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Abstract

Hypothalamic inflammation contributes to metabolic dysregulation and the onset of obesity.
Dietary saturated fats activate microglia via a nuclear factor-kappa B (NFxB) mediated pathway to
release pro-inflammatory cytokines resulting in dysfunction or death of surrounding neurons. Fatty
acid binding proteins (FABPS) are lipid chaperones regulating metabolic and inflammatory
pathways in response to fatty acids. Loss of FABP4 in peripheral macrophages via either
molecular or pharmacologic mechanisms results in reduced obesity-induced inflammation via a
UCP2-redox based mechanism. Despite the widespread appreciation for the role of FABP4 in
mediating peripheral inflammation, the expression of FABP4 and a potential FABP4-UCP2 axis
regulating microglial inflammatory capacity is largely uncharacterized. To that end, we
hypothesized that microglial cells express FABP4 and that inhibition would upregulate UCP2 and
attenuate palmitic acid (PA)-induced pro-inflammatory response. Gene expression confirmed
expression of FABP4 in brain tissue lysate from C57BI1/6J mice and BV2 microglia. Treatment of
microglial cells with an FABP inhibitor (HTS01037) increased expression of Ucp2and arginase in
the presence or absence of PA. Moreover, cells exposed to HTS01037 exhibited attenuated
expression of inducible nitric oxide synthase (iNOS) compared to PA alone indicating reduced
NF«xB signaling. Hypothalamic tissue from mice lacking FABP4 exhibit increased UCP2
expression and reduced iNOS, tumor necrosis factor-alpha (TNF-a), and ionized calcium-binding
adapter molecule 1 (Ibal; microglial activation marker) expression compared to wild type mice.
Further, this effect is negated in microglia lacking UCP2, indicating the FABP4-UCP2 axis is
pivotal in obesity induced neuroinflammation. To our knowledge, this is the first report
demonstrating a FABP4-UCP2 axis with the potential to modulate the microglial inflammatory
response.

Corresponding author: Tammy Butterick, butte017@umn.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duffy et al. Page 2

Graphical abstract

\b t Inflammation |j

Microglia

Keywords
Neuroinflammation; reactive oxygen species; palmitic acid; obesity

Introduction

Saturated fatty acids (SFAS) such as palmitic acid (PA) contribute to the onset of metabolic
inflammatory diseases, including obesity, in part through hypothalamic dysregulation and
degeneration (Cai, 2013; Karmi et al., 2010; Thaler et al., 2012; Valdearcos et al., 2014). In
the hypothalamus, dietary PA activates microglia (immune cells of the brain) via a nuclear
factor kappa B (NFxB)-mediated pathway to release pro-inflammatory cytokines and
contribute to damage of neurons responsible for regulating body weight (Thaler et al., 2013;
Wang et al., 2012).

Microglia are sensitive and highly dynamic in response to changes in the surrounding
microenvironment. As microglia respond to the surrounding environment, they are activated
to either a pro-inflammatory (M1) or anti-inflammatory, protective (M2) phenotype,
depending on external stimuli. For example, PA activates microglia via a toll like receptor
(TLR)-4 and induces the release of pro-inflammatory cytokines and factors such as tumor
necrosis factor-alpha (TNF-a) and inducible nitric oxide synthase (iNOS) (Duffy et al.,
2015; Valdearcos et al., 2014). Conversely, microglia activated with the anti-inflammatory
cytokine interleukin (IL)-4 polarize to an M2 protective state, characterized by the release of
anti-inflammatory cytokines and factors such as arginase-1 (Fumagalli et al., 2011). The
polarization of microglial cells is a highly energetic process and dependent upon
mitochondrial integrity and activation. Uncoupling protein 2 (UCP2) has been implicated in
mediating energetic processes of microglial activation states (Emre and Nubel, 2010).
Microglia activated to an M1 phenotype have reduced UCP2 activity and expression,
resulting in increased production of reactive oxygen species (ROS) (De Simone et al., 2015).
Conversely, UCP2 activity is robustly increased following activation of an M2 protective
phenotype (De Simone et al., 2015), indicating a potential target to manipulate microglial
activation states.
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UCP2 activity is regulated by fatty acid binding proteins (FABP), lipid chaperones
regulating metabolic and inflammatory pathways in response to fatty acids (Hotamisligil and
Bernlohr, 2015). Targeted deletion of the adipocyte FABP (FABP4, also known as aP2) is
sufficient to prevent obesity induced insulin resistance, diabetes, atherosclerosis and asthma,
(Boord et al., 2004; Furuhashi et al., 2007; Hotamisligil et al., 1996; Shum et al., 2006).
Mice lacking FABP4 (also referred to as aP2 deficient mice) have been used to extensively
characterize diabetes, atherosclerosis and asthma linking FABP4 signaling to important roles
in metabolic homeostasis and immunometabolic diseases, as reviewed in (Hotamisligil and
Bernlohr, 2015). In peripheral murine macrophages, the loss of FABP4 protects against the
development of atherosclerosis and dyslipidemia (Makowski et al., 2001). The loss of
FABP4 in macrophages via either molecular or pharmacologic means results in attenuated
obesity-induced inflammation through a UCP2-redox based mechanism (Xu et al., 2016; Xu
et al., 2015). While the role of the FABP4-UCP2 axis in peripheral macrophages has been
extensively characterized, this axis has not been explored in the brain immune cells such as
microglia.

We hypothesized that inhibition of FBAP4 in microglia would attenuate PA-induced pro-
inflammatory response through a UCP2 mediated mechanism. Herein we demonstrate that
mice lacking FABP4 have increased expression of UCP2 and reduced expression of TNF-a,
iNOS, and ionized calcium-binding adapter molecule 1 (Ibal, a marker of microglial
activation) in the hypothalamus. Moreover, pharmacological inhibition of FABP increases
UCP2 expression and reduces PA-induced pro-inflammatory response and ROS production.
Further, this effect is negated in microglia lacking UCP2, indicating the FABP4-UCP2 axis
is pivotal in obesity-induced neuroinflammation.

Materials and Methods

Cell culture and reagents

Immortalized murine microglial cells (BV2) and UCP2 knockdown BV2 microglia
(UCP2kd) were grown in Dulbecco’s modified Eagle’s medium (DMEM,; Invitrogen,
Carlsbad CA USA) supplemented with 10% fetal bovine serum and 1% penicillin,
streptomycin, and neomycin and maintained at 37°C with 5% CO,. Pan-FABP inhibitor
(HTS01037; Cayman Chemical) was suspended in dimethyl sulfoxide (DMSO; Sigma
Aldrich, St. Louis MO USA) and diluted to 30 uM in DMEM. Palmitic acid (PA; Sigma
Aldrich) was conjugated to fatty acid free bovine serum (BSA; Sigma Aldrich) and diluted
to 0.1 mM in DMEM. Cells were seeded in 6 well plates at 6 x 10° cells per well and grown
to ~80% confluency. For gene expression studies, cells were pretreated with HTS01037 or
vehicle control for 3 h and challenged with PA (or vehicle) for 12 h.

shRNA knockdown of UCP2 in microglia

BV2 microglia were transduced with a short hairpin RNA (shRNA) lentivirus as previously
described (Curtis et al., 2010). Green fluorescent protein (GFP) scrambled and UCP2
targeting sequences were obtained from Open Biosystems (Pittsburgh, PA USA). The
following were used UCP2 (GenBank accession number NM_011671) targeting sequence
(UCP2 knockdown; UCP2kd) 5’-
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CCGGTCTCCCAATGTTGCCCGTAATCTCGAGATTACGGGCAACATTGGGAGATTTT
TG-3’; scrambled sequence, 5 -AACGTACGCGGAATACTTCGA-3’. UCP2 expression
knockdown is approximately 90% (Supplemental Fig 1).

Real-time RT PCR

Whole hypothalamic tissue was dissected from fifteen week old FABP4/aP2 knockout (also
referred to as AKO) and wildtype (WT) mice maintained on 60% high fat diet (HFD) for 12
weeks (Hertzel et al., 2006; Kotz et al., 2012). Mice were obtained from our breeding colony
and the experimental protocol was approved by the Institutional Animal Care and Use
Committee at the University of Minnesota. Total RNA was extracted from microglia and
hypothalamic tissue with the aid of Trizol (Invitrogen) (Butterick et al., 2012; Chomczynski,
1993). A final concentration of mRNA was determined spectrophotometerically (Nanodrop
ND-8000; ThermoFisher Scientific, Waltham MA USA). Real-time thermal cycling were
carried out in a Roche LightCycler (Roche Diagnostics Corporation, Indianapolis, IN USA)
by one-step RT-PCR using the general method as previously described (Duffy et al., 2015).
Target gene expression (Table 1) was determined using SYBR Green detection normalized
to GAPDH using the 2~ACT method (Livak and Schmittgen, 2001).

Amplification products were separated via electrophoresis on 3% agarose gels stained with
SYBR green. gRT-PCR products were purified using a commercially available kit (MinElute
PCR Purification, Qiagen Valencia CA USA) and validated using Sanger di-deoxyterminator
sequence method at the University of Minnesota Genomics Center.

Reactive oxygen species assay

Intracellular ROS production was determined using Deep Red Fluorescence kit (Abcam,
Cambridge GBR) as previously described (Duffy et al., 2016). Briefly, cells were pretreated
with HTS01037 or vehicle for 3 h and then challenged with or without PA for 1 h (time
points based on (De Simone et al., 2015)). Cells were then exposed to the ROS Deep Red
Dye for 1 hin 5% CO» at 37°C. Intracellular superoxide and hydroxyl radicals react with the
deep red dye, producing a fluorescent signal which was measured using a spectrophotometer
at 650g,/675gm (SpectraMax-M5; Molecular Devices, Sunnyvale CA USA). Data are
presented as relative fluorescence units.

Statistical analysis

Significant differences were determined by either a one- or two-way ANOVA followed by
Holm-Sidak’s correction for multiple comparisons using Graph Pad Prism 6 (GraphPad
Software, Inc. La Jolla CA USA). Letters indicate significant differences between treatment
groups (e.g. columns with the same letters do not differ from each other, while columns with
different letters are significantly different).

Results

Microglial cells express FABP4 and FABP5, but not FABP7

To verify that microglial cells express FABP, real-time PCR products of FABP4 (Fig 1A),
FABP5 (Fig 1B), and FABP7 (Fig 1C) were separated via electrophoresis and visualized on
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an agarose gel. Similar to macrophages, BV2 microglial cells express both FABP4 and
FABP5, whereas in total brain lysates, FABP4, FABP5, and FABP7 are expressed.

Hypothalamic pro-inflammatory response is suppressed in mice lacking FABP4

In peripheral macrophages, lack of FABP4 contributes to upregulation of UCP2 (Xu et al.,
2015). To determine if the absence of FABP4 leads to upregulated UCP2 in microglial cells,
gene expression in hypothalamic tissue from FABP4 knockout (referred to as AKO) and WT
mice was assessed. Similar to peripheral tissue, brain tissue from AKO mice have
upregulated UCP2 expression (Fig 2A; p<0.05 vs. WT). In peripheral macrophages, loss of
FABP4 and upregulation of UCP2 is correlated with decreased NFxB activity, a polarization
switch from M1 to M2 and reduced expression of inflammatory markers. Likewise, UCP2
mediates microglial polarization (De Simone et al., 2015). Similar to the results in peripheral
macrophages, hypothalamic tissues from wild type and AKO mice exhibited significantly
reduced expression of 1bal, TNF-a, and iNOS compared to WT mice (Fig 2B-D; p<0.05).

Inhibition of FABP leads to increased UCP2 expression in BV2 microglial cells

Prior reports demonstrate UCP2 expression is increased in macrophages treated with the
FABP inhibitor HTS01037 (Xu et al., 2015). We tested whether the same was true in BV2
microglia when treated with HTS01037. As predicted, UCP2 expression was significantly
increased following HTS01037 treatment in the presence or absence of PA (Fig 3; p<0.0001
C vs. HTS, p<0.001 C vs. HTS+PA, p<0.001 PA vs. HTS, 0.05 PA vs. HTS+PA).
Furthermore, the expression of UCP2 was dependent upon the presence or absence of
FABP4, as PA alone did not alter basal UCP2 expression (Fig 3).

UCP2 is necessary for microglial inflammatory response

To determine if UCP2 is necessary for mediating PA-induced inflammatory response, we
assessed changes in gene expression of iNOS in BV2 versus UCP2kd microglia. Exposure to
PA significantly increased iNOS expression in BV2 and UCP2kd microglia (Fig 4; p<0.001
PA vs. C). Inhibition of FABP attenuated PA-induced iNOS expression below basal levels in
control cells, but iINOS was significantly increased in UCP2kd cells (Fig 4; p<0.001 PA vs.
HTS, HTS+PA). Further, UCP2kd microglia treated with HTS01037 no longer exhibited
attenuated PA-induced iNOS (Fig 4; p<0.05 C vs. HTS+PA, p<0.001 C vs. HTS, p<0.0001
C vs. PA, p<0.0001 PA vs. HTS, HTS+PA). To determine if UCP2 is necessary to mediate
the anti-inflammatory microglial activation, we evaluated changes in arginase-1 expression
in BV2 and UCP2kd microglia. Arginase-1 expression was significantly increased in BV2
microglia exposed to HTS01037 alone or in the presence of PA (Fig 5; p<0.0001 C vs HTS,
p<0.0001 PA vs. HTS, p<0.05 PA vs. HTS+PA). Remarkably, arginase-1 expression was
significantly reduced in UCP2kd microglia treated with PA alone, HTS01037 only, or
HTS01037 plus PA (Fig 5; p<0.0001 C vs. HTS, PA, and HTS+PA).

UCP?2 effect of ROS production in microglia

Next, we analyzed changes in production of ROS in BV2 and UCP2kd microglia. As
predicted, we found that PA increased ROS production in BV2 cells (Fig 6; p<0.0001 PA vs.
C), and that PA-induced ROS production was attenuated in BV2 cells when pretreated with
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the FABP inhibitor HTS01037 (Fig 6; p<0.001 vs. HTS and HTS+PA). In UCP2kd
microglia, HTS01037 had no effect on ROS production, as PA significantly increased ROS
production in all treatment conditions (Fig 6; p<0.0001 PA vs. C, p<0.001 HTS+PA vs. C).

Discussion

Obesity is often coupled with peripheral and central chronic low-grade inflammation
(Businaro et al., 2012; Uranga et al., 2010). Prolonged overnutrition and excess intake of
SFA increase the amount of fatty acids in the brain and induce neuroinflammation (Cai,
2013; Cai and Liu, 2011; Karmi et al., 2010; Thaler et al., 2012; Valdearcos et al., 2014).
The onset of chronic neuroinflammation has identified as a major contributor to HFD-
induced hypothalamic dysregulation (Valdearcos et al., 2014). In addition to influencing
obesity risk, dietary fats, such as palmitic acid, have been linked to development of cognitive
disorders such as Alzheimer’s disease (AD) through increase in neuroinflammation (Anstey
et al., 2011; Businaro et al., 2012; Xu et al., 2011).

Microglia promote neuronal health in part via maintaining a favorable microenvironment
throughout the central nervous system (Tremblay et al., 2010; Wake et al., 2009). Microglia,
once thought to be passive support cells, are now appreciated to maintain neuronal-glial
circuitry though removing damaged synapses and altering plasticity (Davalos et al., 2005;
Nimmerjahn et al., 2005). As observed in obesity, microglial activation state shifts towards a
chronic pro-inflammatory phenotype (Miller and Spencer, 2014; Tang et al., 2015;
Valdearcos et al., 2014). In peripheral macrophages, FABP dynamics alters macrophage
polarization states (Hotamisligil and Bernlohr, 2015; Xu et al., 2015). Here, we demonstrate
microglia express FABP4 and FABP5 but not FABP7 (Fig 1), similar to macrophages.
Likewise, we show that mice lacking FABP4 have attenuated hypothalamic HFD-induced
pro-inflammatory response (Fig 2). These findings are comparable to other published reports
of diet induced neuroinflammation (Thaler et al., 2012; Valdearcos et al., 2014). Others have
demonstrated HFD induces M1 microglial activation, leading to impaired phagocytosis and
contributing to worsening pathology of neurodegenerative diseases including AD (Graham
et al., 2016). Although not tested in this study, it is likely that the microglia in the
FABP4/aP2 knockout animals have increased phagocytic function and reduced neuronal
stress. Future studies will examine the role of microglia and cognitive function in FABP4
knockout animals.

In peripheral macrophages, the loss or inhibition of FABP4 results in attenuated obesity-
induced inflammatory response via a FABP4-UCP2 mediated axis (Xu et al., 2016; Xu et al.,
2015). Here we demonstrate the novel FABP4-UCP2 axis in microglia mediating PA-
induced inflammation. We show UCP2 expression is increased following inhibition of
FABP4 (Fig 3). Additionally, we demonstrate that inhibition of FABP4 upregulates the anti-
inflammatory marker arginase and attenuates PA-induced increase in iNOS (Fig 4). Notably,
we demonstrate that when UCP2 is knocked down, inhibition of FABP4 no longer
suppresses PA-induced iNOS expression and significantly reduces arginase expression (Fig
5). These findings demonstrate that UCP2 is necessary for mediating microglial polarization.
The mechanistic relationship between iNOS and arginase 1 exists functionally at the
substrate level, as both enzymes utilize L-arginine (Cherry et al., 2014; Rath et al., 2014).
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However, arginase 1 can effectively outcompete iNOS to downregulate production of nitric
oxide, thus suppressing iNOS activity (Rath et al., 2014). Interestingly, L-arginine
metabolism is also known to regulate inflammatory function of macrophages however this is
unknown in microglia. In macrophages, increased iNOS function is associated with the pro-
inflammatory M1 phenotype and is thought to be a part of the metabolic adaptive component
of immune cell polarization critical to immunity and inflammation. Although this has been
defined in macrophages, it remains unexplored in microglia.

While evidence indicates UCP2 has a role in neuroprotection and in the inflammatory
response, the underlying mechanisms remain unresolved. Our data support that promotion of
the M2 microglial activation phenotype could represent one such mechanism, resulting in
reduced ROS production and inhibition of the toxic M1 phenotype. We demonstrate here
that treatment with HTS01037 attenuates PA-induced ROS production in microglia, and this
effect is negated when UCP2, a known suppressor of ROS production, is knocked down (Fig
6). To the best of our knowledge, we are the first to describe a FABP4-UCP2 axis regulating
ROS and inflammation in microglia. Mitochondrial ROS production is a key driver in the
pro-inflammatory response (Naik and Dixit, 2011). When UCP2 deficient macrophages are
stimulated with lipopolysaccharide (LPS), ROS production and pro-inflammatory cytokine
release is upregulated (Bai et al., 2005; Emre et al., 2007). In microglia, LPS induces the
reduction of UCP2, causing mitochondrial depolarization and increased ROS production (De
Simone et al., 2015). Moreover, UCP2-silenced microglia fail to transition to an M2
activation state (De Simone et al., 2015). Collectively these findings support that UCP2 is
necessary for activation of the M2 protective microglial phenotype. These observations
demonstrate UCP2 is an important regulator between the FABP-free fatty acids (FFA)
equilibrium and inflammation, which to our knowledge has not been previously described.

FABP4 is expressed in multiple tissues including heart and Kidney but the protein itself is
only detectable in adipose tissue, peripheral macrophages and microglia (Furuhashi and
Hotamisligil, 2008; Hotamisligil and Bernlohr, 2015). Besides FABP4, other FABPs are also
expressed in the brain. FABP7 is necessary for brain development, and FABP5 (mall) is
essential in transporting fatty acids across the blood brain barrier (Furuhashi and
Hotamisligil, 2008; Pan et al., 2015). Although knocking out FABP5 peripherally results in
attenuated diet-induced obesity, the effects are not as robust as in FABP4 knockout models
(Hotamisligil and Bernlohr, 2015). Despite the role of other FABPs in the brain, peripheral
evidence indicates the lack of FABP4 alters the pool of free fatty acids, specifically,
monounsaturated fatty acids (Xu et al., 2015). Monounsaturated fatty acids are ligands for
receptors including peroxisome proliferator-activated receptor gamma (PPAR-y), which
opposes NFxB activity. Interestingly, PPAR-y antagonists are neuroprotective in models of
neurodegenerative diseases such as AD and PD, through a microglial-mediated mechanism
(Garrido-Gil et al., 2012; Yamanaka et al., 2012). Although not tested in the present study,
upregulation of PPAR~y could be a potential pathway though which the FABP-FFA
equilibrium regulates the anti-inflammatory state of microglia. In summary, these data
support a role for FABP4-UCP2 axis as a regulator of microglial activation states.
Understanding the role of FABP and UCP2 in modulating microglial activation state may
provide therapeutic targets for prevention or treatment of neurodegenerative diseases
including obesity.
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Highlights
. FABP4 regulates UCP2 expression in microglia.
. UCP2 opposes PA-induced upregulation of pro-inflammatory marker iNOS.
. UCP2 mediates expression of the anti-inflammatory marker arginase-1.

. Lack of hypothalamic FABP4 increases UCP2 and reduces microglial
inflammation.
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Figure 1. Microglial cells express FABP4 and FABP5 but not FABP7. A
Fatty acid binding protein is expressed in both whole brain (WB) and microglial cells. A

visualization of real-time PCR products on agarose gel electrophoresis to evaluate gene
expression. Gene product of 174 bp was expected for FABP4. B. FABPS5 is expressed in both
WB and BV2 microglial cells. Gene product of 168 bp was expected for FABP5. C. FABP7
is expressed in WB but not BV2 microglial cells. Gene product of 131 bp was expected for
FABP7. L, ladder, B, water blank.
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Figure 2. Hypothalamic gene expression is altered in FABP4/aP2 knockout animals
UCP2 and Iba-1 expression is upregulated in FABP4/aP2 knockout mice (A, D; p<0.05 vs.

WT). Pro-inflammatory genes iNOS and TNF-a trend to be suppressed in FABP4/aP2
knockout mice (B-C). Letters indicate significant differences between treatment groups.
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Figure 3. FABP abundance regulates UCP2 expression in microglia
UCP2 expression is significantly upregulated following HTS01037 treatment in the presence

or absence of PA in BV2 microglia. (p<0.0001 C vs. HTS, p<0.001 C vs. HTS+PA, p<0.001
PA vs. HTS, 0.05 PA vs. HTS+PA). Letters indicate significant differences between
treatment groups.
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Figure 4. UCP2 is needed to oppose PA-induced upregulation of pro-inflammatory marker iNOS
Pretreatment with HTS01037 attenuates PA-induced iNOS expression in BV2 microglia

(p<0.001 PA vs. C, HTS, HTS+PA). In UCP2kd microglia, PA increases iNOS expression,
however, HTS01037 is no longer able to attenuate PA-induced iNOS upregulation (p<0.05 C
vs. HTS+PA, p<0.001 C vs. HTS, p<0.0001 C vs. PA, p<0.0001 PA vs. HTS, HTS+PA).
Letters indicate significant differences between treatment groups.
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Figure 5. UCP2 mediates anti-inflammatory marker arginase-1
Pretreatment with HTS01037 in the presence or absence of PA robustly increases Arginase

expression (p<0.0001 C vs HTS, p<0.0001 PA vs. HTS, p<0.05 PA vs. HTS+PA). In
UCP2kd cells arginase-1 is no longer upregulated following HTS01037 treatment (p<0.0001
C vs. HTS, PA, and HTS+PA). Letters indicate significant differences between treatment

groups.
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Figure 6. UCP2 effect on ROS production in microglia
BV?2 cells exposed to PA significantly increases ROS production (p<0.0001 PA vs. C),

however treatment with HTS01037 attenuates PA induced ROS production (p<0.001 vs.
HTS and HTS+PA). In UCP2kd cells, PA increases ROS in the presence or absence of
HTS01037 (p<0.0001 PA vs. C, p<0.001 HTS+PA vs. C). Letters indicate significant
differences between treatment groups.
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Real-time gPCR primer sequences

Table 1

Target Forward primer (5”-3") Reverse primer (5°-3")

Arginase | TAACCTTGGCTTGCTTCGGAAC TCTGTCTGCTTTGCTGTGATGC
Gapadh GACATCAAGAAGGTGGTGAAGCAG | AAGGTGGAAGAATGGGAGTTGC

Ibal GTCCTTGAAGCGAATGCTGG CATTCTCAAGATGGCAGATC

iNos CCTACCAAAGTGACCTGAAAGAGG | TTCTGGAACATTCTGTGCTGTCCC
Tnf-a AACACAAGATGCTGGGACAGTGAC | TGGAAAGGTCTGAAGGTAGGAAGGC
Ucp2 TCGGAGATACCAGAGCACTGTCG GCATTTCGGGCAACATTGG

Fabp4 ATGAAATCACCGCAGACGACA CATAAACTCTTGTGGAAGTCACGCC
Fabp7 TGGCAAGATGGTCGTGACTC CCAGTGCTTCATTAGCTGGC

Fabp5 TCCCACCATGGCCAGTCTTA ACCGTGATGTTGTTGCCATC
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