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irculating  microRNA  profiles  altered  in  mice  after  28  d  exposure  to
erfluorooctanoic  acid
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PFOA  altered  the  profiles  of circulating  miRNAs  in mice.
PFOA  increased  level  of  two  liver enriched  miRNAs  in  serum,  miR-122  and  miR-192.
miRNAs  with  level  changed  in  serum  altered  in  mice  livers  too  after  PFOA  exposure.
miR-28-5p,  32-5p,  122-5p,  192-5p,  and  26b-5p  may  be  biomarkers  for PFOA  exposure.
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a  b  s  t  r  a  c  t

Perfluorooctanoic  acid  (PFOA)  is  a stable  man-made  compound  with  many  industrial  and  commercial
uses.  Recently,  however,  concern  has  been  raised  that it may  induce  various  toxicological  effects  such
as  hepatotoxicity,  immunotoxicity,  and  developmental  toxicity.  Because  levels  of  circulating  microRNAs
(miRNAs)  can  be  altered  in  several  clinical  diseases,  they  may  serve  as  potential  novel  biomarkers.  Here,
we explored  differences  in  the  profiles  of circulating  miRNAs  in  mice  after  PFOA  exposure.  Using  TaqMan
miRNA  arrays,  we determined  that  the  levels  of  24 circulating  miRNAs  were  altered  in  mice  dosed  with
PFOA  at 1.25  mg/kg/d  and  73 were  altered  in  mice  dosed  with  5  mg/kg/d.  Eight  miRNAs  were  further
validated  using  TaqMan  Real-Time  PCR  assays.  Results  were  consistent  with  those  obtained  from  the
erfluorononanoic acid
epatotoxicity

TaqMan  miRNA  arrays,  except  for miR-199a-3p.  The  most  remarkable  of  the  circulating  miRNAs  (miR-
26b-5p  and miR-199a-3p)  were  also  up-regulated  in the  serum  of  occupational  workers  in our  previous
epidemiological  study.  We  also  found  similar  patterns  in  mice  exposed  to PFOS.  These results  demon-
strated  that  circulating  miRNA  profiles  were  altered  after  exposure  to high  concentrations  of  PFOA  and
miR-28-5p,  miR-32-5p,  miR-122-5p,  miR-192-5p,  and  miR-26b-5p  in  serum  may  be  linked  to effects  of
PFOA,  especially  in occupationally  exposed  people.
. Introduction

Perfluoroalkyl acids (PFAAs) are a family of perfluoroalkyl and
olyfluoroalkyl substances (PFASs) with unique physical and chem-

cal characteristics consisting of a carbon backbone and a charged
unctional moiety like carboxylate, sulfonate, or phosphonate (Lau
t al., 2007). Perfluorooctanoic acid (PFOA) is one of the most widely

nown PFAAs and a useful anthropogenic compound, containing
n eight-carbon backbone and used in products such as Gore-Tex
nd Teflon (Steenland et al., 2010). Toxicological PFOA and PFAS

Abbreviations: PFASs, perfluoroalkyl and polyfluoroalkyl substances; PFOA, per-
uorooctanoic acid; PFOS, perfluorooctane sulfonate; miRNAs, microRNAs; PPAR,
eroxisome proliferator activated receptor; ALT, alanine aminotransferase; AST,
spartate aminotransferase; ALP, alkaline phosphatase.
∗ Corresponding author. Tel.: +86 10 64807185; fax: +86 10 64807185.

E-mail address: daijy@ioz.ac.cn (J. Dai).

378-4274/$ – see front matter ©  2013 Elsevier Ireland Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.toxlet.2013.10.017
© 2013 Elsevier Ireland Ltd. All rights reserved.

studies on laboratory animals such as rats and mice have shown
that such compounds have hepatotoxic, immunotoxic, develop-
mental, hormonal, and other toxicological effects (Lau et al., 2007).
A great deal of information is available concerning the environmen-
tal distribution of PFOA and other PFASs, as well as their exposure to
humans and wildlife (Lau et al., 2007). Previous studies have shown
that PFOA, an agonist of peroxisome proliferator activated receptor
alpha (PPAR�)  in both rodents and humans (Wolf et al., 2012), can
disrupt lipid metabolism and even induce adenomas of the liver,
testes (Leydig cell tumors) and pancreas (acinar cell tumors) of
rodents (Klaunig et al., 2012; Olsen and Zobel, 2007). However,
epidemiologic evidence on the effects of PFOA on human health
is limited, and insufficient data makes it difficult to draw strong
conclusions in relation to the association of PFOA and diseases of

concern (Steenland et al., 2010).

Biomarkers reflect molecular and cellular alterations that occur
along the temporal and mechanistic pathways, thereby connecting
toxic chemical exposure to the presence or risk of clinical disease

dx.doi.org/10.1016/j.toxlet.2013.10.017
http://www.sciencedirect.com/science/journal/03784274
http://www.elsevier.com/locate/toxlet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxlet.2013.10.017&domain=pdf
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Decaprio, 1997). Since exposure to environmental pollutants does
ot usually result in rapid clinical symptoms, it is difficult to detect
otential biomarkers associated with the effects of PFAS exposure
or toxicity assessment and early clinical diagnosis (Tan et al., 2012).
roteome analysis demonstrated that proteins with various func-
ions from different organs of laboratory animals were associated
ith PFASs exposure (Shi et al., 2009; Tan et al., 2012). Human epi-
emiological studies have also shown associations between PFOA
nd serum biochemical parameters like transaminase, �-glutamyl
ransferase (GGT), high-density lipoprotein cholesterol (HDL-C),
nd adiponectin (Gallo et al., 2012; Lin et al., 2011; Wang et al.,
012b), although these associations have been inconsistent among
ifferent studies. Thus, finding stable biological molecules that can
e reliably extracted and assayed for use as biomarkers of PFASs

nduced toxicological effects is challenging.
MicroRNAs (miRNAs) are endogenous ∼23 nt RNAs, which play

rucial gene-regulatory roles in animals by pairing with mRNAs of
rotein-coding genes to direct their posttranscriptional repression
Bartel, 2009). To date, many studies have indicated that disrup-
ion of miRNA function contributes to diseases such as cancer, heart
ilments, neurological dysfunctions, and metabolic disorders (Kerr
t al., 2011; Pasquinelli, 2012; Rottiers and Naar, 2012). Several
tudies have examined the role of miRNAs in response to envi-
onmental agents and pollutants such as cigarette smoke, ethanol,
enzo(a)pyrene, dioxin, and UV radiation (Sonkoly and Pivarcsi,
011) and their possible involvement in chemical hepatocarcino-
enesis (Koufaris et al., 2012). Certain evidence also indicates that
hanges in miRNA profiles are associated with perfluorooctane sul-
onate (PFOS) exposure (Wang et al., 2012a; Zhang et al., 2011a),
lthough, to our knowledge, no other laboratory results have shown
orrelations between PFASs and miRNAs. However, the association
etween miRNAs and PFOS suggests that miRNAs may  be used as
otential biomarkers of the toxicological effects induced by PFASs
xposure.

Although most miRNAs are intracellular, a significant number
ave been observed in various body fluids (Etheridge et al., 2011).
iRNAs are stable in circulation, and thus may  be potential non-

nvasive biomarkers (Bala et al., 2012). Recent studies have shown
hat the pattern of circulating miRNAs is altered in several clinical
iseases. For example, circulating miR-29a appears to be correlated
ith colorectal liver metastasis (Wang and Gu, 2012) and changes

n circulating miR-122 levels may  be an indication of liver disease
Starkey Lewis et al., 2011; Trebicka et al., 2013; Tryndyak et al.,
012; Wang et al., 2009). Previous research has shown that levels
f circulating miRNAs in fluorochemical plant workers and nearby
esidents were associated with serum PFOA concentrations (Wang
t al., 2012b). However, whether PFASs alter circulating miRNA
rofiles is still unknown.

In this study, we analyzed the impact of PFASs (PFOA and PFOS)
n circulating miRNA levels in mice and determined which spe-
ific circulating miRNAs may  be used as potential biomarkers of
he toxicological effects induced by PFASs exposure.

. Materials and methods

.1. Chemicals and reagents

Perfluorooctanoic acid (PFOA, CAS number 335-67-1, 96% purity) and perflu-
rooctane sulfonate (PFOS, CAS number 2795-39-3, 98% purity) were purchased
rom Sigma–Aldrich (St. Louis, MO). The PFOA and PFOS solutions were prepared
y  Milli-Q water. All other chemicals used were of the highest grade commercially
vailable.

.2. Animal treatment
Male BALB/c mice (6–8 weeks old) were obtained from Weitong Lihua Exper-
mental Animal Center (Beijing, China). Mice were housed in an environmentally
ontrolled (12:12 h light:dark cycle, 20–26 ◦C and 40–60% relative humidity) mass
ir displacement room. Food and water were provided ad libitum throughout the
ters 224 (2014) 24– 31 25

study. After one week of adaptation, 96 mice were randomly divided into six groups
of  equal size and dosed by gavage with either Milli-Q water or PFOA at concentra-
tions of 0.08, 0.31, 1.25, 5 or 20 mg/kg/day (gavage volume of 10 mL/kg) for 28 d.
The  PFOA doses were chosen according to earlier toxicological studies and our pre-
vious experiments (Son et al., 2008). For practical reasons, another experiment was
conducted in which 48 mice were randomly assigned into three groups of equal
size  and dosed by gavage with either Milli-Q water or PFOS at 1.25 or 5 mg/kg/day
(gavage volume of 10 mL/kg) for 28 d. Body weight (BW) was measured every 7 d.
At the end of treatment, 16 mice in each group were weighed, bled by retro-orbital
puncture and subsequently sacrificed by cervical dislocation after a night of fasting.
Following sacrifice, the livers were removed, weighed, immediately frozen in liquid
nitrogen, and stored at −80 ◦C until further use. Blood was clotted at room tempera-
ture for 1 h and was  then centrifuged for 5 min at 5000 rpm to collect serum. Serum
was stored at −80 ◦C until further use. All animal care and treatment protocols were
approved by the Committee on the Ethics of Animal Experiments from the Institute
of  Zoology, Chinese Academy of Sciences (Permit Number: EET-015-08-2012).

2.3. Serum PFOA determination

Serum PFOA concentrations (n = 3) of each mouse group were analyzed
using high-performance liquid chromatography–tandem mass spectrometry
(HPLC–MS/MS). Serum samples were mixed with nine different volumes of Milli-
Q  water for PFOA analysis. With some modification, PFOA was extracted as per
previous reports (Wang et al., 2012b; Zhang et al., 2012). Briefly, samples were
extracted with acetonitrile (ACN) twice, with both extractants then combined and
concentrated to approximately 0.5 mL  under a nitrogen gas flow at 40 ◦C. We added
0.5 mL  of methanol (MeOH) to each concentrated solution, which were diluted using
10 mL  of Milli-Q water for SPE cleanup. Each solution was  then passed through pre-
equilibrated Oasis WAX  cartridges (Oasis HLB; 150 mg,  6 cm3; Waters). After loading
all  samples, the cartridges were first rinsed with Milli-Q water and then with 25 mM
of  acetate buffer solution (pH 4). Any water remaining in the cartridges was  removed
by vacuum filtration. PFOA was eluted by 4 mL of MeOH and 4 mL of 0.1% NH4OH in
MeOH, and finally concentrated to approximately 1 mL under nitrogen gas.

The instrumental chromatographic setup consisted of a P680 binary gradient
pump, an UltiMate 3000 autosampler, and a Chromeleon 6.70 chromatography
workstation (Dionex, USA). Mass spectra were collected using an API 3200 triple
quadrupole tandem mass spectrometer fitted with an electro-spray ionization
source and operated in negative ionization mode. Quantification was performed
using Analyst 1.4.1 software. Chromatographic separations were carried out on an
Acclaim 120 C18 column (4.6 mm × 150 mm, 3 �m)  (Dionex, USA) with a binary
gradient. Methanol (solution A) and 50 mM of ammonium acetate (NH4Ac) (solu-
tion B) were employed as mobile phases. A calibration curve was prepared from a
series of concentrations (0, 10, 50, 100, 500, 1000, 5000, 20 000, and 50 000 pg/mL)
for  PFOA concentration calculation, with standard deviations determined to be less
than 20%. All samples were properly diluted before PFOA determination to ensure
the concentration fit the calibration curve.

2.4. TaqMan miRNA array analysis

We chose the group dosed with 1.25 mg/kg/d of PFOA, which had no signifi-
cant change in BW,  and the 5 mg/kg/d group, which lost 12.6% BW,  to compare with
the  control group for miRNA array analysis. Although the 5 mg/kg/d group showed
12.6% BW loss, exceeding the 10% criteria for overt toxicity (Buckley and Dorato,
2009), it was relatively close to the borderline. Thus, 200 �L of serum from three
mice from each group was  pooled to ensure sufficient serum for miRNA analysis
as  well as reduce individual differences within the same group and reduce the cost
of  analysis (Kendziorski et al., 2005; Zhang and Gant, 2005). Three serum samples
from each dose group (0, 1.25 and 5 mg/kg), with each sample pooled from three ani-
mals, were used for miRNA array analysis. Total RNAs including small RNAs were
prepared using the mirVana miRNA Isolation Kit according to the manufacturer’s
procedures. cDNAs were synthesized from total RNAs using Megaplex RT Primers
and the TaqMan MicroRNA Reverse Transcription Kit according to the manufac-
turer’s instructions. Preamplification was  performed by adding TaqMan PreAmp
Master Mix  and Megaplex PreAmp Primers to the cDNA sample. MiRNA expression
profiling was performed using TaqMan® Array Rodent MicroRNA A + B Cards Set v3.0
containing a total of 384 TaqMan MicroRNA Assays per card and enabling quantita-
tion of 641 and 373 unique microRNAs for mouse and rat, respectively, consistent
with Sanger miRBase v15 (rodent). All kits and reagents in the TaqMan miRNA array
analyzes were obtained from Life Technologies-Applied Biosystems, CA, USA. Quan-
titative real-time PCR was  performed using an Applied BioSystems 7900HT Fast
Real-Time PCR system and data were analyzed with SDS Relative Quantification
software v.2.4.

We  selected U6 snRNA as the endogenous control because its expression level
was  the most stable and there were no significant differences between U6 snRNA
levels in the control and PFOA exposed samples.
2.5. Validation experiment of circulating miRNAs with altered levels

Four mouse serum samples per group, with each sample being a pool of
three animals, were used for miRNA assay analysis. The samples used for the
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Fig. 1. PFOA concentration in mice serum after 28 d PFOA exposure. PFOA was
6 S. Yan et al. / Toxicolo

erification experiment were different from the ones used for the TaqMan miRNA
rrays. Total RNAs including small RNAs from the pooled mouse serum were isolated
nd the preamplification products were prepared following the same procedures as
escribed above.

Preamplification products of serum total RNA or cDNA samples of liver total
NA were added with TaqMan Universal Master Mix  II, no UNG and the specific
rimer/probe combination provided with each TaqMan assay in accordance with
anufacturer’s recommendations. The miRNAs selected for miRNA assay were miR-

8-5p (assay ID. 000411), miR-32-5p (assay ID. 002109), miR-122-5p (assay ID.
02245), miR-192-5p (assay ID. 000491), miR-26b-5p (assay ID. 000407) and miR-
99a-3p (assay ID. 002304). All kits and reagents used in TaqMan miRNA analysis
ere obtained from Life Technologies-Applied Biosystems, CA, USA. Real-time PCR
as  performed using a MP3000P q-PCR system (Stratagene, La Jolla, CA) with MxPro
PCR software. We selected U6 snRNA (assay ID. 001973) as the endogenous control,
nd relative quantification of each miRNA was calculated using the 2−��Ct method.

.6. TaqMan miRNA assay in livers

Total RNAs from mouse livers (n = 6) were isolated by TRIzol (Life Technologies-
nvitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions and

easured by a NanoDrop 2000 spectrophotometer (Thermo Scientific). The cDNAs
ere synthesized from about 50 ng of RNA using a TaqMan MicroRNA Reverse Tran-

cription Kit and specific reverse transcription primer provided with each TaqMan
ssay. We then used the cDNA samples of liver total RNA for analysis, as mentioned
n  Section 2.5.

.7. Serum biochemical assay

Thawed individual serum samples (n = 6) were used for detection of serum lipids
nd enzymes using a HITAC7170A automatic analyzer (Hitachi, Japan) following
tandard spectrophotometric methods.

.8. Statistical analysis

Differentially expressed miRNAs in the control and PFOA exposed mice were
dentified using Random Variance Model (RVM) t-tests (Clarke et al., 2008; Wright
nd Simon, 2003) in the TaqMan miRNA array analysis. Multiple testing was  cor-
ected using false discovery rate (FDR) analysis. The differentially expressed miRNAs
ere then statistical filtered by applying the RVM t-test with p < 0.05. The data
ere  presented as fold changes calculated using the 2−��Ct method (Livak and

chmittgen, 2001).
Body and organ weight, serum biochemical levels and TaqMan miRNA assay

nalyses were performed using SPSS for Windows 17.0 Software (SPSS, Inc., Chicago,
L).  The results were expressed as means with standard errors (mean ± SE). Statistical
ignificance was  determined using one-way analysis of variance (ANOVA) followed
y  Fisher’s least significant difference (LSD) test. A p-value of < 0.05 was  used to
etermine significant differences between the treatment groups and the control.

. Results

.1. Toxicological effects of PFOA

After PFOA exposure, the BW of mice in the 5 and 20 mg/kg/d
ose groups significantly decreased compared with the control
roup. In addition, a significant increase in absolute liver weight
s well as relative liver weight was observed in the 0.31 mg/kg/d
nd higher dosed groups in a dose-dependent manner (Table 1).

Serum biochemical levels of each group were analyzed (Table 1).
lanine aminotransferase (ALT), aspartate aminotransferase (AST),
lbumin (ALB), alkaline phosphatase (ALP), and lactate dehy-
rogenase (LDH) levels significantly increased at the highest
ose compared with the control group, indicating that PFOA

nduced liver damage in mice particularly at higher doses. Total
holesterol (T-CHO) and high density lipoprotein cholesterol
HDL-C) levels decreased after PFOA treatment, but triglyceride

TG) levels increased in the middle dose groups (0.31 and
.25 mg/kg/d) and decreased in the higher dose groups (5 and
0 mg/kg/d).

Serum concentrations of PFOA were analyzed (Fig. 1), which
howed an increase depending on the dose of PFOA. The highest
erum level of PFOA was 105.29 �g/mL in mice dosed with PFOA at
0 mg/kg/d.
extracted from the serum of mice exposed to PFOA at concentrations of 0, 0.08, 0.31,
1.25, 5 and 20 mg/kg/d using SPE-Oasis-WAX-method and analyzed with LC–MS/MS.
Error bars indicate standard error (SE, n = 3).

3.2. Circulating miRNA profiles altered after PFOA exposure

Among the 641 circulating miRNAs checked, we found that the
levels of 24 miRNAs were altered in mice dosed with 1.25 mg/kg/d
PFOA and the levels of 73 miRNAs were altered in the 5 mg/kg/d
dose group (Table 2 and Table S1 in Supporting information, Ct val-
ues and miRBase Accession Numbers of miRNAs in Supplementary
data). Out of these two  groups, 22 miRNAs were altered in both.
Among these miRNAs, the levels of 21 miRNAs increased in both
dose groups, and the level of one miRNA (miR-96-5p) decreased in
the 1.25 mg/kg/d dose group and increased in the 5 mg/kg/d dose
group (Table 2). Levels of nine circulating miRNAs showed a 30-
fold increase, two (miR-295-3p and miR-669h-5p) showed a fold
change increase in both analyzed dose groups (Table 2), and seven
(miR-200c-5p, miR-294-3p, miR-376a-5p, miR-379-5p, miR-669d-
5p, miR-1194 and miR-1982.1-3p) increased in the 5 mg/kg/d dose
group only (Table S1).

TaqMan miRNA assays were performed to validate those miR-
NAs with altered levels after PFOA exposure, as detected from
miRNA arrays. Among the 22 miRNAs with levels altered in both
PFOA treated groups, 14 had the same sequences between mice
and humans (http://www.mirbase.org/), indicating that they were
conserved. Four conserved miRNAs with dose-dependent altered
levels (miR-28-5p, miR-32-5p, miR-122-5p, and miR-192-5p) were
selected from the 14 miRNAs for validation experiments and
further analysis. To explore the potential relationship between
circulating miRNAs and PFOA hepatotoxic effects, two  other con-
served miRNAs (miR-34a-5p and miR-200c-3p) were also selected
for analysis since they may  be associated with liver tumors in
rats and humans and their levels were altered in mice dosed with
5 mg/kg/d of PFOA (Ladeiro et al., 2008; Sukata et al., 2011). Our
results showed that serum levels of the selected miRNAs increased
in the 1.25 mg/kg/d and higher dose groups (Fig. 2). This confirmed
the initial array data, indicating that the miRNA array results were
credible. In particular, the level of miR-122-5p showed a significant
391.8-fold change increase in mice dosed with 20 mg/kg/d of PFOA.

3.3. Effects of PFOA on circulating miR-26b-5p and miR-199a-3p

in mice

Our previous study found that levels of circulating miR-26b-
5p and miR-199a-3p were elevated in accordance with serum

http://www.mirbase.org/
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Table 1
Alteration of body weight (BW, n = 16), relative liver weight (n = 16), and serum biochemical levels (n = 6) after PFOA exposure, data are mean ± SE, significantly different from
control  group.

PFOA (mg/kg/d)

0 0.08 0.31 1.25 5 20

BW before treatment (g) 19.4 ± 0.3 19.5 ± 0.4 19.3 ± 0.3 19.4 ± 0.3 19.6 ± 0.2 19.5 ± 0.3
BW  after treatment (g) 21.4 ± 0.3 21.3 ± 0.5 20.9 ± 0.4 22.0 ± 0.4 18.7 ± 0.2** 15.5 ± 0.3**
Absolute liver weight (g) 0.92 ± 0.02 1.00 ± 0.03 1.17 ± 0.02** 1.89 ± 0.03** 2.25 ± 0.05** 2.37 ± 0.07**
Relative  liver weight (%) 4.3 ± 0.0 4.7 ± 0.0 5.6 ± 0.1** 8.6 ± 0.1** 12.0 ± 0.2** 15.3 ± 0.2**
ALT  (IU/L) 25 ± 3 29 ± 2 47 ± 4 127 ± 21 322 ± 16 1738 ± 255**
AST  (IU/L) 75 ± 5 71 ± 4 75 ± 4 86 ± 8 148 ± 10 552 ± 79**
ALB  (g/L) 21.6 ± 0.4 22.6 ± 0.3 23.0 ± 0.2 24.0 ± 0.2* 24.8 ± 0.6** 23.7 ± 1.3*
ALP  (IU/L) 88 ± 3 93 ± 3 99 ± 17 221 ± 8 549 ± 9** 1179 ± 129**
TBA  (�mol/L) 0.9 ± 0.1 1.5 ± 0.3 0.6 ± 0.0 1.6 ± 0.2 7.5 ± 1.7 41.3 ± 8.9**
T-CHO  (mmol/L) 3.1 ± 0.1 3.1 ± 0.1 3.1 ± 0.1 2.5 ± 0.1** 2.7 ± 0.1** 2.1 ± 0.1**
TG  (mmol/L) 1.23 ± 0.08 1.27 ± 0.08 1.95 ± 0.11** 1.77 ± 0.10** 0.83 ± 0.15* 0.68 ± 0.13**
HDL  (mmol/L) 3.24 ± 0.08 3.10 ± 0.06 3.04 ± 0.10 2.38 ± 0.08** 2.42 ± 0.10** 2.15 ± 0.13**

.22 ± 

76 ± 

*
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LDL  (mmol/L) 0.18 ± 0.02 0.24 ± 0.08 0
LDH  (U/L) 512 ± 39 429 ± 10 3

p < 0.05, **p < 0.01

oncentrations of PFOA in workers and nearby residents of a flu-
rochemical plant (Wang et al., 2012b). The miRNAs array results
n the present study demonstrated that circulating miR-26b-5p had

 significant 3.2-fold change increase in mice dosed with 5 mg/kg/d
f PFOA (Table S1 in Supporting information), but the level of
iR-199a-3p remained unchanged. To explore whether levels of

irculating miR-26b-5p and miR-199a-3p changed in mice after
FOA exposure, we also analyzed the levels of these two miRNAs
n serum using TaqMan RT-PCR miRNA assays.

The results showed that levels of circulating miR-26b-5p sig-
ificantly increased in mice dosed with 1.25 mg/kg/d of PFOA and
howed a 4.4-fold increase in the 20 mg/kg/d PFOA exposed mice
roup (Fig. 3). Although circulating miR-199a-3p was unchanged
n TaqMan miRNA array analysis, its level increased in the
.25 mg/kg/d and higher dosed groups after PFOA exposure using
aqMan RT-PCR miRNA assays.
.4. Effects of PFOA on levels of eight selected miRNAs in liver

It has been reported that miR-122-5p and miR-192-5p are
nriched in mice livers (Chang et al., 2004; Wang et al., 2009).

able 2
irculating microRNAs with significantly altered expression levels (p < 0.05) in the 1.25 an

miRNAs PFOA (1.25 mg/kg/d) 

Fold change (p-value) FD

# let-7i-5p 1.83 (0.0412) 0.4
#  miR-28-5p 2.32 (0.0421) 0.4
#  miR-32-5p 2.35 (0.0301) 0.4
#  miR-96-5p 0.03 (0.0040) 0.3
#  miR-122-5p 2.88 (0.0199) 0.4
#  miR-130a-3p 1.83 (0.0075) 0.4
#  miR-191-5p 1.92 (0.0486) 0.5
#  miR-192-5p 1.67 (0.0334) 0.4
#  miR-194-5p 2.82 (0.0098) 0.4
#  miR-328-3p 1.62 (0.0346) 0.4
#  miR-339-5p 2.15 (0.0215) 0.4
#  miR-363-3p 2.60 (0.0155) 0.4
#  miR-532-3p 1.73 (0.0185) 0.4
#  miR-652-3p 1.98 (0.0309) 0.4
miR-295-3p 10.73 (0.0018) 0.3
miR-322-5p 2.79 (0.0360) 0.4
miR-466j 4.17 (0.0030) 0.3
miR-503-5p 2.28 (0.0429) 0.4
miR-598-3p 2.51 (0.0154) 0.4
miR-669h-5p 30.02 (0.0064) 0.4
miR-704 3.23 (0.0179) 0.4
miR-879-5p 5.97 (0.0204) 0.4

: miRNA sequence was  the same between mouse and human, as per the miRBase databa
0.03 0.19 ± 0.01 0.21 ± 0.03 0.17 ± 0.05
18 586 ± 45 651 ± 17 991 ± 136**

Several studies have demonstrated that levels of miR-122-
5p and miR-192-5p increased in circulation but decreased in
the liver following liver injury (Trebicka et al., 2013; Wang
et al., 2009). Previous research has also indicated that miR-
34a-5p and miR-200c-3p are associated with liver tumors in
rats and humans (Ladeiro et al., 2008; Sukata et al., 2011)
and animal studies have suggested that the liver is an impor-
tant target organ for PFOA physiological activity (Lau et al.,
2007). Using TaqMan miRNA assay, we analyzed the levels of
the above-mentioned miRNAs in the liver after PFOA exposure
(Fig. 4).

The data indicated that levels of miR-28-5p, miR-34a-5p, and
miR-200c-3p significantly increased in mice after PFOA exposure.
Interestingly, the expression levels of miR-122-5p and miR-192-5p
in mice livers increased in the 0.08 and 0.31 mg/kg/d dose groups
and then decreased to the same or lower levels as the control group.
The fold change of miR-32-5p expression was increased in the 0.31

and 20 mg/kg/d dose groups but did not significantly change in the
other dose groups after PFOA exposure. The level of miR-199a-3p
significantly increased in the 0.31 and 20 mg/kg/d dose groups after
PFOA exposure, and the level of miR-26b-5p decreased in the 5 and

d 5 mg/kg/d PFOA exposure groups.

PFOA (5 mg/kg/d)

R Fold change (p-value) FDR

990 2.40 (0.0076) 0.0633
990 5.31 (0.0010) 0.0240
990 6.57 (0.0028) 0.0358
720 8.02 (0.0311) 0.1440
000 15.45 (0.0017) 0.0306
000 1.92 (0.0031) 0.0378
420 1.73 (0.0281) 0.1340
990 5.25 (0.0019) 0.0306
000 11.80 (0.0004) 0.0145
990 1.64 (0.0321) 0.1450
000 2.64 (0.0014) 0.0297
000 2.69 (0.0085) 0.0675
000 2.88 (0.0021) 0.0306
990 2.70 (0.0022) 0.0306
720 172.95(0.0002) 0.0114
990 5.25 (0.0040) 0.0432
720 7.44 (0.0006) 0.0180
990 2.85 (0.0051) 0.0473
000 2.91 (0.0320) 0.1450
000 39.97 (0.0048) 0.0461
000 2.58 (0.0096) 0.0727
000 6.03 (0.0256) 0.1270

se (http://www.mirbase.org/).

http://www.mirbase.org/
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Fig. 2. Selected circulating miRNAs changed with a pattern similar to miRNA arrays
after PFOA exposure. Each sample was pooled with the serum of three individual
mice. Total RNAs were isolated using a mirVana miRNA Isolation Kit and each miRNA
was  quantitated using miRNA assay, respectively. Four independent serum samples
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Fig. 4. Expression levels of selected circulating miRNAs in mouse livers after PFOA
exposure. Total RNAs were isolated from liver tissues (n = 6) by TRIzol reagent and
each miRNA was quantitated using miRNA assay respectively. U6 snRNA was  used
ere taken for analysis. U6 snRNA was used as the endogenous control and the
iRNA levels represent relative value to the control group. Data are mean ± SE.

ignificantly different from control group (*p < 0.05, **p < 0.01).

0 mg/kg/d dose groups after PFOA exposure but without statistical
ignificance (Fig. S1 in Supporting information).

.5. Effects of PFOS on mice were similar to PFOA

After exposure to PFOS, a significant increase in absolute and
elative liver weight was observed, but no significant effect was
bserved in relation to BW (Table S2 in Supporting information).
he levels of ALT, AST, ALB and ALP increased after PFOS exposure.
esults also demonstrated that PFOS exposure decreased HDL lev-
ls but increased LDL levels in mice (Table S2). The eight miRNAs

entioned above were also analyzed in the serum of PFOS exposed
ice using TaqMan miRNA assays. We  found that all levels of miR-
As, except miR-34a-5p and miR-199a-3p, increased in mice dosed
ith 5 mg/kg/d of PFOS (Figs. S2 and S4 in Supporting information).

ig. 3. Circulating miR-26b-5p and miR-199a-3p expression levels were altered
fter  PFOA exposure. Each sample was pooled with the serum of three individ-
al  mice. Total RNAs were isolated using a mirVana miRNA Isolation Kit and each
iRNA was  quantitated using miRNA assay, respectively. Four independent serum

amples were taken for analysis. U6 snRNA was used as the endogenous control
nd the miRNA levels represent relative value to control group. Data are mean ± SE.
ignificantly different from control group (*p < 0.05, **p < 0.01).
as  the endogenous control and the miRNA levels represent relative value to con-
trol group. Data are mean ± SE. Significantly different from control group (*p < 0.05,
**p  < 0.01).

With the exception of miR-34a-5p, which increased at the dose of
5 mg/kg/d, the expression levels of miRNAs in the livers of mice
after PFOS exposure did not significantly change (Figs. S3 and S5 in
Supporting information).

4. Discussion

Previous research has shown PFOA to be associated with liver
enlargement in rodents and nonhuman primates and with hepa-
tocellular adenomas in rats (Lau et al., 2007). Histopathological
studies on the toxicological effects of PFOA on rats indicated that
liver damage occurred after 28 d of exposure at PFOA concentra-
tions of 20 mg/kg/d (Cui et al., 2009). Our results also indicated
that PFOA exposure could induce liver injury and disrupt lipid
metabolism in mice.

It is interesting to note that the PFOA level in mice serum in
the 0.08 mg/kg/d group was 2.24 �g/mL, similar to the median
serum level of PFOA (1.64 �g/mL) observed in occupational par-
ticipants from a fluorochemical plant of Jiangsu Province, China
(Wang et al., 2012b). Although no significant toxicological end-
points were observed in mice dosed with 0.08 mg/kg/d for 28 d
in this study, we could not exclude that adverse health effects may
appear after long-term PFOA exposure at low doses in mice as well
as humans. Several medical surveillance studies of fluorochemical
production workers have suggested that PFOA exposure may  be
negatively associated with serum HDL-C levels and positively asso-
ciated with serum ALT levels (Gallo et al., 2012; Wang et al., 2012b).
Triglycerides have been found positively associated with PFOA in
humans, although the association does not appear to be consistent
across locations (Olsen and Zobel, 2007; Steenland et al., 2010). The
present results showed that triglycerides increased in the middle
dose groups (0.31 and 1.25 mg/kg/d) and decreased in the higher
dose groups (5 and 20 mg/kg/d). Further study is required to clar-
ify whether the inconsistent findings between mice and humans in
relation to PFOA exposure are due to differences in toxicokinetics,
PPAR subtype expression and function, or some other factor (Lau
et al., 2007).

Many studies on circulating miRNA profiles responding to
hepatic diseases have been reported (Bala et al., 2012; Starkey Lewis
et al., 2011; Sukata et al., 2011; Trebicka et al., 2013; Tryndyak et al.,

2012; Wang et al., 2009). An earlier study using acetaminophen
overdose-induced liver injury in a mouse model system observed
highly significant differences in the plasma levels of miRNAs
between the control and overdosed animals. Two miRNAs enriched
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n the liver tissue, that is, miR-122-5p and miR-192-5p, were
emonstrated to be potential biomarkers for drug-induced liver

njury (Wang et al., 2009). Research on the association between
onalcoholic fatty liver disease (NAFLD) and altered circulating
iRNA profiles in different strains of inbred male mice suggested

hat levels of circulating miR-34a-5p, miR-122-5p, miR-181a-5p,
iR-192-5p, and miR-200b-3p were significantly correlated with

he severity of NAFLD-specific liver pathomorphology (Tryndyak
t al., 2012). In addition, circulating miR-122-5p has been reported
o alter in patients with acute liver injury (Starkey Lewis et al.,
011). In the present study, levels of liver enriched miRNAs, miR-
22-5p, and miR-192-5p showed significantly increased circulation
fter PFOA exposure. In addition, miR-200c-3p, which may  be
ssociated with liver tumors in humans (Ladeiro et al., 2008),
howed increased serum levels in the 1.25 mg/kg/d and higher
osed groups after PFOA exposure. The increase in the levels of

iver specific enzymes such as ALT and AST, as well as the increase
n the levels of other serum biochemicals such as alkaline phos-
hatase (ALP) and total bile acid (TBA), implied that hepatic injury
ay  occur after PFOA exposure, particularly at the highest doses.

hese results suggest that PFOA significantly induced liver injury
n mice at the highest doses and also resulted in increased serum
evels of liver-enriched miR-122-5p and miR-192-5p. Several stud-
es on the relationship between circulating miRNAs and diseases
ave also mentioned miRNAs with levels altered, as observed in
ur miRNA array results. For example, let-7i-5p may  be used as a
otential serum biomarker for blast-induced traumatic brain injury
Balakathiresan et al., 2012), miR-130a-3p is apparently associated
ith atherosclerosis obliterans (Li et al., 2011) and miR-191-5p may

e related to renal diseases (Hauser et al., 2012; Luo et al., 2013).
owever, whether the levels of circulating miRNAs changed in mice
xposed to PFOA hint at extrahepatic systemic toxicity unrelated
o peroxisome proliferation in rodents still needs further study.

Our results also indicated that levels of circulating miR-26b-5p
nd miR-199a-3p increased in mice after PFOA exposure. Taken
ogether with our previous results showing that levels of circu-
ating miR-26b-5p and miR-199a-3p were associated with PFOA
oncentrations in human serum (Wang et al., 2012b), our findings
mply that these two miRNAs may  be used as possible biomark-
rs of the toxicological effects induced by PFOA exposure. Because
FOS and PFOA share a similar toxicological profile in rodents (Lau
t al., 2007), our present results demonstrate that levels of circu-
ating miRNAs may  also alter with a similar pattern after exposure
o PFOA and PFOS.

Several studies on changes in the profiles of circulating miRNAs
uring liver injury examined the expression of miRNAs in the liver.
esults demonstrated an inverse trend in the levels of certain circu-

ating miRNAs compared with those miRNAs in the liver (Trebicka
t al., 2013; Wang et al., 2009). For miR-122-5p, one explanation
s that it is released from the liver into the bloodstream, causing
irculating levels to sharply increase in response to hepatic injury
Trebicka et al., 2013). Contrary to previous studies, our results
howed that levels of miR-122-5p and miR-192-5p in the liver did
ot decrease after PFOA exposure. This discrepancy might be due
o the characteristics of PFOA toxicological effects. Many reports
ave demonstrated that PFOA can interact with or activate several
uclear receptors, especially PPAR� in vivo and in vitro (Peters and
onzalez, 2011). As far as we know, the regulation of miR-200c by
PAR� has been verified (Zhang et al., 2011b) and the expression of
everal miRNAs may  be regulated by PPAR� (John et al., 2012). Thus,
n the present study, PPARs activity may  relate to the higher expres-
ion levels of miRNAs in mice livers after PFOA exposure. However,

he mechanism details for how PFOA-induced miRNA profiles are
ltered still require further study.

Since their discovery, miRNAs have been recognized as crucial
egulators of gene expression in animals (Bartel, 2009; Kerr et al.,
ters 224 (2014) 24– 31 29

2011; Pasquinelli, 2012; Rottiers and Naar, 2012). Recent research
on the functions of the miRNAs selected in the present study have
reported that miR-34a-5p is transactivated by p53 and its activation
can broadly influence gene expression and recapitulate elements
of p53 activity, including cell-cycle progression and apoptosis
(He et al., 2007). Inactivation of miR-34a-5p strongly attenuates
p53-mediated apoptosis and may  contribute to tumorigenesis
(Hermeking, 2010). Furthermore, miR-34a-5p may be involved
in the regulation of neuronal development (Aranha et al., 2011;
Liu et al., 2012), pathological cardiac remodeling (Bernardo et al.,
2012), and hepatic lipid homeostasis (Rottiers and Naar, 2012).
Our present study demonstrated that PFOA exposure could induce
liver injury and disturb lipid metabolism in mice, which might
be correlated with the level change of miR-34a-5p in the liver. In
addition, miR-200c-3p has been reported to suppress tumor for-
mation in vivo and loss of its expression may be involved in tumor
progression (Ladeiro et al., 2008; Shimono et al., 2009). Although
fewer studies on miR-28-5p have been reported in the literature
compared with miR-34a-5p and 200c-3p, it may  also be associated
with cancer (Almeida et al., 2012). In the present study, the levels
of miR-32-5p and miR-199a-3p changed independently of PFOA
dose in the liver, and levels of miR-26b-5p decreased in the 5 and
20 mg/kg/d dose groups after PFOA exposure but without statistical
significance. However, the levels of all three miRNAs were altered
in serum after PFOA exposure. Various PFOA toxicological effects
may  contribute to this phenomenon. Earlier studies on miR-32-5p
have reported that miRNAs may  be involved in HIV-1 Tat C function
and inhibit human myeloid leukemia cells apoptosis (Gocek et al.,
2011; Mishra et al., 2012). MiR-26b-5p is down regulated in can-
cers and may  suppress cell growth, induce apoptosis and regulate
pituitary development (Lin et al., 2012; Rahbari et al., 2011; Wu
et al., 2011). Levels of miR-199a-3p have been reported to decrease
in malignancies such as hepatocellular carcinoma (Dettmer et al.,
2013; Duan et al., 2011; Fischer et al., 2011; Hou et al., 2011; Iorio
et al., 2007), and decrease in the plasma of osteosarcoma patients
(Ouyang et al., 2013). Functional studies on miR-199a-3p indicate
that it can induce cardiac regeneration (Eulalio et al., 2012), regu-
late human multipotent stromal cell differentiation by decreasing
leukemia inhibitory factor secretion (Oskowitz et al., 2008), and
modulate the cell cycle (Duan et al., 2011; Fornari et al., 2010).
MiR-199a-3p may  also be associated with the progression of liver
fibrosis (Murakami et al., 2011). Because one miRNA can be iden-
tified in different tissues and many biological processes may  affect
miRNA expression and PFOA toxicological effects, the origins of
circulating miRNAs with altered levels and the reasons why these
miRNAs levels change after PFOA exposure still needs further inves-
tigation. Furthermore, although exposure to PFOA may  have altered
the profiles of circulating miRNA and affected liver miRNA expres-
sion in this study, it is difficult to determine whether the liver is an
important source of altered circulating miRNAs after PFOA expo-
sure due to the diverse origin of circulating miRNAs. The impact of
miRNAs altered by PFOA in the liver needs further investigation.

To our knowledge, our study is the first report on altered cir-
culating miRNA profiles in mice following PFOA exposure, which
may  also affect miRNAs expression in mice livers. Eight miRNAs
were further validated using TaqMan miRNA assays, which showed
that levels were altered similarly to the initial array results, except
for miR-199a-3p. Additionally, we  also found that PFOA exposure
affected the expression of the selected miRNAs in the mouse livers.
It is interesting to observe that higher levels of circulating miR-122-
5p and miR-192-5p, which belong to liver enriched miRNAs and
have been reported as potential biomarkers for liver injury, were

induced by PFOA. Remarkably, of the miRNAs with altered levels,
miR-26b-5p and miR-199a-3p were also up-regulated in the serum
of occupational workers in our previous epidemiological results.
Our present study demonstrated that miR-28-5p, miR-32-5p,
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iR-122-5p, miR-192-5p, and miR-26b-5p in serum may  be linked
o effects of PFOA exposure. In addition, the effects of PFOS on miR-
As were similar to the effects of PFOA, and almost every miRNAs

nvolved in the validation experiment showed altered levels after
FOS exposure, except for miR-34a-5p and miR-199a-3p. How-
ver, many questions remain unresolved in our present research. In
articular, the origin and pathological meanings of the circulating
iRNAs that altered after PFOA exposure, as well as the corre-

ation between the altered circulating miRNAs and various PFOA
oxicological effects, need further investigation. Because circulat-
ng miRNA profiles are also altered in several clinical diseases or
ollowing exposure to some substances, reduction in potential false
ositives when using circulating miRNAs as biomarkers for PFOA
xposure needs further investigation. The cost of circulating miRNA
nalysis is high and the process is not simple, therefore it is also
mportant to develop circulating miRNA analysis technology that is
heaper and easier to operate for the application and dissemination
f circulating miRNA biomarkers.

onflict of interest

The authors declare that there are no conflicts of interest.

cknowledgements

This work was supported by the National High-Tech R&D Plan
863 Program: 2013AA065203) and the National Natural Science
oundation of China (Grant 31320103915 and 21277143).

ppendix A. Supplementary data

Supplementary data associated with this article can be
ound, in the online version, at http://dx.doi.org/10.1016/j.toxlet.
013.10.017.

eferences

lmeida, M.I., Nicoloso, M.S., Zeng, L., Ivan, C., Spizzo, R., Gafa, R., Xiao, L., Zhang,
X.,  Vannini, I., Fanini, F., Fabbri, M.,  Lanza, G., Reis, R.M., Zweidler-McKay, P.A.,
Calin, G.A., 2012. Strand-specific miR-28-5p and miR-28-3p have distinct effects
in  colorectal cancer cells. Gastroenterology 142, 886–896, e889.

ranha, M.M.,  Santos, D.M., Sola, S., Steer, C.J., Rodrigues, C.M., 2011. miR-34a regu-
lates mouse neural stem cell differentiation. PLoS One 6, e21396.

ala, S., Petrasek, J., Mundkur, S., Catalano, D., Levin, I., Ward, J., Alao, H., Kodys, K.,
Szabo, G., 2012. Circulating microRNAs in exosomes indicate hepatocyte injury
and  inflammation in alcoholic, drug-induced, and inflammatory liver diseases.
Hepatology 56, 1946–1957.

alakathiresan, N., Bhomia, M., Chandran, R., Chavko, M.,  McCarron, R.M., Mahesh-
wari, R.K., 2012. MicroRNA let-7i is a promising serum biomarker for
blast-induced traumatic brain injury. J.Neurotrauma 29, 1379–1387.

artel, D.P., 2009. MicroRNAs: target recognition and regulatory functions. Cell 136,
215–233.

ernardo, B.C., Gao, X.M., Winbanks, C.E., Boey, E.J., Tham, Y.K., Kiriazis, H., Gregore-
vic, P., Obad, S., Kauppinen, S., Du, X.J., Lin, R.C., McMullen, J.R., 2012. Therapeutic
inhibition of the miR-34 family attenuates pathological cardiac remodeling and
improves heart function. Proc. Natl. Acad. Sci. U.S.A. 109, 17615–17620.

uckley, L.A., Dorato, M.A., 2009. High dose selection in general toxicity studies
for drug development: a pharmaceutical industry perspective. Regul. Toxicol.
Pharmacol. 54, 301–307.

hang, J., Nicolas, E., Marks, D., Sander, C., Lerro, A., Buendia, M.A., Xu, C., Mason,
W.S., Moloshok, T., Bort, R., Zaret, K.S., Taylor, J.M., 2004. miR-122, a mammalian
liver-specific microRNA, is processed from hcr mRNA and may  downregulate
the high affinity cationic amino acid transporter CAT-1. RNA Biol. 1, 106–113.

larke, R., Ressom, H.W., Wang, A., Xuan, J., Liu, M.C., Gehan, E.A., Wang, Y., 2008.
The properties of high-dimensional data spaces: implications for exploring gene
and protein expression data. Nat. Rev. Cancer 8, 37–49.

ui, L., Zhou, Q.F., Liao, C.Y., Fu, J.J., Jiang, G.B., 2009. Studies on the toxicological
effects of PFOA and PFOS on rats using histological observation and chemical

analysis. Arch. Environ. Contam. Toxicol. 56, 338–349.

ecaprio, A.P., 1997. Biomarkers: Coming of age for environmental health and risk
assessment. Environ. Sci. Technol. 31, 1837–1848.

ettmer, M.,  Vogetseder, A., Durso, M.B., Moch, H., Komminoth, P., Perren, A., Niki-
forov, Y.E., Nikiforova, M.N., 2013. MicroRNA expression array identifies novel
ters 224 (2014) 24– 31

diagnostic markers for conventional and oncocytic follicular thyroid carcinomas.
J.  Clin. Endocrinol. Metab. 98, E1–E7.

Duan, Z., Choy, E., Harmon, D., Liu, X., Susa, M.,  Mankin, H., Hornicek, F., 2011.
MicroRNA-199a-3p is downregulated in human osteosarcoma and regulates cell
proliferation and migration. Mol. Cancer Ther. 10, 1337–1345.

Etheridge, A., Lee, I., Hood, L., Galas, D., Wang, K., 2011. Extracellular microRNA: a
new source of biomarkers. Mutat. Res. 717, 85–90.

Eulalio, A., Mano, M., Dal Ferro, M.,  Zentilin, L., Sinagra, G., Zacchigna, S., Giacca,
M., 2012. Functional screening identifies miRNAs inducing cardiac regeneration.
Nature 492, 376–381.

Fischer, L., Hummel, M.,  Korfel, A., Lenze, D., Joehrens, K., Thiel, E., 2011. Differential
micro-RNA expression in primary CNS and nodal diffuse large B-cell lymphomas.
Neuro Oncol. 13, 1090–1098.

Fornari, F., Milazzo, M.,  Chieco, P., Negrini, M.,  Calin, G.A., Grazi, G.L., Pollutri, D.,
Croce, C.M., Bolondi, L., Gramantieri, L., 2010. MiR-199a-3p regulates mTOR and
c-Met to influence the doxorubicin sensitivity of human hepatocarcinoma cells.
Cancer Res. 70, 5184–5193.

Gallo, V., Leonardi, G., Genser, B., Lopez-Espinosa, M.J., Frisbee, S.J., Karlsson, L.,
Ducatman, A.M., Fletcher, T., 2012. Serum perfluorooctanoate (PFOA) and per-
fluorooctane sulfonate (PFOS) concentrations and liver function biomarkers
in  a population with elevated PFOA exposure. Environ. Health Perspect. 120,
655–660.

Gocek, E., Wang, X., Liu, X., Liu, C.G., Studzinski, G.P., 2011. MicroRNA-32 upregula-
tion by 1,25-dihydroxyvitamin D3 in human myeloid leukemia cells leads to Bim
targeting and inhibition of AraC-induced apoptosis. Cancer Res. 71, 6230–6239.

Hauser, S., Wulfken, L.M., Holdenrieder, S., Moritz, R., Ohlmann, C.H., Jung, V., Becker,
F.,  Herrmann, E., Walgenbach-Brunagel, G., von Ruecker, A., Muller, S.C., Ellinger,
J.,  2012. Analysis of serum microRNAs (miR-26a-2*, miR-191, miR-337-3p and
miR-378) as potential biomarkers in renal cell carcinoma. Cancer Epidemiol. 36,
391–394.

He, L., He, X., Lim, L.P., de Stanchina, E., Xuan, Z., Liang, Y., Xue, W.,  Zender, L., Magnus,
J.,  Ridzon, D., Jackson, A.L., Linsley, P.S., Chen, C., Lowe, S.W., Cleary, M.A., Han-
non, G.J., 2007. A microRNA component of the p53 tumour suppressor network.
Nature 447, 1130–1134.

Hermeking, H., 2010. The miR-34 family in cancer and apoptosis. Cell Death Differ.
17,  193–199.

Hou, J., Lin, L., Zhou, W.,  Wang, Z., Ding, G., Dong, Q., Qin, L., Wu,  X., Zheng, Y., Yang,
Y., Tian, W.,  Zhang, Q., Wang, C., Zhang, Q., Zhuang, S.-M., Zheng, L., Liang, A., Tao,
W.,  Cao, X., 2011. Identification of miRNomes in human liver and hepatocellu-
lar  carcinoma reveals miR-199a/b-3p as therapeutic target for hepatocellular
carcinoma. Cancer Cell 19, 232–243.

Iorio, M.V., Visone, R., Di Leva, G., Donati, V., Petrocca, F., Casalini, P., Taccioli, C.,
Volinia, S., Liu, C.G., Alder, H., Calin, G.A., Menard, S., Croce, C.M., 2007. MicroRNA
signatures in human ovarian cancer. Cancer Res. 67, 8699–8707.

John, E., Wienecke-Baldacchino, A., Liivrand, M.,  Heinaniemi, M.,  Carlberg, C.,
Sinkkonen, L., 2012. Dataset integration identifies transcriptional regulation of
microRNA genes by PPARgamma in differentiating mouse 3T3-L1 adipocytes.
Nucleic Acids Res. 40, 4446–4460.

Kendziorski, C., Irizarry, R.A., Chen, K.S., Haag, J.D., Gould, M.N., 2005. On the utility
of  pooling biological samples in microarray experiments. Proc. Natl. Acad. Sci.
U.S.A. 102, 4252–4257.

Kerr, T.A., Korenblat, K.M., Davidson, N.O., 2011. MicroRNAs and liver disease. Transl.
Res.  157, 241–252.

Klaunig, J.E., Hocevar, B.A., Kamendulis, L.M., 2012. Mode of Action analysis of perflu-
orooctanoic acid (PFOA) tumorigenicity and Human Relevance. Reprod. Toxicol.
33,  410–418.

Koufaris, C., Wright, J., Currie, R.A., Gooderham, N.J., 2012. Hepatic microRNA pro-
files  offer predictive and mechanistic insights after exposure to genotoxic and
epigenetic hepatocarcinogens. Toxicol. Sci. 128, 532–543.

Ladeiro, Y., Couchy, G., Balabaud, C., Bioulac-Sage, P., Pelletier, L., Rebouissou, S.,
Zucman-Rossi, J., 2008. MicroRNA profiling in hepatocellular tumors is asso-
ciated with clinical features and oncogene/tumor suppressor gene mutations.
Hepatology 47, 1955–1963.

Lau, C., Anitole, K., Hodes, C., Lai, D., Pfahles-Hutchens, A., Seed, J., 2007. Perfluo-
roalkyl acids: a review of monitoring and toxicological findings. Toxicol. Sci. 99,
366–394.

Li, T., Cao, H., Zhuang, J., Wan, J., Guan, M.,  Yu, B., Li, X., Zhang, W.,  2011. Identification
of  miR-130a, miR-27b and miR-210 as serum biomarkers for atherosclerosis
obliterans. Clin. Chim. Acta 412, 66–70.

Lin, C.Y., Wen, L.L., Lin, L.Y., Wen, T.W., Lien, G.W., Chen, C.Y., Hsu, S.H., Chien, K.L.,
Sung, F.C., Chen, P.C., Su, T.C., 2011. Associations between levels of serum perflu-
orinated chemicals and adiponectin in a young hypertension cohort in Taiwan.
Environ. Sci. Technol. 45, 10691–10698.

Lin, F., Li, R., Pan, Z.X., Zhou, B., Yu de, B., Wang, X.G., Ma,  X.S., Han, J., Shen, M.,  Liu,
H.L., 2012. miR-26b promotes granulosa cell apoptosis by targeting ATM during
follicular atresia in porcine ovary. PLoS ONE 7, e38640.

Liu, N., Landreh, M.,  Cao, K., Abe, M.,  Hendriks, G.J., Kennerdell, J.R., Zhu, Y., Wang,
L.S.,  Bonini, N.M., 2012. The microRNA miR-34 modulates ageing and neurode-
generation in Drosophila. Nature 482, 519–523.

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(−Delta Delta C(T)) Method. Methods 25,

402–408.

Luo, Y., Wang, C., Chen, X., Zhong, T., Cai, X., Chen, S., Shi, Y., Hu, J., Guan, X., Xia,
Z., Wang, J., Zen, K., Zhang, C.Y., Zhang, C., 2013. Increased serum and urinary
microRNAs in children with idiopathic nephrotic syndrome. Clin. Chem. 59,
658–666.

http://dx.doi.org/10.1016/j.toxlet.2013.10.017
http://dx.doi.org/10.1016/j.toxlet.2013.10.017
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0005
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0010
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0015
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0020
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0025
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0030
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0035
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0040
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0045
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0050
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0055
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0060
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0065
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0070
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0075
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0080
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0085
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0090
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0095
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0100
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0105
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0110
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0115
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0120
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0125
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0130
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0135
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0140
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0145
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0150
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0155
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0160
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0165
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0170
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0175
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0180
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0185


gy Let

M

M

O

O

O

P

P

R

R

S

S

S

S

S

S

S

transcriptional expression of FABPs in zebrafish liver after chronic perfluo-
S. Yan et al. / Toxicolo

ishra, R., Chhatbar, C., Singh, S.K., 2012. HIV-1 Tat C-mediated regulation of
tumor necrosis factor receptor-associated factor-3 by microRNA 32 in human
microglia. J. Neuroinflamm. 9, 131.

urakami, Y., Toyoda, H., Tanaka, M.,  Kuroda, M.,  Harada, Y., Matsuda, F., Tajima,
A.,  Kosaka, N., Ochiya, T., Shimotohno, K., 2011. The progression of liver fibrosis
is  related with overexpression of the miR-199 and 200 families. PLoS ONE 6,
e16081.

lsen, G.W., Zobel, L.R., 2007. Assessment of lipid, hepatic, and thyroid parame-
ters with serum perfluorooctanoate (PFOA) concentrations in fluorochemical
production workers. Int. Arch. Occup. Environ. Health 81, 231–246.

skowitz, A.Z., Lu, J., Penfornis, P., Ylostalo, J., McBride, J., Flemington, E.K., Prockop,
D.J., Pochampally, R., 2008. Human multipotent stromal cells from bone mar-
row and microRNA: regulation of differentiation and leukemia inhibitory factor
expression. Proc. Natl. Acad. Sci. U.S.A. 105, 18372–18377.

uyang, L., Liu, P., Yang, S., Ye, S., Xu, W.,  Liu, X., 2013. A three-plasma miRNA
signature serves as novel biomarkers for osteosarcoma. Med. Oncol. 30, 340.

asquinelli, A.E., 2012. MicroRNAs and their targets: recognition, regulation and an
emerging reciprocal relationship. Nat. Rev. Genet. 13, 271–282.

eters, J.M., Gonzalez, F.J., 2011. Why  toxic equivalency factors are not suitable for
perfluoroalkyl chemicals. Chem. Res. Toxicol. 24, 1601–1609.

ahbari, R., Holloway, A.K., He, M.,  Khanafshar, E., Clark, O.H., Kebebew, E., 2011.
Identification of differentially expressed microRNA in parathyroid tumors. Ann.
Surg. Oncol. 18, 1158–1165.

ottiers, V., Naar, A.M., 2012. MicroRNAs in metabolism and metabolic disorders.
Nat. Rev. Mol. Cell Biol. 13, 239–250.

hi, X., Yeung, L.W., Lam, P.K., Wu,  R.S., Zhou, B., 2009. Protein profiles in zebrafish
(Danio rerio) embryos exposed to perfluorooctane sulfonate. Toxicol. Sci. 110,
334–340.

himono, Y., Zabala, M.,  Cho, R.W., Lobo, N., Dalerba, P., Qian, D., Diehn, M.,  Liu, H.,
Panula, S.P., Chiao, E., Dirbas, F.M., Somlo, G., Pera, R.A., Lao, K., Clarke, M.F., 2009.
Downregulation of miRNA-200c links breast cancer stem cells with normal stem
cells. Cell 138, 592–603.

on, H.Y., Kim, S.H., Shin, H.I., Bae, H.I., Yang, J.H., 2008. Perfluorooctanoic acid-
induced hepatic toxicity following 21-day oral exposure in mice. Arch. Toxicol.
82, 239–246.

onkoly, E., Pivarcsi, A., 2011. MicroRNAs in inflammation and response to injuries
induced by environmental pollution. Mutat. Res. 717, 46–53.

tarkey Lewis, P.J., Dear, J., Platt, V., Simpson, K.J., Craig, D.G., Antoine, D.J., French,
N.S., Dhaun, N., Webb, D.J., Costello, E.M., Neoptolemos, J.P., Moggs, J., Goldring,
C.E., Park, B.K., 2011. Circulating microRNAs as potential markers of human drug-
induced liver injury. Hepatology 54, 1767–1776.

teenland, K., Fletcher, T., Savitz, D.A., 2010. Epidemiologic evidence on the

health effects of perfluorooctanoic acid (PFOA). Environ Health Perspect 118,
1100–1108.

ukata, T., Sumida, K., Kushida, M.,  Ogata, K., Miyata, K., Yabushita, S., Uwagawa, S.,
2011. Circulating microRNAs, possible indicators of progress of rat hepatocar-
cinogenesis from early stages. Toxicol. Lett. 200, 46–52.
ters 224 (2014) 24– 31 31

Tan, F., Jin, Y., Liu, W.,  Quan, X., Chen, J., Liang, Z., 2012. Global liver proteome analysis
using iTRAQ labeling quantitative proteomic technology to reveal biomarkers
in mice exposed to perfluorooctane sulfonate (PFOS). Environ. Sci. Technol. 46,
12170–12177.

Trebicka, J., Anadol, E., Elfimova, N., Strack, I., Roggendorf, M.,  Viazov, S., Wede-
meyer, I., Drebber, U., Rockstroh, J., Sauerbruch, T., Dienes, H.P., Odenthal, M.,
2013. Hepatic and serum levels of miR-122 after chronic HCV-induced fibrosis.
J.  Hepatol. 58, 234–239.

Tryndyak, V.P., Latendresse, J.R., Montgomery, B., Ross, S.A., Beland, F.A., Rusyn, I.,
Pogribny, I.P., 2012. Plasma microRNAs are sensitive indicators of inter-strain
differences in the severity of liver injury induced in mice by a choline- and
folate-deficient diet. Toxicol. Appl. Pharmacol. 262, 52–59.

Wang, F., Liu, W.,  Ma,  J., Yu, M.,  Jin, Y., Dai, J., 2012a. Prenatal and neonatal exposure
to  perfluorooctane sulfonic acid results in changes in miRNA expression profiles
and synapse associated proteins in developing rat brains. Environ. Sci. Technol.
46, 6822–6829.

Wang, J., Zhang, Y., Zhang, W.,  Jin, Y., Dai, J., 2012b. Association of perfluorooctanoic
acid with HDL cholesterol and circulating miR-26b and miR-199-3p in work-
ers of a fluorochemical plant and nearby residents. Environ. Sci. Technol. 46,
9274–9281.

Wang, K., Zhang, S., Marzolf, B., Troisch, P., Brightman, A., Hu, Z., Hood, L.E., Galas,
D.J.,  2009. Circulating microRNAs, potential biomarkers for drug-induced liver
injury. Proc. Natl. Acad. Sci. U.S.A. 106, 4402–4407.

Wang, L.G., Gu, J., 2012. Serum microRNA-29a is a promising novel marker for early
detection of colorectal liver metastasis. Cancer Epidemiol. 36, e61–e67.

Wolf, C.J., Schmid, J.E., Lau, C., Abbott, B.D., 2012. Activation of mouse and human per-
oxisome proliferator-activated receptor-alpha (PPARalpha) by perfluoroalkyl
acids (PFAAs): further investigation of C4-C12 compounds. Reprod. Toxicol. 33,
546–551.

Wright, G.W., Simon, R.M., 2003. A random variance model for detection of dif-
ferential gene expression in small microarray experiments. Bioinformatics 19,
2448–2455.

Wu,  N., Zhao, X., Liu, M.,  Liu, H., Yao, W.,  Zhang, Y., Cao, S., Lin, X., 2011. Role of
microRNA-26b in glioma development and its mediated regulation on EphA2.
PLoS ONE 6, e16264.

Zhang, L., Li, Y.Y., Zeng, H.C., Wei, J., Wan, Y.J., Chen, J., Xu, S.Q., 2011a. MicroRNA
expression changes during zebrafish development induced by perfluorooctane
sulfonate. J. Appl. Toxicol. 31, 210–222.

Zhang, S.D., Gant, T.W., 2005. Effect of pooling samples on the efficiency of compar-
ative studies using microarrays. Bioinformatics 21, 4378–4383.

Zhang, W.,  Zhang, Y., Zhang, H., Wang, J., Cui, R., Dai, J., 2012. Sex differences in
rononanoic acid exposure. Environ. Sci. Technol. 46, 5175–5182.
Zhang, Y., Yang, Z., Whitby, R., Wang, L., 2011b. Regulation of miR-200c by nuclear

receptors PPARalpha, LRH-1 and SHP. Biochem. Biophys. Res. Commun. 416,
135–139.

http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0190
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0195
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0200
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0205
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0210
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0215
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0220
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0225
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0230
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0235
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0240
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0245
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0250
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0255
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0260
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0265
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0270
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0275
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0280
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0285
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0290
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0295
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0300
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0305
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0310
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0315
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0320
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0325
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0330
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335
http://refhub.elsevier.com/S0378-4274(13)01360-X/sbref0335

	Circulating microRNA profiles altered in mice after 28d exposure to perfluorooctanoic acid
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Animal treatment
	2.3 Serum PFOA determination
	2.4 TaqMan miRNA array analysis
	2.5 Validation experiment of circulating miRNAs with altered levels
	2.6 TaqMan miRNA assay in livers
	2.7 Serum biochemical assay
	2.8 Statistical analysis

	3 Results
	3.1 Toxicological effects of PFOA
	3.2 Circulating miRNA profiles altered after PFOA exposure
	3.3 Effects of PFOA on circulating miR-26b-5p and miR-199a-3p in mice
	3.4 Effects of PFOA on levels of eight selected miRNAs in liver
	3.5 Effects of PFOS on mice were similar to PFOA

	4 Discussion
	Conflict of interest
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


