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Abstract: Aim: Since RAP1B is critical for platelet functions, including hemostasis, this study was
conducted to identify RAP1B regulating microRNAs (miRNAs) in ex vivo stored platelets.

Background: Previous studies with platelets identified factors affecting RAP1B activity but
regulatory miRNAs that affect RAP1B protein expression have not been reported.

Objective: To understand the functional significance of miRNA mediated regulation of RAPIB in
stored platelets, using microRNA, miR-181a as an example.

Methods: A Tagged RNA Affinity approach (MS2-TRAP) was employed to identify miRNAs that
bound to the 3" untranslated region (3°'UTR) of the RAP1B mRNA in HeLa cells as an assay system.
And subsequently, the mRNA 3’UTR:miRNA interactions were verified in platelets through the ec-
topic expression of miR-181a mimic and appropriate controls. The interaction of such miRNAs with
RAP1B mRNA was also validated by qRT-PCR and Western analysis.
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Results: Sixty-two miRNAs from MS2 assay were then compared with already known 171 platelet
abundant miRNAs to identify a common set of miRNAs. This analysis yielded six miRNAs (miR-
30e, miR-155, miR-181a, miR-206, miR-208a and miR-454), which are also predicted to target
RAPIB mRNA. From this pool, miR-181a was selected for further study since RAP1B harbors two
binding sites for miR-181a in its 3’'UTR. Ectopic expression of miR-181a mimic in platelets resulted
in lowering the endogenous RAP1B at both mRNA and protein levels. Further, miR-181a ectopic
expression reduced the surface expression of the platelet activation marker, P-selectin.

Conclusion: MicroRNA-181a can target RAP1B and this interaction has the potential to regulate
platelet activation during storage.

Keywords: microRNA, miR-181a, MS2-TRAP, platelet activation, platelets, RAP1B.

1. INTRODUCTION

Ras-related Protein 1 (RAP1) is a member of the Ras
family of guanine triphosphatases. RAP1 exits in two
isoforms, RAP1A and RAP1B, which are encoded by two
separate genes. RAPI1 cycles between inactive GDP bound
form and active GTP bound form, which are positively
regulated by Guanine-nucleotide Exchange Factors (GEFs)

RAPIB is the most abundant form of RAP1 in platelets
where it plays a crucial role in agonist-induced platelet
activation and hemostasis [4-6]. In addition to their
redundant functions, both RAP1A and RAP1B also regulate
specific functions of platelets [7, 8]. Once activated, RAP1B
translocates to the cytoskeletal region in platelets to regulate
different signaling pathways. Platelets from RAPIB

and negatively regulated by GTPase activating proteins
(GAPs) [1, 2]. In circulating platelets, RAP1 activity is regu-
lated via the actions of RAP-GAP, RASA3. Whereas, at the
site of injury, RAPI is activated by RAP-GEF, CalDAG-
GEFI [1, 3]. For sustained activation of RAP1, RASA3
activity is regulated via ADP signaling [1].
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deficient mice showed reduced platelet aggregation in
response to different agonists (ADP, epinephrine, Collagen,
and Convulxin), increased bleeding time and impaired
integrin alpha-2 beta-3 activation [4]. RAP1B mediated in-
tegrin activation is important for hemostatic plug formation
during hemostasis. During development, RAP1B is a critical
regulator of vasculature formation as RAP1B deficient mice
developed hemorrhages [7].

Several studies examined the roles of different molecules
on RAPIB activation [1, 2, 9-11] but information on the
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miRNA-based regulation of RAP1B protein expression lev-
els in platelets is starting to emerge only recently [12].
MicroRNAs are small regulatory non-coding RNAs involved
in post-transcriptional regulation of gene expression. Several
studies, including studies from our laboratories, show differ-
ential expression of microRNAs in platelets during storage
and the effect of microRNAs on gene regulation and platelet
functions [12, 13]. MicroRNA mediated regulation of a
target gene occurs via an RNA Induced Silencing Complex
(RISC) where microRNA binds to its target sites present on a
messenger RNA, followed by either messenger RNA degra-
dation or translation inhibition [14-16].

A well-established RNA affinity purification based
method, known as MS2-TRAP [17] was applied to purify
RAPIB mRNA 3°UTR bound miRNAs. In this report, one
of the miRNAs which is abundant in platelets, miR-181a,
identified by this method was evaluated for its regulatory
interaction with RAP1B to understand the functional signi-
ficance of this interaction in stored platelets.

2. MATERIALS AND METHODS
2.1. Plasmids and Cloning

A plasmid expressing the chimeric RNA (RAP1B-
3" UTR-MS2 hairpin 24X) was constructed from plasmid
pMS2-24X, which carries 24 cDNA copies of the MS2 hair-
pin loop. A copy of RAP1B-3’UTR (821bp) was cloned into
pMS2-24X  using ggaGAATTCTTGGCAAGATAATGA-
GAAAAG (Forward) and agaGCGGCCGCTCGAATACA
AAGTTATATTT (Reverse) primers.

The plasmid expressing a chimeric protein MS2-GST
(pMS2-GST) and pMS2-24X were gifts from Myriam Goro-
spe (National Institute on Aging, NIH, Baltimore).

2.2. Pull Down of Ribonucleoprotein (RNP) Complexes

RNP complex was pulled down from HeLa cells lysates
using the method described earlier [12]. Briefly, Hela
(ATCC"™ #CCL-2™) cells were obtained from the American
Type Culture Collection (ATCC) and maintained in Eagle's
Minimum Essential Medium (ATCC, USA) supplemented
with 10% Fetal Bovine serum and antibiotics (100 U/mL
penicillin and 100 mg/mL streptomycin). The pMS2-GST
was co-transfected with control (pMS2-24X) or plasmid (p-
RAP1B 3’UTR-MS2-24X) expressing chimeric RNA in
HeLa cells. The cells lysates were prepared using a lysis
buffer and the RNP complexes were purified using GSH
beads which bind to GST protein associated with RNPs. The
beads were subsequently washed and treated with DNAse I
and proteinase K. Total RNA was extracted from the RNPs
using Phenol chloroform method as previously described
[12]. Briefly, 500ul water was added to the washed pellet.
After thorough mixing, 500ul Acidic Phenol chloroform was
added and vortexed. The sample was centrifuged at 10,000
rpm for 20 minutes at 4°C. The top aqueous phase (400ul)
was transferred to a new tube and RNA was precipitated
using 40ul 3M sodium acetate, 860ul 100% ethanol and 3ul
Glycoblue (Life Technologies) followed by overnight incu-
bation at -20°C. The next day, samples were centrifuged at
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13000rpm for 30 minutes, washed with 75% ethanol and air-
dried pellet was resuspended in 10ul RNAse-free water.
RNA was quantified using NanoDrop (Life Technologies).

2.3. Microarray Analysis

Affymetrix Gene chip miRNA 3.0 arrays were used for
microRNA profiling. After RNA quantification, 300ng RNA
was polyadenylated (Poly A tail) and labeled with biotin
using FlashTag Biotin HSR RNA labeling Kit (Affymetrix,
Santa Clara, CA, USA), as per the manufacturer’s instruc-
tions. Biotin labeling was confirmed using Enzyme-Linked
Oligosorbent Assays (ELOSA). The labeled RNA samples
were hybridized to Affymetrix Gene chip miRNA microar-
ray for 16hrs and incubated at 48C in Affymetrix Hybridiza-
tion Oven-645, with shaking at 60rpm (Affymetrix). Follow-
ing hybridization, the washing and staining of the microar-
rays were performed in Fluidics Station 450 and the chip was
scanned with GeneChip Scanner 3000 7G (Thermo Scien-
tific). Partek Genomic Suite software was used for data anal-
ysis, and the data were normalized using quantile normaliza-
tion, which is based on the common distribution of intensi-
ties of all miRNAs within and across miRNA arrays.

2.4. Ectopic Expression and Quantification of miR-181a
in Platelets

MiRNA control mimic and miR-181a mimic were ob-
tained from Life Technologies. HeLa cells were transfected
with the mimics using siPort Neo and incubated at 37°C in a
CO, incubator for 48hrs. Platelet samples collected by
apheresis were obtained from the National Institutes of
Health (NIH) blood bank under FDA-RIHSC approved pro-
tocol #03-120B. The samples were stored in a platelet incu-
bator with agitation at 22°C. One day old platelets were
transfected with the microRNA mimics using siPort Neo and
incubated in the platelet incubator. After 48hrs, total RNA
was extracted from both HeLa cells and platelets using TRI-
ZOL (Invitrogen). Briefly, the cells and platelets were pellet-
ed and each resuspended in Iml TRIZOL and incubated at
room temperature for 5 minutes on ice (at 4°C). After adding
200ul chloroform, samples were vortexed and centrifuged at
12000 rpm for 15 minutes at 4°C. The supernatant was trans-
ferred to a new tube, and RNA was precipitated using 0.5ml
of 100% isopropanol and 2ul glycoblue (Invitrogen). After
overnight incubation at -20°C, the samples were centrifuged
at 13000 rpm for 30 minutes at 4°C. The pellet was washed
with 75% ethanol, air-dried and resuspended in RNase-free
water. miR-181a expression was determined by using Taq-
Man microRNA assay (Thermo Fisher) and the results were
normalized with RNU6B as the endogenous control. For
quantification of RAP1B mRNA in control mimic, miR-181a
mimic treated cells and platelets were quantified using qRT-
PCR [18]. DNAse I treated total RNA samples were reverse
transcribed using SuperScript® III Reverse Transcriptase kit
(Thermo Fisher, Waltham, MA, USA). The realtime PCR
reaction was performed in QuantStudio™ 6 (Thermo Fisher)
using SYBR Green Real-time PCR master mix (Thermo
Fisher). Primers overlapping intron-exon boundaries were
designed and synthesized at FDA core facility (Table 1). The



242 MicroRNA, 2020, Vol. 9, No. 3

Dahiya and Atreya

Table 1.  List of primers used for qPCR.
S. No. Name Sequence
1. RAPIB Forward GAGGAGGTTGTGGTGGATGA
2. RAP1B Reverse CTCCATTAACTGCCGAATGAT
3. GAPDH Forward GCACCACCAACTGCTTAGCA
4. GAPDH Reverse GTCTTCTGGGTGGCAGTGATG
5. RAPI1B 3’UTR Forward CTGACCATCGCTGCTGTTG
6. RAP1B 3°’UTR Reverse CTACTATGTAGACCAACTCCC

RAP1B mRNA expression was estimated by the 2~ddCt
method using GAPDH as a normalization control.

2.5. Western Blot Analysis

Platelets transfected with control mimic and miR-181a
mimic were lysed in SDS lysis buffer [62.5 mM Tris-HCl
(pH 6.8), 10% glycerol, and 2% SDS] after 48hr incubation.
After quantification of proteins by using the BCA assay kit
(Pierce, Rockford, IL), samples were run on 10-20% Tris-
Glycine gels and transferred on to polyvinylidene difluoride
(PVDF) membranes (Millipore, USA). To avoid non-specific
binding of the antibody, membranes were blocked in 5%
nonfat dry milk, washed in TBST (Tris-buffered saline, 0.1%
Tween 20) and incubated with Mouse monoclonal anti-
RAPIB (Abcam) or rabbit anti-GAPDH (Protein Tech) anti-
bodies. The next day, membranes were washed and incubat-
ed with horseradish peroxidase-conjugated secondary anti-
body (anti-mouse or anti-rabbit IgG, 1:10,000; Amersham
Biosciences Corp., Piscataway, NJ) for 1hr at room tempera-
ture, washed with TBST and developed using chemilumines-
cence kit (ECL; Amersham Biosciences Corp.). Protein band
intensities were quantified using the Image J program devel-
oped at the National Institutes of Health.

2.6. MicroRNA Binding Site Analysis

Target Scan algorithms was used to identify miR-181a
binding sites in RAP1B 3’UTR (http://www.targetscan.org/
vert _72/).

2.7. Flow Cytometry

Expression of platelet surface marker was determined us-
ing FITS or PE-conjugated antibodies against CD41 and
CD62. CD41 and Isotype IgG-FITC antibodies were ob-
tained from Beckman Coulter whereas CD62 and Isotype
IgG-PE were obtained from Becton Dickinson (Becton Dick-
inson, San Jose, CA). Platelet samples (control and test)
were washed with PBS supplemented with 0.1% human al-
bumin (PBS/albumin) and resuspended in PBS supplemented
with 0.1% human albumin. Saturating concentrations of
FITC- or PE-conjugated monoclonal antibodies against
CD41, CD62 and isotype control antibodies were added to
50ul of diluted platelets (2x10°). After 20 minutes of incuba-
tion in the dark at room temperature, platelets were washed

with PBS/albumin, resuspended in 200ul PBS/albumin, and
analyzed using a FACSCalibur (Becton Dickinson, San Jose,
CA) and CellQuestPro software. Data analysis was per-

formed using FlowJo software (Becton Dickinson, San Jose,
CA).

3. RESULTS

3.1. MS2-TRAP Method Enriched RAPIB 3'UTR
Interacting microRNAs

To enrich microRNAs that are associated with RAP1B
3'UTR, a plasmid expressing chimeric RNA containing 24
copies of RNA hairpin loop attached to RAP1B 3'UTR was
generated (Fig. 1). HeLa cells were co-transfected with
pMS2-GST/ control (pMS2-24X) or pMS2-GST/ p-RAP1B
3’UTR-MS2 (plasmid expressing chimeric RNA containing
RAPIB 3'UTR). Cell lysates were prepared and subjected to
pull down to extract native RNP complexes. First, the levels
of RAP1B 3'UTR in control and test samples after pull-
down were tested. There was a significant enrichment of
RAPI1B 3'UTR in RNP complexes isolated from test sam-
ples expressing chimeric RNA compared to the control sam-
ples (Fig. 2A).

Microarray analysis of the RNA extracted from control
and test samples showed enrichment of 62 microRNAs in
test samples compared to the control. The comparison of
these enriched microRNAs with 171 microRNAs that are
known to be abundant in platelets as previously reported in
the literature [13, 18-20] has identified 6 microRNAs (miR-
181a, miR-208a, miR-206, miR-155, miR-30e and miR-454,
shown in Fig. 2B). Based on the Target Scan prediction, all 6
microRNAs have their potential target sites on RAPIB
3'UTR. Since miR-18la is one of the six common
microRNAs among the two cell lines tested in the previous
report [12], and in-silico analysis identified the presence of
two miR-181a binding sites in RAP1B 3'UTR (Fig. 2C),
miR-181a was selected for further study.

3.2. MiR-181a Targets RAP1B Messenger RNA and
Downregulates Endogenous RAP1B Protein Expression

The mechanism of miR-181a mediated regulation of
RAP1B was examined. The effect of this miRNA on RAP1B
messenger RNA in Hela cells and platelets was tested by
transfecting both the cells with miRNA control mimic and
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821bp

TTGGCAAGATAATGAGAAAAGAAAAAAGTCATGGTAGGTGAGGTGG
TTAAAAAAAATTGTGACCAATGAACTTTAGAGAGTTCTTGCATTGGA
ACTGGCACTTATTTTCTGACCATCGCTGCTGTTGCTCTGTGAGTCCT
AGATTTTTGTAGCCAAGCAGAGTTGTAGAGGGGGATAAAAAGAAAA
GAAATTGGATGTATTTACAGCTGTCCTTGAACAAGTATCAATGTGTT
TATGAAAGGAAGATCTAAATCAGACAGGAGTTGGTCTACATAGTAG
TAATCCATTGTTGGAATGGAACCCTTGCTATAGTAGTGACAAAGTGA
AAGGAAATTTAGGAGGCATAGGCCATTTCAGGCAGCATAAGTAATC
TCCTGTCCTTTGGCAGAAGCTCCTTTAGATTGGGATAGATTCCAAAT
AAAGAATCTAGAAATAGGAGAAGATTTAATTATGAGGCCTTGAACA
CGGATTATCCCCAAACCCTTGTCATTTCCCCCAGTGAGCTCTGATTT
CTAGACTGCTTTGAAAATGCTGTATTCATTTTGCTAACTTAGTATTTG
GGTACCCTGCTCTTTGGCTGTTCTTTTTTTGGAGCCCTTCTCAGTCAA
GTCTGCCGGATGTCTTTCTTTACCTACCCCTCAGTTTTCCTTAAAACG
CGCACACAACTCTAGAGAGTGTTAAGAATAATGTTACTTGGTTAATG
TGTTATTTATTGAGTATTGTTTGTGCTAAGCATTGTGTTAGATTTAAA
AAATTAGTGGATTGACTCCACTTTGTTGTGTTGTTTTCATTGTTGAAA
ATAAATATAACTTTGTATTCGA

( \
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RAP1B 3'UTR

¥
MS2 Hairpin RNA (24X)

Fig. (1). Construction of a chimeric plasmid. A cDNA copy of RAP1B 3’UTR (821bp) was cloned into a plasmid carrying 24 cDNA copies
of MS2 hairpin RNA. This plasmid produces chimeric RNA, RAP1B 3'UTR-MS2 Hairpin RNA.
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Fig. (2). Relative expression levels of (A) RAPIB 3’UTR in HeLa cells after pull-down, enriched microRNAs and miRNAs binding sites.
RAPIB 3'UTR expression levels in pPRAP1B 3’"UTR-MS2 transfected cells compared to the control pMS2 transfected cells following pull-
down. (B). Comparison of microRNAs enriched in HeLa cells expressing chimeric RNA (RAP1B 3'UTR-MS2 Hairpin RNA) with mi-
croRNAs known to be abundant in platelets. (C). MicroRNA-181a binding sites in RAP1B 3'UTR as predicted by Target Scan algorithm.

miR-181a (test group). Total RNA extracted from the control
and test group was quantified for miR-181a expression and
endogenous RAP1B messenger respectively by RT-qPCR.
Both HeLa cells and platelets showed increased expression
of miR-181a in miRNA-181a mimic transfected samples

compared to their control counterparts (Figs. 3A and 3B). This
ectopic expression of miR-181a in both HeLa cells and plate-
lets was able to reduce endogenous RAP1B messenger RNA
by more than 40% (Figs. 3C and 3D), suggesting a regulatory
interaction of miRNA-181a with RAP1B messenger RNA.
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Fig. (3). Expression of miR-181a and its effect on RAP1B messenger RNA. Expression levels of miR-181a in (A) HeLa cells and (B) Plate-
lets transfected with control miRNA mimic and miR-181a mimic. Effect of miR-181a ectopic expression on (C) RAP1B messenger RNA
levels in HeLa cells and (D) Platelets transfected with control miRNA mimic and miR-181a mimic.

After observing the regulatory effect of microRNA-181a
on RAP1B mRNA, the effect of miRNA-181a on the expres-
sion of endogenous RAP1B was tested. Levels of RAP1B
proteins were determined by western analysis in platelets
transfected with miRNA control mimic and miR-181a (test
group). Increased expression of miR-181a significantly re-
duced (>81%) the levels of endogenous RAP1B in platelets,
confirming that miRNA-181a downregulates RAP1B ex-
pression in platelets (Figs. 4A and 4B).

3.3. Increased Expression of miR-181a Reduces Platelet
Activation

To understand the functional significance of miRNA-
181a and RAP1B mRNA interaction in platelets, the effect
of ectopic expression of miRNA-181a in platelets as a func-
tion of platelet activation was tested. The activation was
measured by evaluating the levels of P-selectin (CD62P)
surface expression on CD41 positive platelets by FACS
analysis. Platelets transfected with miR-181a mimic exhibit-
ed reduced surface expression of P-selectin (CD62P) com-
pared to platelets transfected with miRNA control mimic by
more than 14% (Figs. 4C and 4D).

4. DISCUSSION

In this study, a well-established pull-down approach was
applied to identify microRNAs that can regulate RAP1B. Six
microRNAs (miR-181a, miR-208a, miR-206, miR-155,
miR-30e and miR-454) that were enriched in the pull-down
experiments are also known to be abundant in platelets.
Based on the prediction by the Target Scan algorithm [21],

RAPIB 3'UTR carries microRNA binding sites for all six
platelet abundant miRNAs identified in this study [18, 20-
23]. Subsequently, enrichment of the same miRNAs through
the pull-down assay tool further validates that these miRNAs
are true targets for RAP1B 3°’UTR.

Further studies in platelets were conducted using one se-
lected microRNA, miR-181a from the 6 miRNAs identified
in the analysis. Two miR-181a binding sites were identified
in the RAPIB 3’UTR with perfect complementarity in the
seed region (2-8 base pair from microRNA 5’ end). It has
been known that miRNAs can regulate target mRNA by ei-
ther degradation or by interfering with translation, or both
[14-16, 24, 25]. The ectopic expression experiments with
miR-181a resulted in decreased RAP1B mRNA expression
in both, HeLa cells and platelets. This further suggests that
miR-181a binding sites in RAPIB 3'UTR are functional, and
the protein regulation is via RNA degradation.

Platelets transfected with miR-181a showed a significant
decrease in RAPIB protein levels as well (>80%) compared
to control miRNA transfected platelets. Recently, the regula-
tory role of miR-320c on RAPIB protein expression was
reported [12]. Interestingly, while both miRNAs target the
same 3’UTR, miR-181a and miR-320c differ in how they
mediate downregulation of RAP1B. As reported here, miR-
NA-181a downregulates RAP1B mRNA and consequently
the protein also. On the other hand, microRNA-320c mainly
regulates RAP1B via translational inhibition without affect-
ing the levels of RAP1B messenger RNA [12]. Both miR-
181a as reported here and miR-320c as reported previously
[12], reduce platelet activation as assessed by the surface
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Fig. (4). Effect of miR-181a on RAP1B mRNA, protein and platelet activation. (A) Effect of miR-181a ectopic expression on RAP1B protein
in platelets by western blot; (B) Quantification of western bands using ImageJ analysis; (C) Scatter plot of platelets transfected with control
miRNA mimic and miR-181a mimic; (D) Effect of increased levels of miR-181a on platelet activation. Surface expression of CD41 and
CD62 were examined in platelets transfected with the control miRNA mimic and miR-181a mimic by Flow cytometry. Data is represented as

percentage of CD41 and CD62P—positive platelets.

expression of P-selectin. Following the platelet activation, P-
selectin translocates from internal granules to the platelet
surface [26].

CONCLUSION

Together, these studies indicate that miRNAs are also
emerging as regulators of ex vivo stored platelet functions.
Since RAP1B signaling plays an important role in platelet’s
function, understanding RAP1B regulation further will pro-
vide necessary insights on the mechanisms that control
RAPIB in platelets in circulation, during quiescent state and
in hemostasis at the site of injury.
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