BMP-induced dendritic growth in sympathetic neurons. Our
data provides a list of significant MicroRNAs those were changed during the BMP induced

dendritic growth. The analysis of these results will be useful in further identifying whether the
changed microRNAs are important for the Dendritic Growth.

2. MATERIALS AND METHODS
2.1

Materials

The embryonic day 21 rat pups for the Superior Cervical Ganglion dissections were obtained
from Dr. Pamela Lein at UC Davis Department at Animal Science. DMEM and F12 base media
were purchased from Invitrogen (San Diego, CA) and Gibco. BMP-7 was also gifted by Dr.
Pamela Lein at UC Daivs. RNeasy Kit was purchased from Qiagen (Valencia, CA) and all other
chemicals were obtained from Sigma (St. Louis, MO).
2.2

Primary Culture of Sympathetic Neurons

Sympathetic Neurons were dissociated from the Superior Cervical Ganglia of embryonic day 21
day rat pups according to previously described methods (Higgins et al., 1991). These neurons
were plated in six well plates coated with poly-D-lysine (100µg/ml). Cultures were maintained in
the absence of glial cells in serum free medium (DMEM and F12, 1:1) containing 0.5 mg/ml
bovine serum albumin (BSA), 1.4 mM L-glutamine, 10 µg/ml insulin, 5.5 µg/ml transferin, 38.7
nM selenium and 0.1 µg/ml β-nerve growth factor (NGF). On the second day after cell plating,
the cells were treated with cytosine- β-D-arabinofuranoside (Ara-C, 1-2 µM) for 48 hours to
make the cultures free of glial cells. Cultures were treated with control, BMP-7 6h and BMP-7
24 h after the non-neuronal cells were eliminated.
2.3

Total RNA Extraction

Total RNA was isolated from cultures under 3 different experimental treatments:
1. Cultures not treated with BMP-7, referred to as control

2. Cultures treated with BMP-7 for 6 hour referred to as BMP-6h
3. Cultures treated with BMP-7 for 24 hour referred to as BMP-24h
Total RNA was extracted using the Qiagen RNeasy Kit (Qiagen, Valencia, CA) per the
manufacturer’s protocol. Briefly, the cultured cells were disrupted and homogenized using lysis
reagent. Phenol-Chloroform extraction was performed in order to isolate the nucleic acids from
proteins. In final step, the total RNA is recovered from the aqueous phase by precipitation with
100% ethanol. In our experiment, 30 µl total RNA was purified. The quality and the
concentration of the isolated RNA were assessed by measuring the absorbances of RNA using a
nanodrop. Samples with 260nm/230nm ratio greater than 1.0 and the 260nm/280nm ratio above
1.8 were considered good for the Microarray analysis.

2.4

Microarray Processing

The good qualities of the isolated RNA samples from our experiment were then sent for the
Microarray Processing to a company called LC Sciences. LC sciences provides a service of a
microRNA expression profiling using a technology called µParaflo microfluidic chip technology.
(LC Sciences, USA). It relies on nucleic acid hybridization in which known pooled probes are
used for hybridization with the designed miRNA Array. Basically, a known DNA fragment is
used as a probe to find complementary sequences. Samples containing RNA is applied to the
glass slide and any nucleic acid that is complementary to the probe will bind to it. Nucleic acids
in the mixture were labeled with Cy5, a fluorescent tag that makes the detection easily visible. In
this particular experiment, a minimum of four redundancies of each miRNA probe was included
and a total of 16 sets of control probes were distributed across the array for this experiment.

2.5.

Data mining

While waiting for the Microarray results, Bioinformatics Research on MicroRNAs and their
target proteins were performed using different databases available in the web. Two primary data
bases used were MicroCosm Targets and miRBase. These data bases were useful to find
microRNAs for the known target genes regulated during BMP-7 dendritic growth. Later, after
the results were obtained, the Bioinformatics was used to find target sequences for the
MicroRNAs those were up regulated or down regulated during the BMP-7 dendritic growth.

3. RESULTS
3.1 Total RNA purification validation
Total RNA samples obtained from RNA purification experiment were checked for quality and
purity using a Spectrophotometer and a total of 6 good samples, two of each condition; Control 1
and Control 2, BMP-7 6h -1 and BMP-7 6h- 2 and BMP-7 24h -1 and BMP-7 24h-2 were
prepared for microarray analysis. All the samples had a 260nm/230nm ratio greater than 1.0 and
the 260nm/280nm ratio above 1.8. Following were the samples that were used for the Microarray
processing.

Samples

Concentration(ng/µl)

Control 1
Control 2
BMP-7 6h -1
BMP-7 6h -2
BMP-7 24h 1
BMP-7 24h 2

91.4
197
176.3
220.4
184.3
126.9

Figure 1. High quality Total RNA samples obtained from Total RNA purification experiment.
There are two samples of each condition; Control 1 and Control 2, BMP-7 6h -1 and BMP-7 6h2 and BMP-7 24h -1 and BMP-7 24h-2. All the sample are of required concentration and have
260/280 ratio above 1.8.

3.2 Microarray data analysis
The Microarray processing generated a unique set of data very significant to our proposed
project. Our results answered “Yes” to a question of, if there were microRNAs involved in BMP
induced dendritic growth. It provides a list of all the Micro RNAs those were changed, either up
regulated or down regulated during BMP-induced Dendritic Growth. Significantly, 15
microRNAs were up regulated and 12 microRNAs were down regulated.

3.3 Chip Images show the level of MicroRNA expression
Primarily, the results of microarray was viewed and analyzed directly by the representative
regions of Cy5 chip images. For this purposes, the images in these chips were displayed in
pseudo colors. In the chips, as signal intensity increased from 1 to 65,535 the corresponding
color changed from blue to green, green to yellow and to red, red being the most highly
expressed miRNA. Our data has the highest intensity of 10,000 showing mostly green spots.
Most of the spots at the representative chip images in all three conditions; Control, BMP-7 6h
and BMP-7 24h were identical for example (Fig. 2 J, K, I). However, we also saw that the
microRNA expression level decreased from control to BMP-7 6h and increased in BMP-7 24h
(Fig. 2 A, B, C). Similarly, the intensity of the color of the spots through the chip images
increased from control to BMP-7 6h and decreased back at BMP-7 24h (Fig. 2 D, E, F). It was

also seen that the miRNA expression increased from control to BMP-7 6h and remain unchanged
at BMP-7 24h (Fig. 2 J, K, and L)

3.4 Statistics test and clustering analysis
The data set was analyzed by a two-way ANOVA statistical test including factors for treatment
(control, BMP-7 6h, BMP-7 24h). Three different Tukey tests were also performed for a more in
depth analysis of the between treatment differences: Control versus BMP-7 6h, Control versus
BMP-7 24h, BMP-7 6h versus BMP-7 24h). Differential miRNA expression across the treatment
course was assessed by applying a filter on p-value (treatment) <0.005 to the ANOVA results.
Patterns of miRNAs expression from this analysis output were visualized using hierarchical
clustering. MicroRNA list criteria included passing a maximum 0.05 raw p-value cutoff and a
minimum fold-change (FC) cut-off of 2 for both up- and down- regulated miRNAs in response to
BMP treatment. Relative levels of gene expression are depicted with a color scale in which red
represents the highest level of up- regulated expression and green represents the lowest level of
down- regulated expression. Clustering identified different groups of miRNAs those were up
regulated or down regulated in a similar pattern. MicroRNAs like rno-miR 764, rno-miR 30a,
rno-miR 335, rno-miR 340-5p, rno-miR-384-3p and rno-miR-874 show similar expression
pattern (Fig 2, A(i) ). The color changed from green to red which means the microRNA
expression level was increased from control to BMP-7 6h and to BMP-7 24h. There is another
cluster of miRNAs like rno-miR 107, rno-miR 130a, rno-miR-18a, rno-miR-325-5p, rno-miR345-5p and rno-miR-106b that show similar expression pattern as they change color from red to
green and back to red which means the microRNA expression level was decreased from control
to BMP-7 6h and increased from BMP-7 6h to BMP-7 24 h ( Fig 2, A(ii) ). Looking close to the

significant results with p-value (treatment) <0.005, miRNAs like rno-miR-378, rno-miR-221 and
rno-miR-296 show similar pattern where the microRNA expression level decreases at control
versus BMP-7 6h and remain decreased at BMP-7 24h as its color is seen changed from red to
green(Fig 2, B(ii) ). On the other hand group of miRNAs like rno-miR-154, rno-miR-01193-3p,
rno-miR 381, rno-miR 410 and rno-miR 495 shows opposite patterns by changing colors from
green to red representing the increase in miRNA expression from control to BMP treated cells
(Fig. 2, B (i) ). It is also seen that miRNAs clustered together show different expression patterns
like rno-miR-221 is down regulated when its treated with BMP-7 while rno-miR-335 is up
regulated when its treated with BMP-7 (Fig. 2, C (i) ).
Proceeding clustering analysis, microarray results provided groups of different miRNAs
either up regulated or down regulated. There were a total of 27 miRNAs out of 600 microRNAs
those were changed significantly (p<0.05; 2 fold change filter, and signals< 200 were not
included).15 microRNAs were up regulated and 12 microRNAs were down regulated. The lists
of microRNAs up regulated during BMP-7 dendritic growth is listed in Table 1 and the list of
microRNAs down regulated during BMP-7 dendritic growth is listed in Table 2.
Analysis of significant differences between treatment conditions identified total of 45
microRNAs as significantly changed by BMP-7 treatment (p<0.05; 2 fold change filter, and
signals<200 were also included). As illustrated in a Venn Diagram (Figure 7), 24 microRNAs
were changed following 6 hr of BMP-7 treatment relative to control; 16 microRNAs were
changed following 24 hr of BMP-7 treatment relative to control; and only 5 microRNAs were
regulated following a 24 hr versus 6 hr of BMP-7. More microRNAs were regulated at 6hr than
24hr after BMP-7 addition, with 5 microRNAs regulated at 6hr also found in the regulated
miRNAs set at 24 hr.

Bioinformatics Research resulted in a list of most of the potential targets for the changed
miRNAs. Previous research has provided a list of genes being regulated at BMP-7 induced
dendritic growth (Garred et al., 2011). This list of genes was referenced to find the corresponding
miRNAs that resulted in our data. MicroCosm and miRBase databases provided all the
microRNAs for those target genes and vice versa and the results showed a considerable corelation between the miRNAs and their potential targets (Table 3). Further, the most significant
microRNAs with all its potential targets were listed and a comprehensible co-relation was
observed between the microRNA ans its target as expected. For instance, microRNA-30a was
shown to up regulated during BMP-7 dendritic growth and its target genes were shown to be
down regulated by the previous research (Garred et al., 2011). MicroRNA-21 was shown down
regulated during BMP-7 dendritic growth in our result and its target genes were shown to be up
regulated (Table 4).
Overall, the results showed that there are miRNAs that are being either up regulated or
down regulated during BMP-induced dendritic growth.
4. Discussion:
Study of dendrites and dendritic signaling becomes very important when it comes to the
development of nervous system and it also becomes very necessary to understand the molecules
and pathways that regulate dendritic growth. Previously unknown regarding microRNAs in
BMPs, our research shows that miRNAs do seem to play a role in BMP-induced dendritic
growth. Our data indicates that there are number of microRNAs that are being expressed during
the BMP-induced dendritic growth in Rat embryonic sympathetic neurons. This tells us that the
genes differentially expressed during BMP-induced dendritic growth are also regulated by
miRNAs. Though we know from the previous research that SMAD proteins are important for

BMP signaling, our data indicated that there are miRNAs mediators that are changed during
BMP induced dendritic growth. This also means that we were successful to find out that
microRNAs do play a role in BMP induce dendritic growth as there was quite a few of
microRNAs that were changed compared to different treatment conditions. Out of 600 miRNA
genes of Rattus norvegicus, the results show that there were 27 miRNA genes those were
significantly changed in our experiment.
Our research data has proven that microRNAs are involved with BMP-7 induced
dendritic growth. The next step would be to find out if these changed miRNAs are important for
the growth and which microRNAs are associated with nervous system. Further analysis on the
changed miRNAs would provide clues to other different important researches. For instance,
miRNA 21 is one of the significant miRNAs that was down regulated from control to BMP-7 6h
and BMP-7 24 h. This signifies that miRNA 21 can be important for dendritic growth. Previous
research on this has shown that miRNA 21 promotes axon growth in adult dorsal root ganglion
neuron (Strickland et al., 2011). This miRNA have been associated with the axons already in past
research. It is also seen being regulated in BMP induced dendritic growth in our research. This
shows a possibility that miRNA 21 might also be responsible in BMP signaling. Further research
on miRNA- 21 has shown that BMP 4 promotes vascular smooth muscle contractility by
activating miRNA-21 which down regulates expression of family of dedicator of cytokinesis
proteins (Kang,H et al, 2011). This research has been shown to make a connection between the
Bone Morphogenetic Protein and miRNA 21. The importance of these miRNAs can be studied
more in relation to BMP and nervous system which further helps to pick the best miRNAs
necessary for the dendritic growth. Elav14, Gcs1, Gfra2 and Jag are the four potential targets for
miRNA 21 (miRBase). Elav14, Gcs1, Gfra2 and Jag have been shown to be up regulated by the

previous research on the genes being regulated during BMP-7 dendritic growth (Garred et al.,
2011). The co-relation between miRNA 21 and their target genes suggests the importance of this
miRNA. For instance, in this case, it is known that miRNA 21 was down regulated suggesting
that the protein targets should be up regulated. The same results were obtained as expected. This
further means that the target of miRNA 21 is a protein activator of dendrite formation. Therefore,
to examine if miRNA 21 is important for dendrite formation induced by BMPs, next we could
over express it in BMP treated cells and see if we can inhibit dendritic growth.
On the other hand, miRNA 30 was shown up regulated during BMP induced dendritic
growth in our microarray result and bioinformatics research shows that Gas 6 and Bok were the
two target genes for miRNA 30. Previous research on genes being regulated during dendritic
growth has shown that these two genes were down regulated during BMP-induced dendritic
growth as expected. This means that the target of A is a protein that inhibits dendritic growth.
Therefore, if miRNA 30 was important for dendritic growth, we would expect knockout of
miRNA 30 in BMP treated cells would result in block of BMP-induced dendrite formation. In
this way, further analysis and experiments provides additional information regarding these
miRNAs. Previous researches have shown that miRNA 30b/c and miRNA 21 have been
associated with the apoptosis in glioma cells. Glioblastoma is the most frequent brain tumor in
adults and is the most lethal form of human cancer (Quintavalle C et al., 2012). It has also been
shown in the research that miR-21 and -30b/c are highly expressed in the brain, thus making
these miRNAs as promising targets related to glioma cells. There have been other studies too that
shows miRNA 21 associated to the nervous system. With all these related functions of this
miRNA and its expression in BMP induced dendritic growth, we can see that miR 21 and 30 can
be very important for BMP signaling as well.

F nervous
In summation, studying different miRNAs and finding its role in relation with
system or Bone Morphogenetic Protein can be the first step in finding important miRNAs
necessary for BMP induced dendritic growth. The generated data of this research provides a hint
on the interaction between BMP signaling pathway and miRNAs during the process of dendritic
growth in sympathetic neurons. Gaining a better understanding on targets and pathways involved
in dendrite formation and maturation will also allow us to comprehend the molecular pathways
and mechanisms of neurogenerative diseases like Alzheimer’s disease and Parkinson’s disease
which have become very important in the studies of neuronal morphology.

(i) Control 1

(ii) BMP-7 6h 1

(iii) BMP-7 24h 1

Figure 2. High quality RNA isolated from Superior Cervical ganglion of E21 Rat pups. The
images show the representative region of microRNA array (LC Science) hybridization with Cy5
labeled. (i) Image showing the levels of MicroRNA expression in a control sample. (ii) Image
showing levels of MicroRNA expression in cells treated with BMP-7 for 6 hours. (iii) Image
showing levels of MicroRNA expression in cells treated with BMP-7 for 24 hours.
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Figure 3. Cluster Diagrams of miRNA transcripts differentially regulated by BMP-7 in
cultured sympathetic neurons. The most significantly regulated trascripts to determine
hierarchial clustering (A) ANOVA, p<0.10 (B) ANOVA, p<0.05 (C) ANOVA, p<0.01. Data are
tested by statistical tests for statistical significance compared to control at p < 0.05 using
ANOVA followed by Tukey’s test.

Rpter
Index
333
454
600
545
482
293
205
486
595
520
597
455
122
281
199

Reporter Name
rno-miR-335
rno-miR-369-3p
rno-miR-667
rno-miR-495
rno-miR-384-3p
rno-miR-30a
rno-miR-210
rno-miR-410
rno-miR-664-1*
rno-miR-466b
rno-miR-665
rno-miR-369-5p
rno-miR-17-5p
rno-miR-29c
rno-miR-20a

p-value
7.31E-03
7.45E-03
8.71E-03
1.70E-02
1.84E-02
2.11E-02
4.05E-02
4.15E-02
6.59E-02
7.19E-02
7.70E-02
7.82E-02
9.00E-02
9.23E-02
9.73E-02

Group 1

Group 2

Control

BMP 7
6h
Mean
1,637
497
872
748
740
939
781
622
6,958
4,189
680
434
689
396
501

Mean
735
78
487
800
240
548
130
744
310
1,282
286
446
747
139
606

Group 3
BMP
7
24h
Mean
1,579
386
661
989
623
873
346
947
4,425
2,353
462
492
916
384
736

Table 1. List of significant miRNAs that were up regulated during BMP-7 dendritic
growth. . Data are tested by statistical tests for statistical significance compared to control at p <
0.05 using ANOVA followed by Tukey’s test.

Rpter
Index
499
472
565
203
56
123
72
15
239
246
31
478

Reporter Name
rno-miR-431
rno-miR-379
rno-miR-539
rno-miR-21
rno-miR-128
rno-miR-181a
rno-miR-134
rno-let-7i
rno-miR-23b
rno-miR-26a
rno-miR-107
rno-miR-382

p-value
1.11E-02
2.28E-02
2.57E-02
3.79E-02
4.66E-02
6.57E-02
6.81E-02
7.14E-02
7.37E-02
7.43E-02
8.32E-02
8.36E-02

Group 1

Group 2

Control

BMP 7
6h
Mean
239
681
572
596
281
1,202
360
2,152
6,433
1,755
624
1,428

Mean
481
1,196
875
1,407
742
1,858
829
3,547
10,439
3,386
1,048
2,798

Group 3
BMP
7
24h
Mean
428
956
678
782
408
1,864
517
2,873
8,977
2,135
907
1,768

Table 2. List of significant miRNAs that were down regulated during BMP-7 dendritic
growth. . Data are tested by statistical tests for statistical significance compared to control at p <
0.05 using ANOVA followed by Tukey’s test.

miRNA
rno-miR-335
rno-miR-369-3p

rno-miR-667
rno-miR-431
rno-miR-495

rno-miR-384-3p

Target genes

Column1

p-value for miRNA

Cxcr4
Elavl4
Gfra2

Up
Up
Up

0.0121842
0.085137
0.0279668

Dusp1
Dusp1
Dusp1
Maoa

Down
Down
Down
Down

0.0249361
0.0882241
0.0375661
0.00692157

rno-mirR-30a

rno-miR-379
rno-miR-539

rno-miR-21

rno-miR-210
rno-miR-410

rno-miR-128
rno-miR-181a

rno-miR-664-1*
rno-miR-134
rno-let-7i

rno-miR-466b

rno-miR-23b

Bok
Bok
Gas6

Down
Down
Down

0.0304928
0.0363852
0.0698529

Gcs1
kcnd2
Maoa
Elavl4
Gcs1
Gfra2
Jag
Syn2
Bok
Lox1
Plcb1
Hpcal1
Jag1
Bok
Mc4r
Plcb1
Nog
Nog
Elavl4
Olfm1
Acsl1
cga
Dync1h1
kcnd2

Up
Down
Down
Up
Up
Up
Up
Up
Down
Down
Down
Up
Up
Down
Down
Down
Up
Up
Up
Up
Down
Down
Down
Down

0.0867811
0.0690704
0.07417
0.0526722
0.0335393
0.0406927
0.0463279
0.0867948
0.0761824
0.0325722
0.0398231
0.0415549
0.0432262
0.0249105
0.0822763
0.0636614
0.0902681
0.0304145
0.0175467
0.0630019
0.0779811
0.0154244
0.0701279
0.0217462

Id2
Syn2
Dync1h1
Gas6
Prim2
Elav14
Elav14
Slc12a7
pkia

Up
Up
Down
Down
Up
Up
Up
Up
Down

0.0223944
0.0207836
0.0462199
0.0583758
0.0240326
0.00962502
0.0233121
0.0614908
0.0569413

rno-miR-26a
rno-miR-369-5p
rno-miR-107
rno-mirR-382

rno-miR-17-5p
rno-miR-29C
rno-miR-20a

Bok
Dync1h1
Dync1h1
Cxcr4
Cxcr4
Hsd11b2
pkia
Cxcr4
Hsd11b2

Down
Down
Down
Up
Up
Up
Down
Up
Up

0.0218622
0.0365324
0.0365324
0.0280002
0.0482592
0.0100758
0.0679277
0.0482592
0.0100758

Glul
Nog
Hsd11b2
Hspb1
Mc4r

Up
Up
Up
Down
Down

0.0625178
0.0355256
0.02876648
0.0483247
0.0360624

Table 3. List of MicroRNAs that changed according to different treatment conditions;
(Control, BMP-7 6h and BMP-7 24h) during BMP- induced dendritic growth and their
potential targets. . Data are tested by statistical tests for statistical significance compared to
control at p < 0.05 using ANOVA followed by Tukey’s test.

BMP-7
6h
Mean

BMP-7
24h
Mean

p-value

Potential
Target
Genes

Change in the
Gene
Expression

Reporter
Name

Control
Mean

p-value2

rno-mirR30a

548

939

873

0.0211 Bok
Bok
Gas6

Down
Down
Down

0.0304928
0.0363852
0.0698529

rno-miR21

1,407

596

782

0.0379 Elavl4
Gcs1
Gfra2
Jag

Up
Up
Up
Up

0.0526722
0.0335393
0.0406927
0.0463279

Table 4. List of two important miRNAs and their potential target genes. MicroRNA-30a
was up regulated during BMP-7 dendritic growth and its target genes were shown to be down
regulated. MicroRNA-21 was down regulated during BMP-7 dendritic growth and its target
genes were shown to be up regulated. Data are tested by statistical tests for statistical
significance compared to control at p < 0.05 using ANOVA followed by Tukey’s test

Figure 7.

Overview of MicroRNA expression changes after addition of BMP-7 to

sympathetic neurons. Venn diagram showing the inter relation of significant changes in
MicroRNAs expression levels between treatment comparisons. The numbers in each section
refer to the number of microRNAs that were found to be significantly different between different
treatment groups .Data are tested by statistical tests for statistical significance compared to
control at p < 0.05 using ANOVA followed by Tukey’s test.
CONCLUSIONS:
In conclusion, we present the first miRNA expression profiling analysis for BMP-7 induced
dendritic growth. Our research results provide a set of miRNAs up regulated or down regulated
during primary dendritogenesis. Previous research on the genes regulated during BMP induced
dendritic growth and the recent findings on the miRNAs that are changed in our summer project
have been related. Hence, with the help of bioinformatics research, potential targets of most of
the microRNAs changed during dendritogenesis have been found. These data will be applicable
to study different miRNAs related to the nervous system which will help in research and further
investigation for neurodegenerative diseases.
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