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Abstract Our data in the previous report demonstrated

that C10orf116 (AFRO) is an adipocyte lineage-specific

nuclear factor that can modulate the master adipogenesis

transcription factors early during differentiation. However,

more precise functional properties of this gene need to be

clarified and await further investigation. Therefore, in this

study, we performed an expression profile of cellular Mi-

croRNAs (miRNAs) in the C10orf116 overexpression 3T3-

L1 adipocytes and performed target prediction and func-

tional enrichment of the differentially expressed miRNAs.

Our study identified 34 miRNAs up-regulated in the 3T3-

L1 adipocytes stably overexpressing C10orf116, whereas

43 miRNAs up-regulated in the control cells. The target

genes of differentially expressed miRNAs were found to be

involved in multiple signalling pathways, such as Wnt,

TGF-beta, MAPK, Jak-STAT, insulin signalling pathway,

et al. Our data provided novel information for the identi-

fication of C10orf116.

Keywords Obesity � Adipocyte � MicroRNA

microarray � Target prediction � Functional

enrichment

Introduction

Obesity is a serious medical problem because it increases

the risk of hypertension, type 2 diabetes mellitus, coronary

heart disease, sleep-breathing disorders, certain forms of

cancer [1], and it appears to markedly decrease life

expectancy due to an increased risk of death by all causes

[2]. The current epidemic of obesity in developed and

developing nations, with its implications for public health,

emphasizes the importance of understanding the complex

mechanisms implicated in obesity development. Unfortu-

nately, although over 600 genes, markers and chromosomal

regions have been identified as associated with or linked to

human obesity phenotypes [3], the responsible genes

remain unknown in [95 % of severe obesity cases [4].

Thus, identification of novel genes and proteins associated

with the development of obesity remains an important issue.

Our data in the previous report [5] demonstrated that

C10orf116 is highly expressed in adipose tissue and is

localized primarily within the nucleus. Overexpression

studies in 3T3-L1 adipocytes indicated that it up-regulates

the transcription levels of C/EBPa and PPARc and pro-

motes adipogenic differentiation starting from the early

stage of adipogenesis. However, more precise functional

properties of this gene need to be clarified and await further

investigation.

MicroRNAs (miRNAs) are single-stranded and small

noncoding RNA molecules of 18–24 nt in length that

negatively regulate the expression of target genes in a post-

transcriptional manner, by binding to messenger RNAs in a
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sequence-specific manner [6]. A single miRNA can regu-

late the expression of many target genes, and a target gene

can also be regulated by several miRNAs [7]. These short

molecules are conserved from worms to mammals; this

high conservation of miRNAs sequences highlights the

significance of their function. They contribute to the reg-

ulation of a variety of biological functions across diverse

organisms such as apoptosis, proliferation, differentiation,

development, cell cycle, stem cell maintenance, metabo-

lism and hematopoiesis [7–10]. Recent studies reported

that adipogenesis in humans and mice is also regulated by

miRNAs, with several miRNAs being reported to have pro-

or anti-adipogenic roles [11, 12] through repression of

various genes, including transcriptional factors such as

PPARc, PPARa and KLF5 [13–16]. Therefore, miRNAs

might also be implicated in the mechanisms of C10orf116

regulating adipogenesis.

Current methodologies have been developed and applied

successfully in miRNA profiling, including miRNA micro-

arrays [7]. The use of microarrays for global characterization

of miRNA expression is becoming an increasingly important

research tool [17, 18]. Therefore, we performed an expres-

sion profile of cellular miRNAs in the 3T3-L1 adipocytes

stably overexpressing C10orf116 in this study. Then, we

performed target prediction and functional enrichment of the

differentially expressed miRNAs. Our data provided novel

information for the identification of C10orf116.

Materials and methods

Cell culture and differentiation

3T3-L1 preadipocytes (ATCC, Manassas, VA) were main-

tained in Dulbecco’s medified Eagle’s medium with 10 %

fetal calf serum (Biomedia, Boussens, France), 100 U/ml

penicillin, and 50 lg/ml streptomycin (Life Technologies,

Inc.) at 37 �C in 5 % CO2. 3T3-L1 cell lines that stably inte-

grated either the pcDNA3.1Myc/HisB-C10orf116 plasmid or

the empty vector were established as previously described [5].

To induce differentiation, 2-day post-confluent 3T3-L1 pre-

adipocytes were exposed to the differentiation cocktail

(100 lM methylisobutylxanthine, 0.25 lM dexamethasone,

1 lg/ml insulin). Two days later, cells were switched to

medium containing 1 lg/ml insulin for 2 days. The cells were

then switched back to DMEM containing only 10 % FCS until

day 8. Cultures were replenished every 2 days.

Total RNA preparation

RNA was isolated using the RNeasy Mini Kit (Qiagen,

Hilden, Germany) according to the manufacturer’s

instructions.

MicroRNA microarray assay

Expression levels of 611 microRNAs (Sanger miRBase

12.0) were studied using lParafloTM microRNA micro-

array kit (LC Sciences, Houston, TX, USA). The assay

started from a 2 to 5 lg total RNA sample, which was size

fractionated using a YM-100 Microcon centrifugal filter

(Millipore, Billerica, MA, USA) and the small RNAs

(\300 nt) isolated were 30-extended with a poly(A) tail

using poly(A) polymerase. An oligonucleotide tag was then

ligated to the poly(A) tail for later fluorescent dye staining.

Two different tags were used for the two RNA samples in

dual-sample experiments. Hybridization was carried out

overnight on an lParafloTM microfluidic chip (LC Sci-

ences, Houston, TX, USA) using a microcirculation pump

(Atactic Technologies Inc., Houston, TX, USA) [19, 20].

On the microfluidic chip, each detection probe consisted of

a chemically modified nucleotide-coding segment com-

plementary to target miRNA (from miRBase, Version 10.0,

http://microrna.sanger.ac.uk/sequences/) and a spacer seg-

ment of polyethylene glycol to extend the coding segment

away from the substrate. The detection probes were made

by in situ synthesis using photogenerated reagent (PGR)

chemistry. The hybridization melting temperatures were

balanced by chemical modifications of the detection

probes. Hybridization used 100 lL 6 9 SSPE buffer (0.90

M NaCl, 60 mM Na2HPO4, 6 mM EDTA, pH 6.8) con-

taining 25 % formamide at 34 �C. After hybridization

detection by fluorescence labeling using tag-specific Cy3

(for cells transfected with the C10orf116-pcDNA3.1 vec-

tor) and Cy5 dyes (for cells transfected with the

pcDNA.3.1 vector), hybridization images were collected

using a laser scanner (GenePix 4000B; Molecular Devices,

Union City, CA, USA) and digitized using Array-Pro

image analysis software (Media Cybernetics, Bethesda,

MD, USA).

Data were analyzed first by subtracting the background

and then normalizing the signals using a locally-weighted

regression (LOWESS) filter [21]. For two color experi-

ments, the ratio of the two sets of detected signals (log2

transformed, balanced) and P values of the t test were

calculated; differentially detected signals were those with

less than 0.01 P values.

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was performed

with a miScript System (Qiagen, USA), which included

specific primers for miRNAs. All procedures were per-

formed according to the instructions provided by the

manufacturer. The reverse transcription (RT) reaction

system contained 1 ll miScript Reverse Transcriptase Mix,

4 ll 59 miScript RT Buffer and 15 ll RNase-free water.
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The 20 ll RT product was diluted into 100 ll. The pro-

cedures was 37 �C for 60 min and 95 �C for 5 min.

Reaction system of quantitative Real-time PCR contained

10 ll SYBR Green PCR Master Mix, 2 ll miScript uni-

versal primer, 2 ll specific primer (mmu-miR-1944 CTC

TGT GCT GAA TGT CAA GTT CUG ATT; U6 Sense: 50-
CGC TTC GGC AGC ACA TAT AC-30 Antisense: 50-TTC

ACG AAT TTG CGT GTC AT-30), 1 ll cDNA and 5 ll

RNase-free water. The procedure for PCR was 95 �C

15 min; 94 �C 15 s, 55 �C 30 s, 70 �C 30 s, 45 cycles. RT

reaction was performed in ABI 9700 PCR system (ABI,

USA) and real-time PCR was performed in Rotor-gene

6000 PCR system (Corbett, Australia). Each reaction was

run in duplicate and performed at least twice. Negative

control reactions without RT reaction and template were

also performed. Finally, the relative miR-1944 level was

normalized to the endogenous control U6 expression was

calculated by the 2-DCt method.

Bioinformatic analyses for mRNA target and molecular

pathway prediction

Putative target genes regulated by the differentially

expressed miRNAs were predicted bioinformatically and

combining the prediction of their supposed targets with the

bibliographic information of adipocyte gene expression.

For this purpose TargetScan, MicroCosm and miRanda

were used.

In order to identify molecular pathways potentially

altered by the expression of multiple miRNAs, we used the

DIANA-mirPath web-based computational tool [22]. The

software performs an enrichment analysis of multiple

miRNA target genes comparing each set of miRNA targets

to all known KEGG (Kyoto Encyclopedia of Genes and

Genomes) pathways [23]. The combinatorial effect of co-

expressed miRNAs in the modulation of a given pathway is

taken into account by the simultaneous analysis of multiple

miRNAs. The graphical output of the program provides an

overview of the parts of the pathway modulated by mi-

croRNAs, facilitating the interpretation and presentation of

the analysis results.

Results

MiRNA expression profiles in the 3T3-L1 adipocytes

stably overexpressing C10orf116 relative to the 3T3-L1

adipocytes transfected with pcDNA 3.1

We used a miRNA microarray to evaluate miRNA

expression profiles between the 3T3-L1 adipocytes stably

overexpressing C10orf116 and transfected with pcDNA

3.1. The miRNA expression pattern was found to be

different and only miRNAs with a statistically significant

differential expression (P \ 0.01) were listed (Fig. 1;

Table 1). 34 miRNAs were found to be highly expressed in

the 3T3-L1 adipocytes stably overexpressing C10orf116,

whereas 43 miRNAs had lower expression compared to

controls. Two of them, miR-712* and miR-1944, were

significantly up-regulated with a fold change\-2, whereas

miR-1907, miR-374, and miR-15b were significantly

down-regulated with a fold change [2 in the 3T3-L1 adi-

pocytes stably overexpressing C10orf116.

Validation of the microarrays results by qRT-PCR

To further verify and validate the results obtained by

microarrays, we performed qRT-PCR analysis of miR-

1944. The result of qRT-PCR was shown in Fig. 2. The

expression level of miR-1944 was significantly up-regu-

lated in the 3T3-L1 adipocytes stably overexpressing

C10orf116. The expression pattern obtained by qRT-PCR

reflected the results obtained by microarrays, demonstrat-

ing the low false positive rate associated with microarrays

in this experiment.

Target prediction and functional analysis

of differentially expressed miRNAs

To pursue the study, we performed a bioinformatic pre-

diction in order to know the putative target genes regulated

by all miRNAs differentially expressed in the 3T3-L1

Fig. 1 MiRNA expression profiles. Significantly differentially

expressed miRNAs in the 3T3-L1 adipocytes stably overexpressing

C10orf116 relative to the 3T3-L1 adipocytes transfected with pcDNA

3.1 by microarray analysis were shown in red points. P \ 0.01 was

considered significantly
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adipocytes stably overexpressing C10orf116 and transfec-

ted with pcDNA 3.1. For this purpose, the following

computational tools were used: TargetScan, MicroCosm

and miRanda. TargetScan provides miRNA target predic-

tions based on sequence complementary to target sites with

emphasis on perfect base-pairing in the seed region and

sequence conservation [24]. MicroCosm uses a weighted

scoring system and rewards complementarity at the 50 end

of the microRNA [25]. miRanda computes optimal

sequence complementarity between a set of mature mi-

croRNAs and a given mRNA using a weighted dynamic

programming algorithm [9]. These web-based computa-

tional tools are based on different algorithms which are

based on several parameters calculated individually for

each miRNA. All the computational programs predicted

Table 1 Relative expression of miRNAs in the 3T3-L1 adipocytes

stably overexpressing C10orf116 and the controls (P \ 0.01)

No. Probe_ID Sample A

signal

Sample B

signal

log2

(sample B/

sample A)

1 mmu-miR-1907 27.56 157.33 2.71

2 mmu-miR-374 40.56 261.77 2.70

3 mmu-miR-712* 116.74 19.65 -2.63

4 mmu-miR-1944 2,742.79 480.29 -2.57

5 mmu-miR-15b 963.24 4,220.64 2.25

6 mmu-miR-98 96.11 345.72 1.82

7 mmu-miR-346 82.07 225.93 1.55

8 mmu-miR-1937c 264.90 95.02 -1.51

9 mmu-miR-1937a 13,971.22 5,259.79 -1.45

10 mmu-miR-1937b 13,486.68 4,849.19 -1.42

11 mmu-miR-188-5p 83.85 231.95 1.38

12 mmu-miR-183 198.76 587.47 1.38

13 mmu-miR-874 270.26 101.12 -1.35

14 mmu-miR-2135 3,654.57 1,610.41 -1.35

15 mmu-miR-224 544.53 1,587.96 1.35

16 mmu-miR-182 254.36 634.48 1.32

17 mmu-miR-2133 5,020.16 1,947.74 -1.31

18 mmu-miR-450a-5p 158.74 412.36 1.28

19 mmu-miR-34b-3p 149.53 324.04 1.18

20 mmu-miR-350 171.74 370.36 1.17

21 mmu-miR-709 17,890.50 39,152.42 1.13

22 mmu-miR-22 1,490.44 835.73 -1.09

23 mmu-miR-23b 9,725.24 20,189.83 1.09

24 mmu-miR-2145 2,809.56 1,300.49 -1.08

25 mmu-miR-720 6,085.48 2,890.37 -1.07

26 mmu-miR-2137 4,223.22 2,072.19 -1.04

27 mmu-miR-92a 305.32 612.36 1.04

28 mmu-miR-30c 1,904.41 3,579.70 1.01

29 mmu-miR-26b 4,885.72 9,655.90 0.98

30 mmu-miR-1196 534.20 952.64 0.96

31 mmu-miR-218 2,347.12 4,510.52 0.92

32 mmu-miR-34c* 261.74 512.10 0.90

33 mmu-miR-143 7,713.51 4,183.69 -0.88

34 mmu-miR-2142 46,381.88 25,367.02 -0.88

35 mmu-miR-2134 10,698.00 5,809.32 -0.87

36 mmu-miR-2138 11,537.15 6,749.48 -0.87

37 mmu-miR-30e 441.44 235.04 -0.85

38 mmu-miR-1187 327.08 541.08 0.85

39 mmu-miR-805 193.88 347.60 0.84

40 mmu-miR-31 2,360.32 1,335.12 -0.82

41 mmu-miR-361 2,499.15 4,166.89 0.81

42 mmu-let-7e 5,753.24 9,655.33 0.79

43 mmu-miR-106b 840.73 499.18 -0.75

44 mmu-miR-155 857.44 1,449.51 0.75

45 mmu-miR-30b 5,532.65 8,124.65 0.73

46 mmu-miR-574-5p 925.51 1,500.07 0.70

Table 1 continued

No. Probe_ID Sample A

signal

Sample B

signal

log2

(sample B/

sample A)

47 mmu-let-7 g 4,959.32 7,531.79 0.67

48 mmu-miR-23a 14,702.41 23,321.69 0.67

49 mmu-miR-2132 2,920.25 1,872.52 -0.63

50 mmu-miR-99b 6,180.45 3,639.71 -0.63

51 mmu-miR-322* 1,114.46 1,573.01 0.58

52 mmu-miR-99a 3,554.03 2,408.72 -0.56

53 mmu-miR-221 3,898.97 5,669.22 0.55

54 mmu-miR-100 1,835.68 1,219.59 -0.55

55 mmu-miR-125b-5p 26,668.33 18,345.09 -0.54

56 mmu-miR-27b 1,553.58 2,230.23 0.54

57 mmu-miR-762 14,389.61 9,614.20 -0.52

58 mmu-miR-181a 2,627.70 1,749.56 -0.48

59 mmu-let-7d 10,532.66 14,438.20 0.46

60 mmu-miR-145 6,949.17 4,967.66 -0.45

61 mmu-miR-1892 4,312.86 3,010.36 -0.45

62 mmu-miR-689 15,587.54 9,647.71 -0.44

63 mmu-miR-103 3,276.39 2,413.11 -0.44

64 mmu-miR-29a 19,506.16 13,807.15 -0.43

65 mmu-let-7f 13,301.25 17,838.75 0.42

66 mmu-miR-199a-5p 3,339.11 2,604.32 -0.42

67 mmu-miR-21 32,191.07 43,177.18 0.41

68 mmu-miR-690 3,540.93 4,637.62 0.40

69 mmu-let-7b 8,750.46 12,196.37 0.40

70 mmu-miR-151-5p 2,205.10 2,907.00 0.37

71 mmu-miR-27a 4,254.84 3,417.37 -0.37

72 mmu-let-7a 15,301.07 19,000.96 0.36

73 mmu-miR-2141 3,056.27 3,877.86 0.35

74 mmu-let-7c 14,206.02 18,033.57 0.33

75 mmu-miR-10b 4,442.89 5,597.19 0.33

76 mmu-miR-1224 7,990.30 6,412.50 -0.31

77 mmu-miR-26a 27,451.54 34,029.81 0.31
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potential target mRNA genes for the 5 miRNAs signifi-

cantly differentially expressed in the 3T3-L1 adipocytes

stably overexpressing C10orf116 and the controls. For

miR-712*, TargetScan predicted 0, MicroCosm predicted

751 and miRanda predicted 1224 target genes. For miR-

1944, TargetScan predicted 0, MicroCosm predicted 0 and

miRanda predicted 8626 target genes. For miR-1907,

TargetScan predicted 1020, MicroCosm predicted 0 and

miRanda predicted 8081 target genes. For miR-374, Tar-

getScan predicted 532, MicroCosm predicted 754 and

miRanda predicted 6223 target genes. For miR-15b, Tar-

getScan predicted 1020, MicroCosm predicted 977 and

miRanda predicted 8076 target genes (Fig. 3).

In order to obtain a list of pathways likely to be spe-

cifically controlled by miRNAs significantly differentially

expressed in the C10orf116 overexpression 3T3-L1 adi-

pocytes and the controls, we performed an analysis of the

most common signalling pathways by using the web-based

computational tool named DIANA-miRPath. This compu-

tational tool estimates the impact of co-expressed miRNAs

in biological pathways. Table 2 represents the DIANA-

miRPath analysis based on TargetScan 5 target prediction

software. As shown in Table 2, genes targeted by only

miR-374 and miR-15b were found to be involved in lipid

metabolism pathways, such as the Wnt signaling pathway,

MAPK signaling pathway, Jak-STAT signaling pathway,

etc.

Discussion

Obesity is an increasing global health problem that is

usually accompanied by several significant health impair-

ments, such as type 2 diabetes or cardiovascular disease

[26]. Considerable evidence shows that obesity is caused

by the interaction between multiple genes and the envi-

ronment [27, 28]. A better understanding of the candidate

genes required for the development of obesity could form

the basis for new therapies that directly target molecular

mechanisms underlying obesity. In the previous report [5],

we identified C10orf116 as a novel gene that might play a

role in obesity. Over-expression studies in 3T3-L1 cells

indicated that it up-regulates the transcription levels of

C/EBPa and PPARc and promotes adipogenic differenti-

ation starting from the early stage of adipogenesis. In the

present study, to better understand the precise functional

properties of the novel gene C10orf116 in obesity and to

investigate a possible role of miRNAs in C10orf116-related

genes regulation, we isolated and analyzed miRNAs in the

3T3-L1 adipocytes stably overexpressing C10orf116 rela-

tive to the 3T3-L1 adipocytes transfected with pcDNA 3.1

using miRNA microarray analysis.

Our study identified 34 miRNAs up-regulated in the

3T3-L1 adipocytes stably overexpressing C10orf116,

whereas 43 miRNAs had lower expression compared to

controls. Two of them, miR-712* and miR-1944, were

significantly up-regulated with a fold change\-2, whereas

miR-1907, miR-374, and miR-15b were significantly

down-regulated with a fold change [2 in the 3T3-L1 adi-

pocytes stably overexpressing C10orf116.

Our profiling results were further validated by the detec-

tion of miR-1944 by qRT-PCR. Our microarray analyses

showed that the relative expression levels for miR-1944 were

2742.79 for the 3T3-L1 adipocytes stably overexpressing

C10orf116 and 480.29 for the control cells. Moreover, qPCR

experiments showed that this miRNA was also up-regulated

in the C10orf116 overexpression 3T3-L1 adipocytes, in

particular 1.67 fold. The result demonstrated the good cor-

relation associated with microarrays in this experiment.

Although many computational approaches have been

developed to predict miRNA targets using sequence

information, their accuracy is limited [24, 29–31]. To

increase reliability, we used three web-based target

Fig. 2 qRT-PCR analysis of miR-1944. qRT-PCR analysis was

performed to quantify miR-1944 which was differentially expressed

in the 3T3-L1 adipocytes stably overexpressing C10orf116 relative to

the 3T3-L1 adipocytes transfected with pcDNA 3.1. Results were

expressed as mean ± standard deviation (SD). * P \ 0.05

Fig. 3 Target prediction of differentially expressed miRNAs. Three

databases TargetScan, MicroCosm and miRanda were used to infer

the targets of differentially expressed miRNAs in the 3T3-L1

adipocytes stably overexpressing C10orf116 relative to the 3T3-L1

adipocytes transfected with pcDNA 3.1
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Table 2 Predicted miRNA gene targets with functions related to lipid metabolism and/or adipogenesis

miRNA KEGG pathway Target genes Number
of targets

P value

mmu-miR-374 TGF-beta signaling pathway Smad6, Ppp2r2c, Acvr2b, Nog, Bmp2, Tfdp1, Pitx2,
Inhbb, Sp1

9 14.34

Maturity onset diabetes of the young Nkx2-2, Neurod1, Hes1 3 4.9

Wnt signaling pathway Apc, Ppp2r2c, Wnt5b, Fzd5, Axin2, Wnt5a, Lrp6 7 3.31

MAPK signaling pathway Fgfr2, Sos1, Rps6ka3, Ntf3, Dusp6, Akt1, Map2k4,
Dusp8, Stk4

9 1.94

Insulin signaling pathway Sos1, Pdpk1, Socs4, Akt1, Foxo1 5 1.14

Jak-STAT signaling pathway Sos1, Socs4, Akt1, Spry2, Il10 5 0.89

Glycerolipid metabolism Dgat2, Ppap2b 2 0.76

Type II diabetes mellitus Prkce, Socs4 2 0.54

Tyrosine metabolism Myst3 1 0.39

Glycerophospholipid metabolism Ppap2b, Myst3 2 0.16

Cell cycle Orc5 l, Tfdp1 2 0.13

Apoptosis Akt1 1 0.12

Biosynthesis of unsaturated fatty acids Yod1 1 0.09

VEGF signaling pathway Akt1 1 0.01

Adipocytokine signaling pathway Akt1 1 0.01

PPAR signaling pathway Pdpk1 1 0

mmu-miR-15b TGF-beta signaling pathway Acvr2b, Smurf1, Bmpr1a, Ppp2r1b, Smad2, Ppp2r1a,
Smad7, Bmp8a, Acvr2a, Mapk3, Smad3, Smad5

12 10.68

Insulin signaling pathway Tsc1, Prkar2a, Sos1, Pik3r1, Lipe, Trip10, Akt3,
Eif4e, Crkl, Map2k1, Insr, Mapk3, Mknk1, Raf1

14 7.41

Wnt signaling pathway Ccnd3, Wnt3a, Wnt7a, Ppp2r1b, Nkd1, Smad2, Axin2,
Ccnd2, Ppp2r1a, Fosl1, Lrp6, Btrc, Ccnd1, Smad3

14 6.77

MAPK signaling pathway Sos1, Rps6ka3, Map3k4, Cacnb1, Fgfr1, Rapgef2,
Bdnf, Akt3, Ptprr, Cdc25b, Crkl, Cacna1e, Map2k1,
Fgf7, Map2k4, Mapk3, Mknk1, Raf1, Gna12

19 4.77

Jak-STAT signaling pathway Ccnd3, Sos1, Pik3r1, Akt3, Ccnd2, Il10ra, Pim1, Ghr,
Ccnd1, Ifnk, Spry4, Spred1

12 3.76

N-Glycan biosynthesis B4galt1, Dhdds, Mgat4a, Dolpp1 4 1.66

Glycerophospholipid metabolism Ppap2b, Etnk1, Pisd, Lypla2, Ppap2a 5 1.58

Type II diabetes mellitus Pik3r1, Cacna1e, Insr, Mapk3 4 1.43

Pyrimidine metabolism Polr3f 1 1.38

Sphingolipid metabolism Sptlc1, Ppap2b, Ppap2a 3 0.98

Arachidonic acid metabolism Alox12 1 0.93

Apoptosis Prkar2a, Bcl2, Pik3r1, Akt3, Irak2 5 0.68

Glycerolipid metabolism Ppap2b, Agk, Ppap2a 3 0.68

Type I diabetes mellitus Cd28 1 0.57

Tryptophan metabolism Carm1 1 0.44

Tyrosine metabolism Carm1 1 0.41

O-Glycan biosynthesis Galnt1, Ogt 2 0.38

Citrate cycle (TCA cycle) Idh3a, Dlst 2 0.33

Glycine, serine and threonine metabolism Pisd 1 0.3

Biosynthesis of unsaturated fatty acids Acox1, Yod1 2 0.28

PPAR signaling pathway Acsl4, Acox1 2 0.26

Adipocytokine signaling pathway Akt3, Acsl4 2 0.21

Galactose metabolism B4galt1 1 0.16

Fatty acid metabolism Acsl4, Acox1 2 0.16

Arginine and proline metabolism Glud1 1 0.09

Histidine metabolism Carm1 1 0.02
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prediction databases, TargetScan, MicroCosm, and miR-

anda. The numbers of targets for the significantly differ-

entially expressed 5 miRNAs predicted from three

algorithms were showed in Fig. 3. The key molecular

pathways potentially altered by the 5 miRNAs were pre-

dicted by the DIANA-mirPath web-based computational

tool. However, as shown in Table 2, only the target genes

of miR-374 and miR-15b were found.

We observed that several targets of miR-374 and miR-

15b are involved in Wnt signaling pathway. These included

Apc, Ppp2r2c, Wnt5b, Fzd5, Axin2, Wnt5a, Lrp6, which are

targets of miR-374; Ccnd3, Wnt3a, Wnt7a, Ppp2r1b, Nkd1,

Smad2, Axin2, Ccnd2, Ppp2r1a, Fosl1, Lrp6, Btrc, Ccnd1,

Smad3, which are targets of miR-15b. Our data showed that

miR-374 and miR-15b were significantly down-regulated in

the 3T3-L1 adipocytes stably overexpressing C10orf116.

Therefore, Wnt signaling pathway should be activated by

C10orf116. Wnt signaling has been demonstrated to be a

molecular switch that control adipogenesis by maintaining

preadipocytes in an undifferentiated state through inhibition

of C/EBPa and PPARc expression. However, conversely,

we identified C10orf116 overexpression in 3T3-L1 adipo-

cytes up-regulates the transcription levels of C/EBPa and

PPARc and promotes adipogenic differentiation in the

previous report [5]. Understanding the real relatioanship

between C10orf116 and Wnt signaling pathway, by which

C10orf116 regulates adipocyte differentiation remains an

important area for future research.

Furthermore, the target genes of miR-374 and miR-15b

were also found to be involved in multiple signal pathways,

such as the TGF-beta, MAPK, Jak-STAT, insulin signal-

ling pathway, et al. MiRNA profiles obtained in this study

might help elucidate the regulatory mechanisms that

C10orf116 involved in obesity. However, although some

algorithms were used to predict potential mRNA targets,

only a few miRNAs could be validated and assigned to

specific mRNAs. Our analysis is limited because these two

miRNAs were both down-regulated in the C10orf116

overexpression 3T3-L1 adipocytes. Targets of other mod-

ulated miRNAs up-regulated that have not be confirmed

might also regulate biological processes of cells. Therefore,

future investigations are needed.
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