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Abstract

Adipogenesis, or the differentiation of preadipocytes into fat cells, is a cellular process
present in alhigherorganisms. Rgulated by etivation of specific transcription factoand
signaling patways adipocyte differentiatiors alsoaffected bya recently discovered class of
gene regulators termexdicroRNAs (miRNAs). Transcribed in thaeucleus miRNAs aremoved
into the cytoplasm and processeddiger 1, ribonuclease typd [(IDicer) and assembled onto
the RNAinduced gencingcomplex (RISC)which includes theukaryotic translation initiation
factor 2C Ago2). ThematuremiRNA thenbase pairs to mRNA to causanslational repression.
This studyattemptgo discerntargetgenes of miR378/422b to better understand miRNA
regulation ofadipogenesianiR-378/422bwas upregulated when miRNAs were differentially
screened for expression between dT3preadipocytes and adipocytes via miRNA microarrays.
Compared to wildype cells ST2 cells with miR378/422b overexpression contained bigger
lipid dropletson day 3 of differentiatiorBecause of the important functiobgcer and Ago2
have in RNA interference (RNAI) and miRNA action, their roleadipocyte differentiation
werealsostudied.Luciferase assay resuftom transfection of ells with vectorsthat contained
the miR378/422b seed and vectavgh aninsat of the predicted target gesequencéndicate
thatDIX domain containing 1 (Dixdcl), LIM domain containing prefertethslocation partner
in lipoma (LPP), Sp1l transcription factor (Spl), nuclear receptor interacting protein 1 (Nripl)
andnuclear receptor epepressor 2 (NCORZrenottarget genes ahiR-378/422b Western
blot and ThinLayer Chromatography analyseggastthatboth Dicerand AgoZ2areinvolved in
lipid metabolism and tha&go2 isnot involved inadipocyte differentiationThis studyservesas
a basis for further research on understanding the variety of ways mi&ifassociated

processing proteinsinction duringadipocytedifferentiation.



Introduction
Adipogenesis and obesity

Adipogenesis, or the differentiation of preadipocytes into fat cells, is a cellular process
present in alhigherorganisms. Adipogenesis begins when a pluripotent stem cethis to the
adipocyte lineage, discarding its ability to diféntiate into other cell typeRecent interest in
adipose tissue properties and adipogenesis has increased in pattalleé rise in obesity rates
and associated diseasesrldwide[1].

Prior to the 198§, adipocytes were only considered to be sites of fat storage. Whether
lipid was released from or added to adipocytes depended on what hormones wef2]active
Recently, advances have been made in understanding adipocytes as an active metabolic machine
in energy homeostasis aadsecretors of moleculemportant for regulation of bodily processes
such as blood pressure and angiogerjékis-or example, leptin, a hormone secreted by
adipocytes and coded by thbesegene, was discovered to be important for bagyght
homeostasis and appetiteidd with anob/obloss offunction mutatiorweighthree times greater
than wildtype mice gen when both sets of animalgeded the same di§?]. Because of the
critical role adipocytes are moknown to play in metabolisnunderstanding of howells
differentiate into adipocytes and how adipogenesis is regliategbecome increasingly
important in addressingnesses related to excess adipasity
Regulation of adipogenesis

The activation of specific transcription factors catke pluripotent stem celto commit
to a particular cell lineage. Presence of matated transcription factor 2 (Runx2) and Sp7
transcription factor (Osx), for examplguses stem cells to differentiaitéo osteoblasts. Other

transcription factors can also caule progenitor cell to eventually mature into myocytes



chondrocytegFigure 1)[4]. The activitiesof several transcription factors, including peroxisome
proliferatora ct i vat ed r ec e pt o renhanerdbiRdhé Rae)ns (B/ERPS) @G&IA AT
to adipocyte cell determinatid4, 5].

P P A Ras two isoformsP P A RandP P A R the latter is founghredominantlyin
adipocyted5]. During differentiation of preadipocytesnadipocytesP P A Rsanduced and
found to be both necessary and sufficient for adipogeftgsislore than 500®inding sites for
P P A Rave been identified in 3TB1 adipocyteg7]. Along withP P A RCJEBPs (C/EBB, -b
and-U) havealso beemecognizedo playimportantrolesin proper adipogenesj5]. Deletion of
the C/EBP gersresults in abnormal accumulation of fat.GfEBPU-knockout mice, white and
brown adipocytes did not amass lipid; the mice @igtht hours after birtfrom liver
abnormalities and hypoglycemid]. Deletion ofC/EBFbor C/ EBPU di d not resu
of phenotypes as ghifatahorBaitiedvennalsoebsery@d t h o u

In additiontoP P AR 92 a n dthefe/arE BdPesthan 100 other-aipogenic fators
expressed in adipocytes. Other transcription factors exist to also repress adipogenesis, indicating
a complex transcriptional cascae the differentiation pathwayMany antiadipogenic factors
that show decreased expression during adipogedisplay higher expression during
differentiation of cells into other cell faté&/hile adipogenesis is mediated by a chain of
transcription factors, other factors contribtd adipocyte differentiatioMVnt signaling, when
activated, results ianincreasen osteoblastogenesis aadecrease in adipogenesis.
Additionally, bone morphogenetic protein 4 (BMP4) causim cells to commit to adipogenesis,
while DLK1/PREF1 signalling has been shown to repiteldg. Finally, as the recently
discovered field of gene silenciegnerges as a prominent factor in gene regulation, its role in

adipogenesis has also been identifte@]. A recently discoveredlass of regulators termed



microRNAs(mMiRNAs), with a function similar to gene interfering molecules, lbaean
evidenced to affect adyeyte differentiationmiR-143 was the first miRNA discovered to be
important for preadipocyte maturatifii].
Gene interference and microRNAs

Newly discovered in the 1990sost transcriptional gene silencing @ayportant roles

in cellular function and gene regulation. Rather thetmg througtposttranscriptional or post

translational modification of genes, gene silencing involves directly degrading messenger RNA

[10]. Genesilencing was recognized to occur@aenorhabditis eleganghere overproduction
of antisense RNA homologous to the endogenous gene of interest resulted in disruption of
expression and function of the endogenous §E2le

RNA interference (RNAI), one form of gene silencing, involves introduction efdar
strands of doublestranded RNAdsSRNA) into cells and the subsequent splicing of the dsSRNA
into 1921 nucleotide long sequences called short interfering RNA (SiRNA)dey 1,
ribonuclease type Il Dicer). The doublestranded siRNAs unwound by ATP heatase and
complexed to the RNAnduced silencing complex (RISGomposed of various proteins,
including the proteins fronhe Argonaute (Ago) familyThe RNAprotein complex then binds
to the mRNA to induce cleavage and successive degraddtioa mRNA[10].

mMiRNAs function asanotherform of gene silencing and diffélom RNAI in that
mMiRNAs areendogenously produceBoundin viruses, plants, and animals, the noncoding
MIiRNA is the inherent biological formaf gene silencing in organisnmik0, 13} miRNAs were
first discovered while researching larval developmeri.ialegansLee at al. discovered that
lin-4 causes decrease in Lid4 proten expression. Additionallyin-4 does noencode a

protan, and parts of its sequenaea compl ement ar y ntta arnesyTRI nesd
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region of lin14 mMRNAJ[13]. The discovery of the unique function that4 possesse®sulted

in an increase in MiRNA research, including better understanding of how miRNAs are processed
and how theyring about mRNA translational repression.

microRNA processing

MiRNAs are transcribed in the nucleus into imperfectly formed-&bem hairpin
strucures termed pimiRNAs (Figure 2. RNase Il type endonuclease Drosha processes the pri
mMiRNA, and theesultingpremiRNA is exported out of the nucleus with the help of exportin5.
In the cytoplasmthe proteirDicer cleaves the pmniRNA, resulting in a 122 nucleotide long
MiRNA:mMIiRNA* duplex. The duplex is unwound and one strand is usually degradechest
both strands are utilized in gene silencing. Finally, the rmatuRNA is assembled ontbe
RISC. The miRNA, along witltheRISC, then docks at the mRNA. Either the miRNA base pairs
with the mRNA with perfect complementarity, resultingniRNA cleavage similar to that in
siRNAfunction or t he mi RNA base pai-UTRregiompfé¢hef ect | vy,
MRNA, resulting in translational repressidd].

MiRNA withtheRl SC can bi n d-UTRao resuitie dead&niaiondDfdthe
poly(A) tail and succssive degradation of the mRNA. The miRN#luced repression can also
occur by slowing elongation at the pasitiation of translation stage or initiation block by
repressed cap recognition. Repressed mRNAs are movedudi€s, discrete cytoplasmic
granules, for storaggl4].

Proteins fromMtie Argonaute familyis a crucial component of the RIS@hich includes
the aforementioned Argonaute proteins and also the mature miRNA which binds to
complementary mRNA sitg44]. Results from ranipulation of he Argonaute protein genes

gveevi dence to the familyds critical rol e in



Eukaryotic translation initiation factor 2@¢o2) has been identified in two separate studies as
the only member of the Argonauate subfamily in humans teepssndonuclease characteristics
andto cleave substrate RNAS5, 16] Some Ago proteins may also need to be posttranslationally
modified orinteractwith other proteins to be functionally actif7].

In addition to the Argonaute proteins, Dicer is also an important molecule in miRNA
processingDicer is an RNAse Ill enzyme theleaves preniRNA into miRNA duplexes which
eventually give rise to the mature singkeanded mature miRNAL4]. Its importance in cell
differentiation is evidenced in inhibition of osteoclast differentiation in cells transfected with
Dicer siRNA. Additionally, mice \th mutant Dicef" suffer from mild osteoporosifL8].

Resarch on effects of Dicer knockdown on adipogenesis in human metipsiromal cells
(HMSCs) showshat adipocytalifferentiation in the HMSCsra inhibited when Dicer
expressiond decrease[ 9].

Along with anincreased understanding of miRNA pregeg andof proteins such as
Dicer and Ago2 that act in RNAi and miRNA function, the number of miRNAs reported and
predictedalsocontinuesto rise.Today, nore than 5300 miRNAare knowrn[10]. miRNAs have
been found to be involved in a numbéraes in the ck A study of miRNAs during
cardiogenesidiscoveredhat miR 1 is activated during differentiation and targets heart and
neural crest derivatives expressed 2 (Hand2), a transcription factor involved in ventricular
cardiomyocyte expansid20]. In hematopoiesis, miR81 isa positive regulator of Bymphoid
cell differentiation [21]. The effects of miRNA&ave also been observed in adipogerddis
microRNAs function in adipogenesis

Through the use of antisense oligonucleotides (SEsauet al. determined that

mMiRNA-143 egulates adipocyte differentiatioim. microarrays that profiled miRNA expression



in preadipocytes and developing ceftsRNA-143is upregulated inhediffereniating
adipocytesAn ASOdirected at miRNAL43 causemhibition of adipocytespecific gene
expression andecreasetriglyceride accumulation. Mitogeactivated protein kinase ERK5)
is found to be upregulated in AS@rgeted cells and hypothesized to be the target gene for
mMiRNA-143[11].

In another more recent studun et alutilized microarray anghis to determine
MiRNAs that ae highlyexpressediuring 3T3L1 differentiation. miRNAlet-7 is upregulated
and was found in subsequent analyseshbit adipocye differentiation and clonal expansion
when introduced ectopically into 393 cells.High mobility group ATFhook 2(HMGA?2)
expressiond notably affected blet-7 expression in cellshigh expression dét-7 correspond$o
low expression of HMGAZ2 in 3T81 cells.The researchers concluded from the research results
thatlet-7 affects adipocyte differentiation and targets HMG22].

Further evidence of miRNA involvement in adipogenesis and linkage to obesity was
demonstrated from a study in which rlR3 was characterizeHie et d. showed thamiR-103
is upregulated during adipogenesis and downregulated during obesity. When expressed in 3T3
L1 preadipocytes, any adipocytamportant genesra upregulatedandthere is increased
expression of PPARR and molecules associated with metabolism and homeostésisstingly,
mMiR-103 exhibitdecreased expression in cells froblobmice, suggesting that obesity results
in loss of MIRNAs necessary for proper development of adipof38¢sin Esau et al., Sun et al.,
and Xie et al.miR-378/422his mentimed to beamong themiRNAs thatarefound to be
expressed at significantly different amounts between the differentiated and undifferentiated 3T3

L1 cells.



microRNA 378/422b functions in adipogenesis

miR-378/422b, termed so due to both RBR8 and miR422b originating from a
common stem loop precursor, was first identified in human leukemia celi§@Htells. The
hairpin precursor ifound in bothHomo sapienandMus musculu§?4]. In unpublishedesearch
conducted in the MacDgald laboratory, miFR878/422b was found to hgregulated when
MiRNAs were differentially screened for expression betweenl3I Breadipocytes and
adipocytes a miRNA microarrays. Northerndt analysis validatethe upregulation of the
specific miRNA Via a retroviral systermiR-378/422b was then overexpressed in ST2 cells
duringadipocyte differentiation to determine if thevere phenotypic changes in cells that had
mMiR-378/422b overexpression as compared to-tyifee cells. Compared to wHtype cells, ST2
cells with miR378/422b overexpression contained bigger lipid dropletday 3 of
differentiation. The results suggesat miR378/422b plays a role in adipogenesis and lipid
metabolism.

While miRNAs have been evidenced to function through translational repression, this
method of function may not be the only process through which miRNAs Rerxisome
proliferatoractivated receptor gamma, coactivator 1 jet& C Lidacoactivator that helps to
regul ate oxidative metabolism. I n one study,
suggested to be related to the pathogenesis of off@sjtynterestingly, the sequence of miR
378/422b is found thin the firstintrono f P GR@y@ré 3. Although the exact significance of
the miR378/422b sequence withinh e  Pdér&is inknown|t is possible thathe miR
378/422b sequengmssesses an importante. Perhaptheintron that containthe miR
378/422bsequence actadependentlyo regulate® G C prbtein expression in the calfter it is

cleaved from th® G C Ddne
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Purpose of investigation

The purpose of my investigation is to better discern the role that miRNAs and proteins
involved in miRNA processing possessadipogenesis. Specifically, | looked for potential target
genes of miR378/422b to better understand the process and pathway the miRNAs take in
causing changes in adipocyte characteristics. Additionally, because of the essential role Ago2
plays in miRNAand RISC association with mRNA, | investigated phenotypic changes in
adipogenesis in 3FB1 Ago2 knockdown cells. Additionally, the expression of Ago2 and Dicer
over time during 3T3.1 and ST2 differentiation was studiéiche importantoles Ago2 and
Dicer play in miRNA processing and function provided a compelling reason to investigate them
in my researchl. hypothesized that my results would indicate a target gene of378Ri22b
and/or lead to better understanding of how the miRNA functions in adipogjeiredsoexpected
to find knockdown of Ago2 to result in abnormal differentiation of cells into adipocytes.

3T3-L1 preadipocyte cells and ST2 cells wdre tells of choice used in mgsearch.
3T3-L1 cells are derived from the mouse fibroblase 13T3 and are capable of becoming
adipocytes, taking on the characteristics of real adipose[28]IsST2 celé are a stromal cell
line derivedfrom mouse bone marrow and posdesability to differentiate into adipocytes

when induced by insulif27].
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Methods
Cell culture

3T3L1 preadi pocytes were grown and maintain
medium (DMEM) (GIBCO catalog #11965)yith 10% calf serumRCS)(Atlanta Biologicals)t
37°C and10% CQ. Cells that had reached confluence for two days were treated with
methylisobutylxanthine, dexamethasone, and insulin (MDI). After two days, the medsim wa
replaced witlFCSsupplemented only with insulin.

ST2 cells were grown and maintained at@&nd5% CQ using alphaminimal essential
medium with10% fetal bovine serum (FBS), ascorbatgjlilitamine, and 100 units/ml
streptomycin. For adipogenesiscercells had reached confluence for one day, they were fed
10% FBS, MDI, and troglitazon® (nM; Pfizer Inc.,Groton CT) After two days, the medium
was replaced with FBS supplemented with insulin only.
Western blots

Equal quantities of proteindm lysed 3T3L1 cells from dy 9 were separated via SDS
PAGE and transferred onto PVDF membranes. Membranes were blocked with 5% powdered
nonfat milk Bio-Rad, Hercules, CASolute carrier family 2 (facilitated glucose transporter),
member 4 Glutd), fatty acidbinding protein 4, adipocytéABP4, and C/ EBPU wer e
detected on the membrane with an antibody spe
respectively. Primary antibodies were probed ubimgnd horseradish peroxidaseupled
(HRP-coupled)goatantirahbit secondary antibodies; protein bands were visualized &samge
Super Signal or Super Signal Ultra enhanced chemiluminescence substrates (Thermo Fisher

Scientific Inc.,Rockford IL).
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Immunoprecipitation

To immunoprecipitate NCOR2, protein was egteal from confluent Hela cells, 393
cells, ST2 cells infected with pMSCGpuro, and ST2 cells infected with m¥8/422b pMSCV
puro. The protein extracts were incubated with antibody agdd&tR2. Sepharosinked
Protein G was then added to the prowitract. The solution was centrifuged and the supernatant
removed. A Western blot was performed and the membrane was probed witha it
goatantirabbit secondary antibody. Bands were visualized using chemiluminescence.
Quantitative RalTimePCR

RNA was extracted from harvested 3B or ST2 cells using chloroform and purified
with QI AGENG6s RNeasy VilenaaCAKTotal RNAdomsdatEabbn was ¢ .
measured using a spectrophotometer. Using Tagman reagents and prqigaufi tdtalRNA
was transcribed to cDNA (Applied Biosysteriigster City,CA). Gene expression levels were
analyzedoy quantitative PCRgqPCR)usingMyiQ reattime PCRdetection systenB{o-Rad,
U.K.). Amplified products were detected using SYBReen fluorescent dy@ ATA-box
binding protein (TBP) was used to normalize gene expression. Fold change was calculated based
on the levels from TBP normalized against the samples amplified by Dicer primers or Ago2
primers. The primer sequende r A g 0 2CTEGTEGGECCGTHGCTCTTC36 (F)}) and 5
ACTTCTCTGCCCCCACCEB 6 (R) . The primer sCEAACences for
CTGCTCATTGCAACA3 6 ( F)YTG@ACGTCEDBITAGACTGGA3 6 ( R) . Pri mer s
for TBP were designed as reportadSt-Pierreet al.[28]: -ACECTTCACCAATGACTC

CTATG-3 0 ( F)TGAQTGCASCAAATCCCTTGG3 060 ( R) .

13



Transient Transfection
PCR was usetb amplify 306400 bpl ong s e que n-WeERsofdiXdommaint he 30
containing 1 Dixdcl), LIM domain containing preferred translocation partner in lipobiH,
Sp1 transcription factqiSpl), nuclear reeptor interacting protein N¢ipl), andnuclear
receptor caerepressor 2NCOR2 from mouse genomic DNA. All amplified sequences included
the Zbpmir3 78/ 4 2 2 BUCAGGAAN-3 0 50PCR products were inser
Cloning Vector(Invitrogen Corp, Carlsbad, Californig containing a Kanamyeciresistant gee,
and then transformedintoBHU cel | s. Pl asmi d DNA was purifie
Miniprep Kit or theQIAGEN Plasmid Maxi Kitf(QIAGEN Inc.,Valencia,CA), depending on
theamount of DNA neded. Colonies were grown on LB Kanamycin plates, and colonies were
selected for sequencing. Clones with correct sequences were enzyme digested and ligated into
the pGL3Control Vector(Promega Bio&iences, San Luis Obispo, Ctiat containg
luciferasebased reporter gene. The FUGERHTansfection Reagent (Rochedianapolis, IN
or Lipofectamine 2000 (Invitrogen CorCarlsbad, Californiawas used to transfect pGL3
pl asmids with and without the 30UTR imserts f
NIH/3T3 cells or 293T cells. For the luciferase assays conducted for Dixdcl and LPP,
pcDNA3.1 and pcDNA3.1+miR878/422b plasmids were also transfected into the same cells.
Because the pMSCYV vector was more stable, for the luciferase assays condUud@O R,
Nrip1, and Spl, pMSC¥uro and miR378/422b pMSCWuro were used in place of pcDNA3.1
and pcDNA3.1+miR378/422b. pRESV40 Renilla plasmigPromega Bio&iences, San Luis
Obispo, CA)was used to normalize the luciferase activity. After 24 hourselhewere
harvested and a luciferase/Renilla assay was conductell $amples using a luminometer.

There were three samples for each treatnfgmlysis of variance (ANOVA) statistical analysis

14



was performed using GraphPad Prism 5.0 software with &Boni posthoc test to determine
statistical significance fahemeasuremestT he Di xdcl sequence was amp
CACTCCCTGGCTGCTTCTES 6 ( F )GT@MGEACFTEGGCTTTCAT3 6 ( R) . The L
sequence was aAGACACCTCEATTIGEAGTE3:0)50Bnrd 560
GCTGTGTGACAATGGCCTAA3 6 TR¢ . NCOR2 sequence -was ampl i
GAGCGCTCTGGCTTTGGT3 6 ( F YAGAAGATTGATTTAAAGACATCATGG-36 ( R) .
The Nripl sequence-AMEATCRABECGARATCEGGLTICEGAATACG 5 06
36 ( F)TTAGUTIECTAGAGCT GTGCAGAGGACAGTTTG3d (R). The Spl se
was ampl i f-AAGATCBAGRIQCATTSI@GTCCTTTCTATGG3 6 ( F)Y and 560
TTACTTCTAGAGCCCTCTTCCTCCAGAGATG-3 6 ( R) .
Knockdown of Ago2and Dicer in 313

21-nt long short hairpin RNA loops were designed to knockdégo2 mRNA and Dicer
MRNA. The sequences were designed as reported by Schmittd26i.ahgo2_sh25 6
GATCCCGCAGGAQRAAGATGTATTATTCAAGAGATAATACATCTTT GTCCTGCTTTT
TGGAAA-3 0 ( F AGGINTAaCCABRAAAGCAGGACAAAGATGTATATCTCTTGAAT
AATACATCTTT GTCCTGCGG3 6 ( R) . DGATE@ACATSTGGCTTCEDCCTGGTT
ATGTTCAAGAGACATAACCAGGAGGAAGCCAATTTTTGGAAA-3 6 ( FYAGE@mHd 56
TCCAAAAAATTGGCTTCCTCCTGGTTATGTCTCTTGAACATAACCAGGAGGAAGCCA
ATGG-3 6 ThR forward and reverse oligo strands were annealed and cloned into the
pSUPERIOR.retrguro vector andinearized with Bglll and Hindlll. The vector was
transformed intdH5 U ¢ e |cbrrect ins&rts were confirmed by sequencing. Retroviral
plasmids were transfected into 293T cells by calcium phosphate coprecipitation. Media from the

293T cells that had been transfected with the virus was collected and filtered througa 0.44
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sterile Millipore filter into tubes with polybrene. The media was then poured onto subconfluent
3T3-L1 preadipocytes. Cells were split after they had reached 80% conflueneel €8s
were transfected with pSUPERIOR control and pSUPERIOR+AQo02. 2 sets f13ddls were
transfected with pSUERIOR control, pSUERIORwith the short hairpin Ago2 (shAgo2), and
pSURERIORwith theshort hairpin Dicer (shDicerDn day 9, RNA was extracted from each set
of cells and reverse transcribed vi-RCRto produce cDNAThen, RealTime Quantitative
PCR was conducted for each set of cells with TBP, Ago2, and Dicer primers to confirm that
Ago2 and Dicer were knocked down (data not shown).
Thin-Layer Chromatography

Cells were incubated for 2 hours in the presencé&'eldcetc acid and were then lysed
with 0.5 mL of methanol. 1 mL of chloroform was then added and migadlly, an additional
0.5 mL of 0.1 N HCI was addexhd mixed The mixture was centrifuged at 50@ %or 30 min.
The organic phase was washed with @L of distilled water twice, anche dried pellet was
resuspended in chloroform. For separation of extracts, dichloroeticatie acid (100:1, vol/vol)
was used. Accumulation of extracts on the sijebplates were exposed to film. A twailed

St u d etest wasusdd to analyze sigcéfhce of the data.
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Results
Identification of miR378/422b target genes
To investigate whether predicted target genes were true targets f@78i822b,
NIH/3T3 cells or 293T cells were transfected with eitherglsL3 control vector or the pGL3
control wvector containing the 30UTR sequences
pcDNAS3.1 or pcDNA3.1+miR378/422b plasmids, or pMSGpuro or miR378/422b pMSCV
puro. pRL=-SV40 Renilla plasmid was used to naidire the luciferase activity. After 24 hours,
the cells were harvested and a luciferase/Renilla assay was conducted for all samples.
significant (<0.05) decrease in luciferase actiwithencellsare transfected wittihe
pcDNAS3.1/pMSCVpuro vector with the miR378/422binserti n t he presence of p
compared to cells transfected wihly thepcDNA3.1/pMSCVtpuro vectorin the presence of
p GL 3 + 3 0 éxpeBtediif the predicted target gene is actually a target oBFBRI22D.
Alternatively, a sigificant decrease (p<0.05) in luciferase activity when cells are transfected
with pcDNA3.1/pMSCVpuro vector with the miR878/422hinsertin the presence of
p GL 3 + 3 éomFared to cells transfected with pcDNA3.1/pMS@Wo with miR378/422b
would also sugest the gene to be a target of R8R8/422b.
In the liciferase assagonducted for Nrip1, no significanhanges i@ observedn
luciferase activitypetween any of the treatmengsiggesting that Nripl is not a target gene of
miR-378/422h(Figure ). Fa Dixdcl, LPP, and Spl, thereeasignificant increases in
luciferase activity when both miB78 4 2 2 b a-UTR sdquercerd piesent compared
when only miR378/422bs pesent suggesting an interaction bet
UTRs although tlere 5 an increasebservedather than a decreaégure %A, B, C). However,

thereare also significant increases in luciferase activity when cells were transfected with
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pPcDNA3.YpMSCV-puroa n d t h e -UpR>kd@ien@ @ompared to cells transfected only
with pcDNA3.YpMSCV-purog s uggesting t haUWTRsegencpaogeny nc e
havecaused a change in luciferase activityaddition, specifically for predicted target gene Sp1,
thereis a significantincreasan luciferase activitywhen bothhe3 - TR and the miRNAare
present ompar ed t o wWhRispresentHoyweverhheresalgo a significant
difference in luciferase activity between the two treatments in the coB&edd on the data
available Nrip1, Dixdcl, LPP, and Spl damhappear to be targets of mg¥8/422b.The
luciferase assays should be repeated to determine the reason for the unexpected increases in
luciferase activity.

NCOR2 B the only predicted target gene in whickignificantdecrease in luciferase
activity is observed in cells transfected will SCV-puro vectorcontainingthe miR378/422b
seed n t he pr esenacempardd topebsiransf8ctedEMSCV-puro and the
miR-378/422bseedonly (Figure ). However, therés also a significant incase in luciferase
activity in cells transfected witthe pMSC\¢puro vector with the miR878/422b in the presence
of p GL 3 eoBnpated tB cellhatare transfected witbnly thepMSCV-puro vector in the
presence of.A@GdndlytBeteid dsgnificant difference in activity between the
two treatments in the control. A significant decrease in luciferase agt\walgo observed when
cellsare transfected with pMSGyguroa n d t h e -UpR>kqRien@ @ompared to cells
transfected only with pcDN3\1.Because the luciferase assay results for NCaGR2
inconclusive, an immunoprecipitation was done specifically for NCOR?2.
Confirmation that NCOR2 is not a target gene for +8iF8/422b

Because ofhecontradictoryluciferase assay results of NCORA,immmunoprecipitation

was conducted to confirm that NCORZ2 is not a target gene foi3T#R22b Protein was

18
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extracted fronBT3-L1 cells, ST2 cells infected with pMSCGpuro, and ST2 cells infected with
mMiR-378/422 pMSC\-puro. Bands blotted from sampleddre the immunoprecipitation
served as controls. NCOR2 protein was expressed in ST2 cells infected with pMB&&G\ST2
cells infected with miR378/422b pMSCMWuro, and 3Td.1 cells in bands blotted from samples
after the immunoprecipitatioffrigure 6) However, no decrease in NCOR2 protein expresision
seen in ST2 cells infected with miB¥8/422b pMSCWuro compared to ST2 cells infected with
pMSCV-puro only. The results ohis immunoprecipitation suggestat NCOR2 is not a target
gene of miR378/422bHowever, because the data is from one sample, to definitively confirm
that NCOR2 expression levels do not change with overexpression e378/R22b, more
immunoprecipitations will need to be done watgreater number of samples.
Gene expression level§ Ago2 and Dicer in ST2 and 33 cells

To determine Ago2 and Dicer gene expression levels in ST2 artlBB3E8lls,RNA was
extracted from harvested 313 or ST2 cellsandexpression levels were analyzeyl
guantitative PCRThe data was based off oflprone sample, so no error bars coudd b
calculatedFigure 7) However the prelimirary results of this experiment show tiater
expression stay®latively constant throughout the six days of differentiation in both ST2 and
3T3L1 cdls, with a slightincrease onaly 4 in both typesf cells. Ago2 expression stays
relatively constant in 3T-B1 cells, but a large increase in expressgaxhibited a day 4 in
ST2 cells.This preliminary experiment suggesis substantial difference in Dicer expression
during adipocyte differentiation. However, changes in expression of Ago2 dadipggenesis
in ST2 cellsndicatethat 3T3L1 and ST2 cellsary in how they differentiate. Furthermore, the
data indicates thago2 expression levels do change during diffiéegion. Further

experimentation must be conducted to give definitive conclusimvsever
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Lipid metabolism in Ago2 knockdown and Dicer knockdown cells

To produce Ago2 knockdown and Dicer knockdown c8l1$3-L1 cells were transfected
with pSUPEROR mntrol and pSUPERIOR+Ago2. Twaets of 3T3L.1 cells werdransfected
with pPSURERIOR control,pPSURERIORwith the shAg@, and pSUERIORwith the shDicer.
Thin-Layer Chromatography was used to separate ex{ffégisre 8) A comparison between the
control verss the shAgo2 samples showmtAgo2 knockdown result® asignificantdecrease
in triacylglycerol(p<0.05) No differences irtriacylglycerol accumulationra seen betweedhe
control and shDiceBoth shDicer extras and shAgo2 extracts exhikignificant decreases in
phospholipid (p<0.05) The decrease in lipid metabolism in Ago2 knockdown cells indicate that
Ago2 plays a crucial role in lipid metabolism in differentiating adipocykdslitionally, the
observation thabicer knockdown cells did not eidit changes in triacylglycerol accumulation
but diddisplaya decrease in phospholipid content compareditralocells suggests that Dicer
plays a role in lipid metabolism, but perhaps one that is not asen@mpassing as that of
Ago2. Because theiiial cells from the extract were incubated witfJacetic acid, the
decrease in triacylglycerol and phospholipid from shAgo2 knockdowns indicate that Ago2 plays
a crucial role in lipogenesis, suggesting that there is an abnormality in the conveesietatd
to fatty acidsvhen Ago2 is knocked down
Adipocyte differentiation in Ago2 knockdown cells

Equal quantities of protein from lys&33-L1 Ago2 knockdowrcellsfrom Day 9were
separated via SDBAGE and transferreainto nitrocellulose membranegslut4, FABP4, and
C/ EBPU were each dewiteusdofahtibodiesntpnotein baadswerea n e
visualized. As three common adipocyte markessanges irGlut4, FABP4, and C/EBP

expression iMAgo2 knockdown cells indicathat AgoZ2 affects celldifferentiation. No changes
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are observed in protein expression in cells transfectedp8tHPERIOR+Ago2 compared to
cells transfected witpSUPERIOR onlyn blotspreparedor all three adipocyte markegBigure
9). The results of this experiment show tAgb2 does not have a significant effect on adipocyte

differentiation in 3T3L1 cells.
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Discussion

The purpose of this research was to better elucidate the roles of miRNAs and the known
mMiRNA-processing proteins in adipogenesis. Aecccomponent of my investigation was focused
on locating the target gene(s) of m#8/422b, termed so because it is unknown which strand of
the stem in the stetoop precursor eventually becomes theurs, functional miRNA. miR378
and miR422bwere bothupregulated when miRNAs were differentially screened for expression
between 3Td.1 preadipocytes and adipocytes via miRNA microarrays. Furthermore,
overexpression of mi#378/422b in ST2 cells led tagreased lipid droplets on day8
differentiation(Figure 4) Because thse preliminary results indicate that m88/422b
influencesadipogenesis in some manner, it was chosen to be the main miRNA of focus in my
research.

Using the method of transient transfection, cells were transfected with vectamitant
the miR378/422b seed and vectors containing a80D 0-UTRdase pair insert of the
predicted target genBecause miRNAs are understood to function by repressing transkation
decrease in luciferase activitg expectedvhen both miR378/422b ad t HU&R d3 the target
genewith the miR378/422b seedratransfected into cellT he luciferase assay results from the
transfectiondid not show conclusively that i, NCOR2, Spl, Dixdcl, or LP® betarget
genes omiR-378/422b(Figure 5) Although my researcHid not pinpoint a target gene wiiR-
378/422b, this does not eliminate the possibility that a target gene for the specific miRNA does
not exist. Based on TargetScan 4.2, there are 334 predicted targets37T8MR2b. One or
more of thes@redicted targets, which | have not yet explored, bwthe target of miR
378/422bln addition to the possibility that the target gene for 18i8/422b exists but has not

been identified, there is the possibility that rRBR8/422b functions in a manniat differsfrom
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the conventional way that miRNA®ve been known to act. The fact that the 1318/422b
sequence is found to be located withinfirg intronof PGCL fprovides a compelling reason to
investigate the possibility that the specific sequagieesPGCD a unique function in its action
as a coactivator in metabolic pathwdlygyure 3)

Another indication that miRNAs may act in wastdl unknown comesrbm a
preliminary study conducted in the MacDougald laboratory stiggethat miR378/422b may
beat ransactivator of the | eptin promoter in th
results, introduction of the miR78/422b seed into cells withnald-type leptin promoter ithe
presence of inGhiEcR&YIn relatiseduciferase activity compared to the
introduction of the miR378/422b seed into cells with a leptin promoter mutated in the C/EBP
binding site in WheamiRlOz amiRNAavitha diffe@nt EeguRhte
from miR-378/422bjs used in place of mik’78/422bin the experiment, no changag &een in
relative luciferase activity between the use of the syjue leptin promoter and the use of a
leptin promoter mtated at the C/EBP binding site. The results of this experiment suggest that
miR-378/422b, unlikemiRL0Oa, i s specific for |l eptin and C/
for how miR378/422b can cause increased activity is unknown. Yet, the data supgestsR
378/422b may not function in the conventional method of translational repression.

Because Ago2 is an integral part of the miRNA processing procedure, | investigated the
effects Ago2 knockdown had on adipocyte differentiation and metabolisnn.oddiating Ago2
knockdown cells, | conducted a Western blot of key adipocyte markers to assess any changes in
adpocyte differentiation. There @amo differences seen in protein expression of Glut4, FABP4,
andC/BPU between the control c@ibured) Foomthese he Ago 2

results, |1 conclude that Ago2 does not visibly affect adipocyte differentiation. The data suggests
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that Ago2 does not process any miiRA§oRsdoeg Ihat
would have expected to see changes in protein expression of the adipocyte markers in the
knockdown cells compared to the control cells. Another explanation for the results is that Ago2
does process the miRNAs that target the three adipoegtkers, but perhaps another processing
protein, or another member of the Argonaute family yet unidentified, is capable of
complementing the role of Ago2 in the céfl.a very recent publication by Iwasaki et al.
studying translational repressionbmosophila Agol-RISCis able to induce translational
repression through deadenylation of mMRNA. Also, Agol is suggested to inhibit translation of
mRNA after niG-cap recognition. Ago2, on the other hanchétievedto repress translation of
mRNA by blocking he function of the #G-cap structurg30]. To fully determine the role of
Ago2 in adipocyte differentiation and metabolism will require further research into the other
members of the Argonaute family and their ability to translationally repné3$A. Additionally,
other adipocy¢ markers shoulde assessed via Western blotd&termine ifAgo2 knockdown
affects the protein expressionawfipocyte markers that | disbhinvestigate in my research.

To better understand the role Ago2 and Dicer may play in adipoelgted mechaniss,
| studiedlipid metabolism vial' hin-Layer ChromatographyComparisons were made of
triacylglycerol and phospholipid content in control cells, Ago2 knockdown cells, and Dicer
knockdown cellsvith incorporation of {*Clacetic acidFigure 8) While no clangesare seen in
triacylglycerol content in Dicer knockdown cells, changesobserveth the Ago2 knockdown
cells. For both triacylglycerol and phospipad content, shAgo2 samples halecreased
guantities compared to the control. shDicengkes onlyshowdecreased quantities in
phospholipidcontent compared to the control. Becausertfiali cells from the extractra

incubated with J*Clacetic acid, the decrease in triacylglycerol and phospholipid from shAgo2
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knockdowns indicate that Ago2 plays aaal role in lipid metabolisnmsuggesting thahgo2
knockdown leads tan abnormality in the conversion of acetate to fatty acids. Perhaps Ago2
affects, indirectly through miRNAs or even directly in an unknown manner, genes involved in
lipid metabolism. [cer may also directly or indirectly affect miRNAs involved in lipid
metabolism, but perhaps it affects those that are more specifically involved in phospholipid
metabolism rather than triacylglycerol metabolism. Although not examined in my research,
expression of key lipid metabolism genes suclPaB A Rtwuld be analyzed when Ago2 is
knocked down to determine if shAgo2 affects such genes. Expression of common adipocyte
differentiation markers and othigpid metabolismmarkersshould also bexamined irshDicer
cellsvia Western blots and Thibayer Chromatography, respectively

To gain a better understanding of Ago2 and Dicer claratics during adipogenesis,
gPCRs were conducted studyAgo2 and Dicer expression levels throughout differentmaitio
3T3-L1 and ST2 cells. Both Ago2 drDicer expression levels steslatively constant
throughout differentiation in 3F81 cells, while Ago2 expression hasubstatial increase in
ST2 cells on dy 4(Figure 7) This preliminary experiment suggestssubstantial difference in
Dicer expression during adipocyte differentiation. Howegkanges in expression of Ago2
during ST2 cell differentiation suggakiat 3T3L1 and ST2 cellkhave distincpropertieduring
adipogenesig-urthermore, the data inditesthat Ago2 expression levels do change during
differentiation. Theesults from this experimentweceo mpar ed t o data retri e\
GEO Datasets. Gene expression of Ago2 at various points i.Bp8eadipocyte differentiation
display an increaein expression from preconfluent®12 hours, followed by a decssain
expression until @y 3 and a subsequdncrease in expression unteyl 7[31]. Although

expression of Ago2 vganalyzed adifferent time pointgluringadipogenesis 3T3-L1 cells in
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my experiment, the constant Ago2 expressibservedhroughout the dasyof differentiation
analyzed (day 0,ay 2, day 4, andaly 6) in my data differs greatly from the rises and falls in
expression in the GEO Dataset. Although a set of results on Dicer expres3it3L1 cells
were found in th&EO Dataset, the investigators who provided the data expressed no confidence
in accuracy of the data. N@EO Dataset is present for Ago2 and Dicer expression in ST2 cells.
While my initial experiment suggests differences in Ago2 and Dicer expressior2ice83 and
also differences in Ago2 expression between ST2 anelL.3T&:lls, no definite conclusions can
be made. Bcause thgPCRfor Ago2 and Dicer expression levels only involved one sample, this
experiment will have to be repeated with a greater nuwib&mples to gain better data
accuracyOnce more data has been gathered, this can be compared with the GEO Dataset results
for Ago2 expression in 3TFB1 cells again.

My research attempted to provide a better understanding of miRNA processing and to
decipher specific miRNAs involved in adipogenesis. While 18i8/422b has been determined
to play a role in proper adipocyte development, no target gene e8#dR22b was found in my
research. Preliminary studies also suggestg18/422b may function uoaventionally and
perhaps as sansactivator. The experiments conducted in this research together indicate that
Dicer is involved in lipid metabolism and thago2 is involved in lipid metabolism rath#ran
adipocyte differentiationPerhaps Ago2 only jcesses apecificgroup of miRNAs involved in
similar functionsHowever, with new insight into the other members of the Argonaute family, it
may be possible that other Ago proteins compl

Because of the novelty of resela on the role of miRNA in adipogenesis, this
investigation served as a basis for further research on understanding the variety of ways miRNAs

function in the cell during differentiation and development. Further studies to better elucidate the
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specific rde of miR-378/422b include investigatisiof other potential target genes and further
research into the possibility of miRNAs functioning in ways other than through translational
repressionAgain, repetitions of the experiments conducted in my reseatcheaital in

gathering stronger data, leading to more conclusive regualtstionally, because of the intricate
balance between osteogenesis and adipogenesis and the common set of proteins that affect both
differentiation pathways, it is worthwhile toviestigate changes in osteoblast markers when

MiRNAs, such as mi878/422b, are manipulated.
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Figure 1. Commitment ofmesenchymal stem cells to a cell lineage depends on various
factors.
Various facors determine the outcome of mesenchymal sten{M&C) differentiation,
including cytokines, transcription factors, and hornsone P PahdRCQ/EBPs arenportant
transcripion factos for committing MSCs to the adipocyte lineddg
Figure 2. miRNA processing begins in the nucleus and the mature form exhibits its activity
in the cytoplasm.
DNA coding for miRNA is transcribed ité nucleus by RNA Polymerase Il and the
resulting primiRNA is initially processed by RNase 11l enzyme Drosha. ThengfRNA
contains a hairpin loop and imperfect stem. Once it is exported out of the nucleus by exportin 5,
it follows a processing pathwaynslar to that ofSiRNA. Dicer cleaves the hairpin loop off of
the premiRNA, leaving a miRNA:miRNA* duplex. The duplex is unwound and assembled onto
theRISC. Here, Ago2 of the Argonaute family of proteins, joins the assembly. The final
assembled complecan follow one of two paths. (A)HE miRNA binds with imperfect
compl ement aUTR tegion bfahe MARNA, re&udting translational repression, or (B)
the miRNA binds with perfect complementarity to the mRNA, resulting in mRNA cledtdge
Figure 3. The miR-378/422b sequence is foundithi n PGC1 b .
miR-378 and miR422b are derived from the same stlemp precursor. (A) miRB78 is
derived from the 50 efq22bfi §$ hdempireedrfsomomwthihe
miR-378/422b sequence is foumithi n t he f i r st i nrnredoThebar§ PGC16Db,
di spl ayed below the PGC1b ge meé8/432hsequencensat t he
presenin P G C 1sfnighy conserved amongst organisms. This figure is used with permission

from Dr. Isabelle Gerin.
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Figure 4. Overexpression of miR378/422b in ST2 cells leads taocreased lipid
accumulation at day 3.

To begin the study of possible miRNA roles in adipocyte differentiation and metabolism,
mMiRNAs were differentially screened between dT3preadipocytes and adipocytes using
microarraysNorthern blot analysis confirmed the-ugyr downregulation of several miRNAs
during adipocyte differentiation. Ospecific mMiIRNA, miR378/422b, $ upregulated during
adipocyte differentiation. Thus, the miRNA was overexpressed in ST2 cells usingvaaktro
systemCompared to (A) control cells, (Byerexpres®n of miR-378/422b corresponds
increased lipid aagnulation in the adipocytes ahyl3. Approximately the same number of
adipocytes can be found in any given field in both samples, but atlsmvoverexpession of
miR-378/422b contaitarger lipid droplets.

Figure 5. Dixdcl, LPP, Nrip1, Sp1, and NCOR2 are not targets of mid78/422b.

293T cells were transiently transfected as describ&teihods Error bars were based on
standard deviatianfrom the mean of the relative luciferase acegitof three samples. The
controls for each luciferase assay were cells tratesfegith pGL3 and with
pcDNA3.1pMSCV-puro with or without miR378/422b. The experimental samples were cells
transfected with GL3+3 6 UTR of t he r espec/pMS€\epurovdth g et
or without miR378/422b. Analysis of variance (ANOVA) statistical analysis was performed
using GraphPad Prism 5.0 software with a Bonferroni-posttest to determine statistical
significance for each measurementth p<0.05 (*), p<0.01 (#), and p<0.001 (Relative

luciferase activity is shown for (A) Dixdcl, (B) LPP, (C) Spl, (D) Nripl1, and (E) NCOR2.
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Figure 6. Immunoprecipitation of NCOR2 confirms that it is not downregulated when
mMiR-378/422b is overexpressed.

An immunoprecipitation experiment was conducted to study NCOR2 protein expression
levels. No considerable NCOR2 protein bands are visible in the samples before
immunoprecipitation, and a sample from HelLa cells was used@#m@|. The amount of
protein between ST2 cells infected with pMS@Wro and cells infected with miB78/422b
pMSCV-puro are quantitatively similar. NCOR2 protein is also present in the. 32l
sample, but in a lower amount.

Figure 7. Dicer mRNA expession differs from Ago2 mRNA expression during
differentiation in ST2 and 3T3-L1 cells.

A gPCRwas conducted to measure levels of Dicer and Ago2 expressioipat e
differentiation of (A)ST2 cellsand (B) 3T3L1 cells Dicer expression levels steglatively
constant throughout the six days of differentiation in both the ST2 andl BT8lls. Ago2
expression levels staypnstanin the 3T3L1 cells but theres a noticable increase in
expression onal 4 in ST2 cells.

Figure 8. Ago2 knockdown affets lipid metabolism.

Thin-Layer Chromatography of cells incubated witfC]acetic aail was conducted to
study changes in lipid metabolism in Ago2 knockdown cells and Dicer knockdownAcedls-
tail ed -Bstwabeasedt@analyze significancéhefdata (p<0.05)[he extracts of
triacylglycerol from shAg@2 compared to the control shomat there is gignificantdecrease in
triacylglycerol when Ago2 is knocked down. No significant differems observed in
triacylglycerol quantitieetweerthe controland shDicerBoth shAgo2 andhDicersamples

exhibit a significant decrease in pbolipid concentratioevhencompared to the control.
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Figure 9. Ago2 knockdown does not affect adipocyte differentiation.
Western bots were conducted to investtgaany quantitative changes injgatcyte
markers expressed in Ag&nockdown cells compared to control cells. Thestérn ots
conducted of thredifferent adipocyte markers, (8lut4, (B) FABP4, and (TC/ E B $halv
no signficant changes in expressiameach of the proteins between the p&EBRFOR control
and the Ago2 knockdowns. This suggests that Ago2 does not directly affect differentiation in

adipocytes.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.

NCOR2

After IF

Before I[P

I'T-£1LE

{ZIS) 4TTHIgLE- WU +

(z18) ADsHd

TOIPL02 YL
(ZIS) CITHBLE-W+

(ZI5) ADSTHd
I'TLIE

— NCOR2

40



Figure 7.
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Figure 8.
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