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Abstract

The functions of SIRT7 in the maintenance of neural stem cells

and the regulation of the somatotroph axis

by
Rika Ohkubo

Doctor of Philosophy in Metabolic Biology
University of California, Berkeley

Professor Danica Chen, Chair

SIRT7 is a histone deacetylase that represses the expression of ribosomal proteins and
mitochondrial ribosomal proteins to regulate the unfolded protein responses in the ER
(UPRER) and the mitochondria (UPR™). At the organismal level, SIRT7 deficiency results in
the development of fatty livers and compromised maintenance of hematopoietic stem cells.
Using a SIRT7 knockout mouse model, I found that SIRT7 deficiency also leads to reduced
number of neural stem cells and reduced neurogenesis, suggesting that the role of SIRT7 in
stem cell maintenance is conserved across tissues. I also revealed hepatic gene expression
changes and metabolic characterization of SIRT7 knockout mice that are consistent with the
repression of the somatotroph axis, uncovering a physiological response to loss of
proteostasis.
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Chapterl. Introduction

Partl: An overview of neurogenesis during physiological aging, neural stem maintenance
and age-associated cognitive dysfunctions

The increase in neurodegenerative diseases along with the increase in elderly population is
emerging as a major concern. It is well known that the susceptibility of neurodegenerative
diseases increases with age and is affected by genetic and environmental factors. The hallmarks
of brain aging include increased oxidative stress, metabolic impairment, DNA damage,
apoptosis, etc, all of which can exacerbate the development of neurodegenerative diseases [7].
Therefore, it is important to find interventions that slow the aging process to prevent age-
associated cognitive dysfunctions and neurodegenerative diseases. It is well known that
neurogenesis decreases with age and enhancing neurogenesis through exercise, caloric restriction
or other interventions is beneficial to cognitive functions [8][9][10]. There are several
hypotheses about decreased neurogenesis with age: increased quiescence of NSCs, depletion of
neurogenesis due to the decreased NSC pool, depletion of neurogenesis due to the fate change
and/or the increased neuronal death [10]. However, whether adult neurogenesis persists in
rodents, non-human primates and humans are still under debate [11][12][13]. In this part, I
review the function of NSC and the relationship between decreased neurogenesis and age-
associated cognitive dysfunctions.

Adult neurogenesis in the mammalian brain and its function

It has been reported that adult neurogenesis occurs in only two regions in the mammalian brains:
the subventricular zone (SVZ) of the lateral ventricles [14][15][16] and the subgranular zone
(SGZ) of the dentate gyrus of the hippocampal formation [17][14].

NSCs and neural stem cell progenitor cells (NSPCs) from the SVZ migrate into the rostral
migratory stream (RMS) to provide interneurons destinated for the olfactory bulb (OB)
[18][19][20] and neurogenesis in the OB may be important for sensory discrimination. However,
the debate on whether neurogenesis in the OB exists in the human brains is still ongoing [21] and
the functions of neurogenesis in the OB remain unclear. In addition to neurogenesis in the OB,
NSCs from the SVZ can migrate into lesions and differentiate into interneurons, astrocytes and
oligodendrocytes [22][23][24][25]. These findings indicate that NSCs in the SVZ play a vital
role in brain regeneration after injuries.

Newborn cells from the SGZ migrate into the granular layer of the dentate gyrus (DG) in the
hippocampus, where most of them become excitatory granule cells, whose axons form the mossy
fibers that link the DG to CA3 [26]. Adult neurogenesis in the hippocampus has attracted
significant attention because the new neurons in the hippocampus may be beneficial to cognitive
functions by increased plasticity and/or improved the connectivity with other neurons [27][28].
Exercise and caloric restriction are well known regimens to enhance neurogenesis in the DG and



improve cognitive functions [29][30]. NSC transplantation and infusions of young plasma can be
also potential treatments for age-associated memory impairment and other neurodegenerative
diseases such as Alzheimer’s disease and Parkinson’s disease [31][32][33]. Therefore, it will
give us a great advantage to fully understand the mechanisms how the adult neurogenesis in the
DG is regulated, and it will be therapeutically beneficial to find ways to manipulate the rate of
adult neurogenesis.

The functions of NSCs

NSCs both in the SVZ and the SGZ have the capacity to self-renew and provide multiple neural
lineages, including neurons, astrocytes and oligodendrocytes [34]. Although NSCs in the SVZ
and the SGZ share some common characteristics and immunohistochemical markers, they also
have different properties and markers due to the difference of their regional localizations in the
brain.

In the SVZ, quiescent NSCs (quiescent Type B1 cells) express GLAST, GFAP, CD133 and
Sox2. Once they are activated (active Type B1 cells), they start to express Nestin, EGFR and
ASCLI. BI cells can further give rise to neuroblasts (Type A cells) through transient amplifying
cells (Type C cells). C cells still express EGFR and ASCL1 but do not express GFAP, GLAST
CD133 or Nestin. On the other hand, A cells express doublecortin (Dcx) and eventually they
become neurons [35][36][37].

In the SGZ, NSCs (Radial glia-like cells) express GFAP, Nestin, Sox2, and Ascll, and have
astrocytic features. Radial glia-like cells are generally quiescent, but they can provide astrocytes
or neurons via more proliferating intermediate progenitor cells (IPCs), which are committed to
the neuronal fate. IPCs lose GFAP, Nestin and Sox2 expressions and start to express the T-box
brain protein 2 (Tbr2/Eomes) and Ki67. IPCs give rise to neuroblasts, which express Dcx and
eventually mature into functional Prox1-positive dentate granule neurons [38].

In vitro, NSCs from both the SVZ and the SGZ can be cultured and generate neurospheres. The
neurospheres can be expanded under serum-free medium supplemented with pleiotropic growth
factors such as epidermal growth factor (EGF) and basic fibroblast growth factor (FGF2) without
losing their self-renewal potential and multipotency [39]. Interestingly when pleiotropic growth
factors are removed and serum is added to the medium, the neurospheres can differentiate into
neurons, astrocytes and oligodendrocytes [40]. Therefore, the cellular components of NSC niches
and the factors the niche cells provide such as cytokines and growth factors seem to affect the
self-renewal potential and the fate of differentiation of NSCs.

The maintenance and regulation of neural stem cells

The self-renewal and the differentiation fate of NSCs are regulated by extrinsic factors such as
neurotransmitters, signaling pathways, growth factors and neurotrophic factors, and intrinsic
factors such as transcriptional factors, microRNA and epigenetic regulation [41]. Here I will



focus on the roles of two important signaling pathways, Notch signaling pathway and Wnt
signaling pathway, and the functions of growth factor/cytokine.

Notch signaling pathway

Notch signaling pathway is one of the most famous intracellular signaling pathway and
important for multiple cell differentiation processes during embryonic and adult life [42], the
normal development of the nervous system [43][44], and also the regulation of HSCs
[45][46][47]. Once a ligand from the adjacent cell binds to an extracellular Notch receptor, y-
secretase cleaves the NICD portion of the Notch receptor. The cleaved NICD is transported into
the nucleus and activates the transcription of Notch target genes. Mammals have four Notch
paralogues (Notch1-4), three Delta-like ligands (DLL1, DLL3 and DLL4) and two Jagged
ligands (JAG1 and JAG2) [48]. Notch signaling pathway is particularly important for the self-
renewal of NSCs and the maintenance of undifferentiated NSCs. It has been shown that Notch
signaling pathway is required for the long-term maintenance of NSCs and the inhibition of Notch
signaling pathway causes the premature neural differentiation and the depletion of NSCs
[49][50]. In addition to the maintenance of NSCs, Notch signaling pathway plays a role in the
determination of NSC cell fate. It is known that Notch signaling pathway promotes gliogenesis
and inhibits neurogenesis by inhibiting the expressions of proneural genes such as Mash1 and
Ngnl [51][52]. These findings indicate the requirement of Notch signaling for the maintenance
of NSCs and the proper control of NCS cell fate decisions.

Wnt signaling pathway

Wnt signaling pathway is important for the regulation of embryonic development and tissue
homeostasis. Wnt signaling pathway consists of two pathways: a canonical pathway (Wnt/f-
catenin) and a non-canonical pathway (B-catenin independent pathway). Wnt proteins are
secreted glycosylated proteins and bind to the Frizzled (Fz) receptor family. In the canonical
pathway, when Wnt is not bound to the Fz receptor, cytoplasmic -catenin forms a complex with
APC, Axin, CKI and GSK3. B-catenin is phosphorylated by CKI followed by GSK3 and the
phosphorylated -catenin is ubiquitinated by the E3 ubiquitin ligase B-Trcp, which targets f3-
catenin for proteosomal degradation. In the presence of Wnt, Wnt binds to the Fz and its co-
receptor lipoprotein receptor-related protein (LRP) 5/6, which promotes the recruitment of Dvl
and Axin. This prevents B-catenin from proteosomal degradation. The accumulated B-catenin in
cytosol is translocated into the nucleus, where it works as a co-activator for TCF to activate Wnt
responsive genes [53][54][55]. In the non-canonical pathway, the pathway is independent of p-
catenin. In the non-canonical pathway, Wnt stimulates small GTPases of the Rho family to
control tissue polarity, cytoskeletal reorganization and cell movement, or acts via heterotrimeric
G proteins to control Ca2+ signaling [56]. A numerous number of Wnt lignd knockout mouse
models are available. Their phonotypes vary one from another but most of them show impaired
neurogenesis [57]. These mouse models clearly show the importance of Wnt signaling pathway
in neurogenesis, and it has been suggested that both the canonical and non-canonical signaling
pathways have multiple roles during developmental stages to adult neurogenesis [58]. Wnt-3a, a
canonical Wnt ligand, is a key regulator of adult neurogenesis and overexpression of Wnt-3a is
sufficient to increase neurogenesis in the hippocampus [59]. Wnt-3a is secreted by astrocytes and



the number of Wnt-3a secreting astrocytes declines during aging [60], which may cause
decreased neurogenesis with age. On the other hand, Wnt-5a and Wnt-7a, which are non-
canonical Wnt ligands, regulate the morphology of dendric spines. Wnt-5a increases dendric
spine morphogenesis [61] and Wnt-7a similarly increases the density and maturity of dendric
spines [62]. These findings indicate that Wnt signaling has to be properly controlled for the
normal development of the nerve system and the maintenance of adult neurogenesis.

Growth factor/Cyvtokine

FGFs and EGF are known to act as mitogens for NSCs in vivo and in vitro, and these growth
factors are important to maintain the self-renewal and multilineage potential of NSCs [63][64]. It
is also suggested that IGF-1 involves in the maintenance of NSCs working with FGFs and EGF
[65]. In respect of cell fate determination and cell differentiation, bone morphogenetic proteins
(BMPs) are regarded as critical regulators. BMPs promote the differentiation of NSCs into
astrocytes and prevent them from differentiating into oligodendrocytes [66][67]. Additionally,
Interleukin (IL)-6 acts for astrocyte differentiation in synergy with BMPs [68]. On the other
hand, Brain-derived neurotrophic factor (BDNF) is known to promote neurogenesis [69][70][71].

Impaired neurogenesis during aging

It is well known that neurogenesis decreases with age, which may cause cognitive dysfunctions.
There are mainly four potential causes of decreased neurogenesis during aging: 1) Depletion of
NSC pool 2) increased quiescent NSCs and decreased proliferation of NSPCs 3) cell fate change,
and 4) increased death of newborn neurons [10]. A lot of studies showed that the number of
Nestin and Sox2+ NSPCs in the hippocampus greatly decreases with age [72][73], and the
decreased number of NSPCs causes overall reduction in the rate of neurogenesis. In addition to
the decreased number of NSCs, the decreased neurogenesis is accelerated by the increased
gNSCs and the decreased proliferation of NSPCs [74]. Little is known about the mechanisms
underlying the activation of NSCs and the reasons that the activation of NSCs becomes less with
age. Protein aggregation in NSCs and the inflammatory microenvironment have been postulated
as causes of NSC inactivation. A previous study showed that active NSCs had active proteasome,
while quiescent NSCs had protein accumulation and enlarged lysosome, and quiescent NSCs in
aged mice showed defects in the lysosome [75]. The enhancement of aggregated protein
clearance through the lysosome pathway in aged quiescent NSCs ameliorates the ability of
quiescent NSCs to be activated. Not only the cell autonomous changes with age, the change of
microenvironment with age also has to be considered because the microenvironment greatly
changes during aging and becomes more inflammatory [76]. There are many researches that
showed direct or indirect effects of inflammation on neurogenesis and the blockade of
inflammation can improve decreased neurogenesis with age [77][72][78]. Inflammation also
affects both the fate of NSCs and the survival of newborn neurons [79]. For example, IL-1f3, a
pro-inflammatory cytokine, preferentially shifts the fate of NSPCs toward astrocytes [80]. On the
other hand, LPS, a potent activator of microglia, decreases the survival of cells differentiated
from NSCs in vitro, which decreases neurogenesis [81]. Taken together, interventions which
relieve inflammation in the brain such as caloric restriction and metformin treatment, seem
attractive ways to improve age-associated cognitive dysfunctions. However, it is still valuable to



pursue the mechanisms how NSC activation, proliferation and differentiation are regulated more
deeply to expand the potential therapeutic regimens to maintain brain health during aging.
Obviously, the balance between active NSCs and quiescent NSCs has to be properly maintained
to prevent the early depletion of NSCs as well as their differentiation fates to prevent brain
cancers including astrocytomas and oligodendrogliomas.



Part2: An overview of the regulation of GH/IGF-1 signaling pathway during physiological
aging

Physiologically, the GH/IGF-1 signaling is known to promote growth and the suppression of
GH/IGF-1 signaling has been observed in aged animals and progeroid [5][6]. On the other hand,
attenuated GH/IGF-1 signaling has been shown to extend lifespan in worms, flies and mice [82].
Therefore, it is likely that the suppression of GH/IGF-1 signaling works as a protection against a
variety of stress and damages during aging. However, the mechanism of age-associated
suppression of GH/IGF-1 signaling is largely unknown. In this part, I review the roles of
GH/IGF-1 signaling in lifespan and the potential causes of the decreased GH/IGF-1 signaling
pathway.

The roles of GH signaling pathway against aging and stress

GH is a peptide hormone secreted from the anterior pituitary gland and acts on many tissues.
Throughout the life, GH stimulates protein production, promotes the utilization of fat, inhibits
the action of insulin, and raises blood glucose level. GH also raises the level of IGF-1. During
childhood and adolescence, GH is particularly important for the growth of bones and cartilage
[83]. The secretion of GH peaks during puberty and its secretion gradually declines with age
after the puberty. It has been shown that GH or GH receptor (GHR) deficient mice have an
extended lifespan [84]. Not only aging, a variety of stress also suppress the GH secretion. Under
stressed conditions, the shift of the metabolism to a catabolic state from an anabolic state
happens to cope with the stress by exerting available energy resources [85]. This shift causes the
decreased secretion of GH by cortisol and the inhibition of GH by glucocorticoids. Since the
suppression of GH leads to enhanced insulin sensitivity, increased utilization of lipids and
decreased inflammation [83], the suppression of GH signaling pathway may be an attractive
approach to treat or prevent aging associated diseases such as cancers and diabetes.

The roles of IGF-1 signaling pathway against aging and stress

Similar to GH, the level of IGF-1 decreases with age and under the stressed conditions since
IGF-1 secretion is positively regulated by GH [86]. IGF-1 is a peptide hormone mainly produced
in the liver. The main functions of IGF-1 are the promotion of muscle, bone and tissue growth,
and the regulation of blood glucose level [87]. In contrast to the functions of GH, IGF-1 lowers
the blood glucose level by controlling carbohydrate metabolism and glycogen synthesis [88].
Caloric restriction is known to suppress IGF-1 and insulin levels, which leads to increased
insulin sensitivity, enhanced resistant to stress and reduced cancer risks [89]. Although it has
been shown that the downregulation of IGF-1 signaling pathway causes the extension of lifespan
from worms to mice [82], the effects in human still remain unclear [90][91]. Recently a study has
suggested that the low circulating IGF-1level can be used to predict life expectancies in humans
with exceptional longevity [92], and it seems the inhibition of IGF-1 signaling pathway attracts
more and more attention as a therapeutic use. However, the low IGF-1level can bring negative
impacts on the maintenance of bone mass, muscle mass and brain functions [93][94]. Therefore,
we still do not know whether the inhibition of IGF-1 signaling pathway is beneficial to humans.



What we can say with confidence is that we should maintain the optimal level of IGF-1
throughout life but not excessively low or high IGF-1 levels.



Chapter 2. Neural stem cell maintenance by SIRT7

Introduction

The silent information regulator (SIR) genes (Sirtuins), the mammalian homologs of the yeast
Sir2, comprise a highly conserved family of proteins, with one or more sirtuins present in
virtually all species from bacteria to mammals. In mammals, seven Sirtuin genes (SIRT1-SIRT7)
have been identified. From the fact that the enzymatic reaction catalyzed by Sirtuins requires
NAD+ as a substrate, we can speculate that sirtuins are heavily involved in cellular metabolic
pathways.

Our lab has previously demonstrated that SIRT7 interacts with nuclear respiratory factor 1
(NRF1), a master regulator of mitochondria, at the proximal promoters of mitochondrial
ribosomal proteins (mRPs) and mitochondrial translation factors (mTFs), and suppresses
mitochondrial activity and proliferation in HSCs [3]. To prevent the depletion of HSCs, it is
important to precisely regulate the activation of HSCs. The study has demonstrated that SIRT?7
inactivation causes reduced quiescence in HSCs and increased mitochondrial protein folding
stress. Also, it has been demonstrated that the expression of SIRT7 decreases in HSCs from old
mice compare to young mice. From this study, it is clear that SIRT7 plays a vital role in
regulating the HSC homeostasis and controlling the mitochondrial activity in HSCs. Numerous
diseases are associated with mitochondrial dysfunction and failure of protein folding such as
spastic paraplegia, Parkinson’s disease, Friedreich’s ataxia and cancer. Therefore, it would be
interesting to investigate if SIRT7 is also critical in the regulation of mitochondrial biogenesis in
NSCs and the maintenance of NSCs.

Here, we show that the knockout of SIRT7 caused cognitive impairment in young mice
compared to wild-type mice (WT) and the overexpression of SIRT7 in the DGs of aged mice
improved cognitive functions by enhancing neurogenesis. This study will shed light on the new
roles of SIRT7 in the brain and provide a better understating of the maintenance of NSC
homeostasis.



Results
IRT ficient mice have a rea 1 size and neurogenesi

To investigate whether the deficiency of SIRT7 in the brain causes adverse effects on the
functions of NSCs, we checked the proliferation of NSCs, the number of NSPCs and the number
of newborn neurons. Interestingly, we found that the proliferation of NSCs greatly decreased in
the brains of SIRT7 KO mice compared to WT control mice by 1-day BrdU staining (Fig.1A and
1B). Sox2 staining and 4-weeks BrdU staining showed the decreased proliferation and/or
decreased survival of NSPCs (Fig.1C), the decreased number of NSPCs (Fig. 1D) and the
decrease of overall neurogenesis in SIRT7 KO mice (Fig. 1E). These data suggest that SIRT7
KO mice have less activated NSPCs than WT control mice, which causes decreased
neurogenesis. Taken together, SIRT7 plays important roles in the maintenance of NSPC pool and
the regulation of NSPC proliferation.

IRT ficient mi h atial memor lin

Decreased neurogenesis is often correlated with cognitive impairment [32]. Therefore, we
decided to investigate whether SIRT7 KO mice have impaired cognitive function compared to
WT control mice using Morris Water Maze (MWM). MWM is a behavioral procedure widely
used to assess spatial memory [95]. SIRT7 KO mice showed slower spatial learning and higher
cumulative search error (CSE) than WT control mice (Fig. 2A, 2B). We conducted a probe test
to assess reference memory 24 hours after the 5-days training. Interestingly, SIRT7 KO mice
spent more time to reach the place where the platform was located during the training period
compared to WT control mice in 24hr probe test (Fig. 2D) and did not show preference to the
target quadrant while WT control mice showed the preference (Fig. 2F). Additionally, the
proximity of SIRT7 KO mice to the platform was not as close as the proximity of WT control
mice (Fig.2H). SIRT7 KO mice crossed the previous platform location (Fig. 2G), indicating that
SIRT7 KO mice showed weaker spatial reference memory than WT control but SIRT7 KO mice
still retained the spatial reference memory 24 hours after the training. During the 5-days training
and the probe test, there was no difference in the swim speed between WT control and SIRT?7
KO mice (Fig. 2C and 2E). Taken together, these data showed that SIRT7 deficiency causes the
impairment of spatial memory learning and retention.

Discussio

In this study, we uncovered the new roles of SIRT7 in NSCs and demonstrated that SIRT7 is
involved in the maintenance of NSC homeostasis. Interestingly we revealed that the deletion of
SIRT?7 in the brain causes the decreased neurogenesis due to the decreased number of NSPCs
and the decreased NSPC proliferation. From these findings, we can assume that SIRT7 is
essential to activate NSCs and let them enter the cell cycle and proliferate. The loss of SIRT7
leads to increased ER stress [4] in the liver and mitochondria stress [3] in HSCs, and both stress
can inhibit protein translation. It remains unclear how SIRT7 controls the activation and the
proliferation of NSCs, but the suppression of protein translation due to the increased ER stress
and mitochondria stress may be the causes of the decreased activation and proliferation of NSCs.
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SIRT7 KO mice showed worse spatial memory than WT control mice in MWM, which can be
explained by the decreased neurogenesis in SIRT7 KO mice.

Caloric restriction is known to activate sirtuins and an attractive regiment to give great health
benefits including improved cognitive functions [9]. We have not tested whether improved
cognitive functions by caloric restriction depends on the roles of SIRT7. However, the results we
showed in this research indicates the beneficial effects of caloric restriction on the cognitive
functions may be partially through the activation of SIRT?7.

The mechanism how SIRT7 regulates NSC homeostasis remains unclear and has to be
uncovered. Fully understanding the function of SIRT7 in NSCs will give great insights to
develop noble therapeutic methods to combat age-associated cognitive dysfunction and
neurodegenerative diseases.
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Figure 1. SIRT7 regulates the proliferation of NSCs and the loss of SIRT7 causes the decreased
neurogenesis.

(A) 1-day BrdU experiment showing the decreased proliferation of NSPCs in SIRT7 KO
mice compared to WT control mice.

(B) Quantification of the number of BrdU in 1-day BrdU experiment.

(C) Quantification of the number of BrdU positive cells in DG in 4 weeks BrdU experiment
showing the decreased proliferating NSPCs in SIRT7 KO mice compared to WT control
mice.

(D) Quantification of the number of Sox2 positive cells in DG showing the decreased
number of NSPCs in SIRT7 KO mice compared to WT control mice.

(E) Quantification of the number of BrdU/NeuN double positive cells in DG in 4 weeks
BrdU experiment showing the decreased neurogenesis in SIRT7 KO mice compared to
WT control mice.
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Figure 2. MWM showed the deletion of SIRT7 causes the impairment of spatial memory.
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Latency to reach the platform during the 5-days training showing slower spatial learning
in SIRT7 KO mice than WT control mice.

CSE to reach the platform during the 5-days training showing slower spatial learning in
SIRT7 KO mice than WT control mice.

Swim speed during the 5-days training.

Latency to reach the platform during the 24hr probe showing weaker spatial reference
memory in SIRT7 KO mice than WT control mice.

Swim speed during the 24hr probe.

Preference in the target quadrant during the first 30 seconds of the 24hr probe showing
the weaker spatial reference memory in SIRT7 KO mice than WT control mice.

The number of crossing of the platform location during the first 30 seconds of the 24hr
probe.

Proximity to the platform location during the 24hr probe.
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Chapter3. The role of SIRT7 in the regulation of GH/IGF-1 signaling pathway through
proteostasis

Introduction

It has been known that the GH/IGF-1 signaling pathway is downregulated by aging and a variety
of stress, which suggests that the downregulation of GH/IGF-1 signaling pathway works as a
protective program by switching from growth and proliferation to the protection and
maintenance of tissues [91]. Although some studies showed that DNA damage causes the
suppression of the GH/IGF-1 signaling pathway [6][96], it is not clear whether other kinds of
stress can also cause the suppression of the GH/IGF-1 signaling pathway such as endoplasmic
reticulum (ER) stress.

SIRT7 is highly expressed in the liver and our previous study found that SIRT7 binds to the
transcription factor Myc, which is a master regulator of protein translation, and alleviates ER
stress by suppressing Myc-dependent protein translation [4]. Importantly, SIRT7-deficient mice
develop hepatosteatosis resembling human fatty liver disease induced by ER stress, and SIRT7
can attenuate high-fat diet-induced ER stress and the development of fatty liver disease in mice.

It has been shown that the total levels of ER proteins, including protein chaperones and folding
enzymes decrease with age [97]. Compromised proper protein folding and the adaptive response
of the UPR lead to the accumulation and the aggregation of misfolded proteins, which eventually
causes ER stress. Some aging associated diseases including Alzheimer’s diseases and
Parkinson’s disease can be explained by the failure of protein homeostasis and the increased ER
stress with age.

In this study, we conducted Affymetrix microarray analysis to determine the gene expression
changes in the liver caused by SIRT7 deletion. Interestingly, we found that the loss of SIRT7
causes the downregulation of the GH/IGF-1 signaling pathway through the activation of ER
stress and this downregulation of the GH/IGF-1 signaling pathway can be partially reversed by
the knockdown of Myc or ATF3, a member of the CREB family of basic leucine zipper
transcription factors. These data indicate that ER stress causes the suppression of the GH/IGF-1
signaling pathway. Additionally, this study supports the idea that the suppression of the GH/IGF-
1 signaling pathway works for cellular protection and may be beneficial to patients with aging
associated diseases.
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Results

Analvsis of a microarrav experiment sh that the GH/IGF-1 signaling pathwav wa
reculat the 1 f SIRT

To investigate the changes of gene expression by the deletion of SIRT7 in the mouse liver, we
conducted Affymetrix microarray. The microarray analysis revealed 983 genes with significant
changed expression in SIRT7 KO livers compared to the WT control livers (Benjamini-
Hochberg FDR of 15%; Table 1). Among the differentially expressed genes, 440 genes were
upregulated, and 543 genes were downregulated in the livers of SIRT7 KO mice. Gene ontology
analysis revealed changes in inflammatory response, immune response and protein metabolism,
which is consistent with the phenotype of SIRT7 KO mice [3][4][98].

Interestingly, we found that several genes related to the GH/IGF-1 signaling pathway were
differentially expressed in SIRT7 KO livers compared to WT control livers including IGF
binding proteins (IGFBPs), and receptors for growth hormones and growth factors (Table. 2).
These gene expression changes were confirmed by qPCR (Figure. 3A-F). IGFBPs serve as
carrier proteins for IGF-1. It is known that IGFBP1 is negatively and IGFBP3 is positively
correlated with the IGF-1 level [99]. Therefore, the upregulation of IGFBP1 and the
downregulation of IGFBP3 in the livers of SIRT7 KO mice indicate the decreased IGF-1 level in
SIRT7 KO mice. Similarly, the downregulations of GhR, Epidermal Growth Factor Receptor
(EGFR) and Fibroblast Growth Factor 1(FGF1) suggest that a variety of signaling pathways
related to growth are suppressed in SIRT7 KO mice. These gene expression changes can explain
the post-natal growth retardation of SIRT7 KO mice compared to the WT control mice [4][100].

To further confirm that the GH/IGF-1 signaling pathway is downregulated in the livers of SIRT7
KO mice, we measured the plasma IGF-1 level (Figure. 3G). Strickingly, SIRT7 KO mice had a
significantly lower plasma IGF-1 level. Taken together, these data support that the GH/IGF-1
signaling pathway is downregulated by the loss of SIRT7.

The 1 f proteostasi th letion of SIRT7 in th reculation of the GH/IGF-1
signaling pathway

We investigated whether ER stress affects the activities of the GH/IGF-1 signaling pathway.
SIRT7 is essential for the maintenance of proteostasis by inhibiting Myc and the loss of SIRT7
induces ER stress [4]. The increased ER stress in the liver of SIRT7 KO mice was confirmed by
the increased phosphorylation level of elF2a, and the suppressed insulin signaling pathway was
confirmed by the decreased phosphorylation level of Akt (Fig. 4A). The increased ER stress
were partially rescued by Myc knockdown (Fig. 4A). Intriguingly, Myc knockdown reversed the
changes in gene expressions related to the GH/IGF-1 signaling pathway caused by the deletion of
SIRT7 (Fig. 4B-F), which suggests the relief of ER stress reactivates the GH/IGF-1 signaling
pathway. The reactivation of the GH/IGF-1 signaling pathway was additionally confirmed by the
increased plasma IGF-1 level by Myc knockdown (Fig. 4G). The reactivation of the GH/IGF-1
signaling pathway by Myc knockdown indicates that the loss of proteostasis may suppress the
GH/IGF-1 signaling pathway.
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ATE3 expression in ER str isturbs the GH/IGF-1 sicnaling pathwa

Finally, we explored the mechanism which disturbs the regulation of the GH/IGF-1 signaling
pathway upon ER stress. Several transcription factors which belong to ATF/CREB family are
known to be activated by ER stress and mitochondrial stress [101][102]. ATF4 and ATF6
induces gene expressions involved in amino acid metabolism and the resistance to oxidative
stress upon ER stress [103]. On the other hand, ATFS5 relieves mitochondrial stress [104]. We
found that ATF3 was upregulated in the livers of SIRT7 KO mice compared to WT control mice
from the microarray analysis (Table 1). Similar to ATF4 and ATFS5, ATF3 is also induced by ER
stress and causes cell apoptosis [105]. We further investigated what genes are targeted by theses
ATF proteins using Harmonizome web portal, which is a collection of processed datasets to mine
information related to genes and proteins. Interestingly, ChIP sequencing data revealed that
ATEF3 binds to the promotor or the enhancer regions of a number of IGF-related genes (Table.3).
In contrast, ATF4, ATF5, or ATF6 does not bind to the promotor or the enhancer regions of the
IGF-related genes. Therefore, we decided to focus on the role of ATF3. The upregulation of
ATEF3 in the livers of SIRT7 KO mice was confirmed by qPCR and the expression of ATF3 was
reversed by Myc knockdown and ATF3 knockdown (Fig. 5A). The gene expressions of some
genes related to the GH/IGF-1 signaling pathway were reversed by hepatic ATF3 knockdown
(Fig. 5B-E). To further validate that the inactivation of ATF3 can reactivate the downregulated
GH/IGF-1 signaling pathway by the deletion of SIRT7, we measured the plasma IGF-1 level and
the phosphorylation level of Akt. Intriguingly, the inactivation of ATF3 increased the plasma
IGF-1 level (Fig. 5F) and the phosphorylation level of Akt in the livers of SIRT7 KO mice (Fig.
5G). Taken together, these data indicate that ATF3 inactivation can restore the normal GH/IGF-1
signaling.

Discussio

We found that the loss of SIRT7 causes the dysregulation of the GH/IGF-1 signaling pathway.
The GH/IGF-1 signaling pathway declines with age [6] as well as with some stress such DNA
damage [96]. In this research, we first showed that ER stress causes the downregulation of the
GH/IGF-1 signaling pathway, and the GH/IGF-1 signaling pathway can be reactivated by the
relief of ER stress vis the suppression of Myc or ATF3 in SIRT7 KO mice. ATF3 is a
transcription factor which is activated by ER stress and is known to promotes apoptosis [105].
We revealed that ATF3 binds to the promotor or the enhancer regions of a number of IGF-related
genes using ChIP sequencing data in Harmonizome web portal, which supports the idea that
ATEF3 is an important regulator of the GH/IGF-1 signaling pathway upon ER stress. Collectively,
these results indicate that the suppression of the GH/IGF-1 signaling pathway works as a
protective response to cellular stress. Our findings reinforce the potential use of the suppression
of the GH/IGF-1 pathway to treat progeroid disorders and aging-associated diseases.
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Figure 3. The deletion of SIRT7 in the liver causes the suppression of the GH/IGF-1 signaling
pathway.

(A) — (F) Quantification of gene expression changed related to the GH/IGF-1 signaling
pathway in the livers of SIRT7 KO mice compared to in the livers of WT control mice
by qPCR showing the suppression of the GH/IGF-1 signaling pathway in the livers of
SIRT7 KO mice

(G) Quantification of plasma IGF-1 levels by ELISA showing the lower plasma IGF-1 level
in SIRT7 KO mice than WT control mice.
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Fig 4. The accumulation of DNA damage and the loss of proteostasis by the deletion of SIRT7
suppress the GH/IGF-1 signaling pathway.

(A) Western analysis showing the inhibition of Myc relieves ER stresses and reverses the
suppression of the GH/IGF-1 signaling pathway in the livers of SIRT7 KO mice.

(B) — (F) Quantification of gene expression changed related to the GH/IGF-1 signaling
pathway in the livers of SIRT7 KO mice with Myc knockdown compared to in the livers
of SIRT7 KO and WT control mice by qPCR showing the inhibition of Myc reverses the
suppression of gene expressions related to the GH/IGF-1 signaling pathway.

(G) Quantification of plasma IGF-1 levels by ELISA showing the improved plasma IGF-1
level in SIRT7 KO mice with Myc knockdown compared to SIRT7 KO mice.
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Fig 5. The suppression of ATF3 reverses the downregulated GH/IGF-1 signaling pathway by the
deletion of SIRT7.

(A) Quantification of gene expression changes by qPCR showing the upregulated ATF3
gene expression in the livers of SIRT7 KO mice compared to WT control mice.

(B) — (E)Quantification of gene expression changes by qPCR showing the reactivation of the
GH/IGF-1 signaling pathway by ATF3 knockdown in the livers of SIRT7 KO mice.

(F) Quantification of plasma IGF-1 levels by ELISA showing the improved plasma IGF-1
level by ATF3 knockdown in SIRT7 KO mice.

(G) Western analysis showing the inhibition of ATF3 reverses the suppression of the GH/IGF-
1 signaling pathway in the livers of SIRT7 KO mice.
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Gene title
phosphate cytidylyltransferase 2, ethanolamine
sirtuin 7 {silent mating type information regulation 2, homoleg) 7 (S. cerevisiae)
solute carrier family 3, member 1
cytochrome P450, family 2, subfamily ¢, polypeptide 54
leukocyte cell derived chemotaxin 1
hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 2
fragile X mental retardation 1 neighbor
prolactin receptor
prolactin receptor
NADPH oxidase 4
interleukin 6 receptor, alpha
carboxylesterase 1E
carbonic anhydrase 14
NADPH oxidase 4
amylase 1, salivary
prolactin receptor
solute carrier family 15 {(H+/peptide transporter), member 2
chloride channel 2
carboxylesterase 1G
solute carrier family 1 {glial high affinity glutamate transporter), member 2
polymerase (RNA) 111 {DNA directed) polypeptide G
fibroblast growth factor receptor 4
carbonic arhydrase 8
potassium channel, subfamily K, member 5
hexam ethylene bis-acetamide inducible 1
polym eric immuncglobulin receptor
potassium intermediate/small conductance calcium-activated channel, subfamily N, member 2
protein phosphatase 1, regulatory {inhibitor) suburit 14A
polym ericimmuncglobulin receptor
hyaluronic acid binding protein 2
histidine ammonia lyase
fetuinbeta
carcinoem bryonic antigen-related cell adhesion molecule 1
alpha thalassemia/m ental retardation syndrome X-linked homolog (human)
rirg finger protein 43
isovaleryl coenzyme A dehydrogenase
SET domain containing 4
forkhead box A3
sulfotransferase family 1B, member 1
insulin-like growth factor binding protein, acidlabile subunit
LIM domain containing 2
cDNA sequence BC024139
DON1, defective in cullin neddylation 1, domain containing 1 {S. cerevisiae)
G protein-coupled receptor 155
DEAD {Asp-Glu-Ala-Asp) box polypeptide 6
chemokine (C-X-C motif) receptor 6
transient receptor potential cation channel, subfamily M, member 7
family with sequence similarity 132, member A
solute carrier family 12, member 2
brain derived neurotrophic factor
ATP-binding cassette, sub-family A (ABC1), member 8a
pantothenate kinase 3
family with sequence similarity 13, member B
cytochrome P450, family 2, subfamily d, polypeptide 13
fibroblast growth factor 1
hepatic |leukemia factor
ytochrome P450, family 2, subfamily ¢, polypeptide 44
nuclear receptor binding protein 2
zinc finger protein 790
thymidine kinase 1
zinc finger, DHHC domain containing 14
RNA polymerase Il associated protein 3
peroxisomal trans-2-enoyl-CoA reductase
neural cell adhesion molecule 2
solute carrier organic anion transporter family, member 2al
coagulation factor VII
carcinoembryonic antigen-related cell adhesion molecule 1
expressed sequence Al317395
bromodomain and WD repeat domain containing 1
carcinoembryonic antigen-related cell adhesion molecule 1
carbonic anhydrase 3
RIKEN cDNA 2010001E11 gene /// expressed sequence AI317395
opioid growth factor receptor-like 1
desmoglein 2
peroxisomal membrane protein 2
natriuretic peptide receptor 2
protein-tyrosine sulfotransferase 1
cytochrome P450, family 2, subfamily d, polypeptide 13
carcinoembryonic antigen-related cell adhesion molecule 1
carcinoembryonic antigen-related cell adhesion molecule 1
glycosylphosphatidylinositol specific phospholipase D1
protocadherin 1
notum pectinacetyl esterase homolog (Drosophila)
cDNA sequence BC026782
protein phosphatase 1, regulatory subunit 10 pseudogene
/11 protein phosphatase 1, regulatory suburit 10
centrosom e and spindle pole associated protein 1

Ceslg
Slela2
Polr3g
Fgfra
Car8
Kenks
Hexim1
Pigr
Kenn2
Pppirlda
Pigr
Habp2
Hal
Fetub
Ceacaml
Atx
Rnf43
Ivd
Setd4
Foxa3
Sultibl
lgfals
Limd2
BC024139
Deumidl
Gpriss
Dck6
Cxerb
Trom7
Fam132a
Slc12a2
Bdnf
AbcaBa
Pank3
Fam13b
Cyp2d13
Fefl
HIf
Cyp2cad
Nrbp2
26p790
Tk1
Zdnhc14
Rpap3
Pecr
Ncam2
Sleo2al
F7
Ceacam1
Al317395
Brwd1
Ceacam1
Car3
2010001E11Rik /// AI317395
Ogfrl1
Dsg2
Pxmp2
Npr2
Tpstl
Cyp2d13
Ceacam1
Ceacam1
Gpldi
Pedht
Notum
BC026782
Gm8801 /// Ppplrl0

Csppl

Fold Change p value

-4.483
-4.211

0.000
0.000
0.002
0.001
0.000
0.001
0.005
0.001
0.002
0.001
0.000
0.005
0.001
0.003
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1450083_at
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1415988_at
1417629_at
1449585_at
1436343_at
1416265_at
1417973_at
1428872_at
1425205_at
1425619_s_at
1449118 _at

caspase 3
transducin {beta)-like 1 X-linked
zinc finger, DHHC domain containing 14
aldehyde oxidase 3
adiponectin receptor 1
afamin
RIKEN cDNA 2700079J08 gene
RIKEN cDNA 1700040103 gene
dicarbonyl L-xylul ose reductase
carcinoembryonic antigen-related cell adhesion molecule 1
11/ carcinoembryonic antigen-related cell adhesionmolecule 2
RNA binding motif protein 5
RIKEN cDNA 4933411K20 gene
asialoglycoprotein receptor 2
RIKEN cDNA D930016D06 gene
protein phosphatase 1, regulatory subunit 10 pseudcgene
/11 protein phosphatase 1, regulatory subunit 10
intermediate filament family orphan 2
aminocacylase 1
methylcrotonoyl-Coenzyme A carbaxylase 1 (alpha)
Ras association (RalGDS/AF-6) domain family member 3
inhibin beta-C
RIKEN cDNA 2810459M11gene
carbonic anhydrase 8
zinc finger protein 771
cytochrome P450, family 1, subfamily a, polypeptide 2
hexam ethylene bis-acetamide inducible 1
Scm-like with four mbt domains 1
zinc finger, DHHC domain containing 14
sodium channel, norvoltage-gated 1 alpha
syndecan 2
alpha thalassemia/mental retardation syndrome X-linked homolog (humany)
sphingosine-1-phosphate receptor 1
ash1 (absent, small, or homeotic)-like {Drosophila)
adducin3 {gamma)
eukaryotic translation initiation factor 4, gamma 1
prospero-related homeobox 1
ankyrin repeat and KH domain containing 1
camello-like 1
zinc finger protein 354A
LIM domain containing 2
nuclear receptor subfamily 1, group |, member 3
SERTA domain containing 1
E74-like factor 2
RIKEN cDNA 1700020C11 gene
tetratricopeptide repeat domain 398
REV1 homolog (S. cerevisiae)
YTH domain family 1

solute carrier family 3 {activators of dibasic and neutral amino acid transport), member 2

carcinoemnbryonic antigen-related cell adhesion molecule 1
neuronal guanine nudeotide exchange factor
sarcosine dehydrogenase
golgi cofled coil 1
ribosomal protein S6 kinase, polypeptide 1
bromodomain adjacent to zinc firger domain, 18
YTH domain family 1
anterior pharynx defective 1a homolog {C. elegans)
fibroblast growth factor 1
Akinase (PRKA) anchor protein 8
coiled-coil domain containing 84
nudix {nucleoside diphosphate linked moiety X)-type motif 19
DEAD {Asp-Glu-Ala-Asp) box polypeptide 19b
structural maintenance of chromosomes 1A
calcium-binding tyrosine-{Y}-phosphoryl ation regul ated {fibrousheathin 2}
RAS related protein 2a
zinc firger with KRAB and SCAN domains 1
solute carrier family 12, member 2
ubiquitin spedific peptidase 24
malignant fibrous histiocytoma amplified sequence 1
afamin
upstream transcription factor 2
ATPase, class VI, type 118
transmembrane and tetratricopeptide repeat containing 4
kalirin, RhoGEF kinase
alpha thalassemia/mental retardation syndrome X-linked homolog (human)

SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 2

ATP-binding cassette, sub-family B {(MDR/TAP), member 10
CCR4-NOT transcription complex, subunit 4
general transcription factor Il A
high density lipoprotein (HDL} bindirg protein
proline dehydrogenase
interleukin 1 receptor accessory protein
chromodomain helicase DNA binding protein 4
calpain 10
inter-alpha trypsin Inhibitor, heavy chain 1
male-specific lethal 1 homolog {Drosophila)
DEAD {Asp-Glu-Ala-Asp) bax polypeptide 19b
desmoglein 2
dihydrolipoamide branched chain transacylase £2

Casp3 -0.59
Thiix -0.592
Zdnhc14 -0.587
Acx3 -0.587
Adiporl -0.583
Afm -0.583
2700079J08RTk -0.580
17000401 03RTk -0.578
Dexr -0.577
Ceacam1 /// Ceacam2 -0.572
Rbms -0.569
4933411K20Rik -0.567
Asgr2 -0.566
D930016D06RIKk -0.565
GmB801 /// Pppr10 -0.562
1ffo2 -0.555
Acyl -0.552
Meccl -0.549
Rassf3 -0.548
Inhbc -0.548
2810459M11Rik -0.547
Car8 -0.547
zfp771 -0.546
Cypla2 -0.542
Hexim1 -0.541
Sfmbtl -&537
Zdnhc14 -0.534
Scnnla -0.533
Sdc2 -0.532

Atrx -0.530
Slprl -0.529
Ashil -0.529
Add3 -0.528
Eif4gl -0.526
Prox1 -0.523
Ankhd1 -0.522
Cml1 -0.520
Zfp3sda -0.519
Limd2 -0.518
Nrli3 -0.516
Sertadl -0.515
Elf2 -0.512
1700020C11Rik -0.512
Tte3h -0.512
Revl -0.511
Ythdfl -0.511
Sle3a2 -0.510
Ceacam1 -0.510
Ngef -0.509
Sardh -0.503
Geel -0.502
Rps6kbl -0.502
Bazlb -0.498
Ythdf1 -0.494
Aphla -0.494
Fgfl -0.494
Akap8 -0.489
CedcB84 -0.489
Nudtl9 -0.488
Ddx19b -0.487
Smcla -0.487
Cabyr -0.485
Rap2a -0.484
Zkscanl -0.483
Slc12a2 -0.483
Usp34 -0.481
Mfhasl -0.478
Afm -0.476
Usf2 -0.475
Atpllb -0.474
Tmtc4 -0.469
Kalrm -0.469
Atrx -0.468
Smarca2 -0.468
Abcb10 -0.465
Cnot4 -0.463
Gtf3a -0.463
Hdlbp -0.463
Proch -0.461
llrap -0.461
Chd4 -0.460
Capn10 -0.460
Itih1 -0.459
Msl1 -0.459
Ddx19b -0.459
Dsg2 -0.458

Dbt -0.457
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1416661_at
1451523 a_at
1418238_at
1427163_at
1424288 at
1455073_at
1420142_s_at
1429783 _at
1425577_at
1425230_at
1449257_at
1455446_x_at
1426381 _at
1417448_at
1417532_at
1419178 _at
1439476_at
1422064 a_at
1417549_at
1416402_at
1437649 x_at
1451871_a_at
1421478 a_at
1448440 x_at
1425085_at
1418668_at
1460718 _s_at
1426456_a_at

adenylate kinase 4
hypothetical LOC100504714
opioid growth factor receptor-like 1
zinc finger protein 30
erythrocyte protein band 4.1-Tke 4b
ATPase, Na+/K+ transporting, beta 1 polypeptide
serine/threonine/tyrosine interaction protein
EH domain binding protein 1
HEAT repeat containing 6
chrom obox homolog 5 {Drosophila HP1a)
solute carrier family 12, member 2
zinc finger, SWIM domain containing 6
protein phosphatase 4, regulatory subunit 2
synaptic nuclear envelope 2
RIKEN cDNA 2700050L05 gene
GRAM domain containing 1A
solute carrier family 9 {sodium/hydrogen exchanger), member 3 regulator 1
nuclear factor I/X
tetratricopeptide repeat domain 398
trinucl eotide repeat containing 6b
thioredoxin reductase 3
zinc finger protein 91
KN motif and ankyrin repeat domains 2
sarcosine dehydrogenase
trans-acting transcription factor 4
pipecolic acid oxidase
X-linked inhibitor of apoptosis
glycine C-acetyltransferase (2-amino-3 yrate-coenzyme A ligase)
zinc finger protein 207
solute carrier family 9 (sodium/hydrogen exchanger), member 3regulator 1
solute carrier family 9 {sodium/hydrogen exchanger), member 3regulator 1
protein tyrosine phosphatase, non-receptor type 11
sorting nexin 18
RIKEN cDNA 5430407P10 gene
microtubule associated serine/threonine kinase 3
AT rich interactive domain 48 (RBP1-like)
sorbitol dehydrogenase
cysteine and histidine rich 1
zinc finger CCCH type containing 8
zinc finger protein 84
nudear factor of activated T-cells, cytoplasmic, calcineurin-dependent 3
ash1 (absent, small, or homeotic)-like {Drosophila)
desmoglein 2
zinc finger protein 148
death inducer-obliterator 1
DEAH {Asp-Glu-Ala-His) box polypeptide 9
nuclear casein kinase and cydin-dependent kinase substrate 1
centrosomal protein 68
zinc finger, DHHC domain containing 14
INO8O homol cg (5. cerevisiae)

predictedgene 14326 /// pr e 14399
zinc firger, CCHC domain containing 14
syndecan 2

RIKEN cDNA 1110005A03 gene
zinc finger protein 110
phosphatase, orphan 2
solute carrier family 39 {metal ion transporter), member 8
heparan-alpha-glucosaminide N-acetyltransferase
Akinase (PRKA) anchor protein 8
regulation of nuclear pre-mRNA domain containing 18
eukaryotic translation initiation factor 3, subunit A
MIF4G domain containing
isovaleryl coenzyme A dehydrogenase
ubiquitin protein ligase E3 com ponent n-recognin 2
methylphosphate capping enzyme
cytidine and dOMP deaminase domain containing 1
proliferation-associated 2G4
PDZ and LIM domain 5
zinc finger, MYM-type 5
N-acetylglutamate synthase
DNA segment, Chr 11, Wayne State University 99, expressed
acyl-Coenzyme A dehydrogenase, short/branched chain
peroxisome proliferative activated receptor, gamma, coactivator-related 1
RIKEN cDNA 1810008A18 gene
cytochrome PA50, family 2, subfamily j, polypeptide 5
D3 antigen, gamma polypeptide
desmoglein 2
zinc firger and BTB domain containing 20
zinc finger protein 68
ATP-binding cassette, sub-family B {(MDR/TAP), member 10
peptidylprolyl isomerase B
growth hormone receptor
zinc finger protein 318
DNA segment, Chr 17, Wayne State University 104, expressed
RIKEN cDNA 6330416L07 gene
acyl-CoA synthetase medium-chain family member 1
mitochondrial carrier homolog 1 (C. elegans)
proteininhibitor of activated STAT 2
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-0.456 0.002

LOC100504714 -0.455 0.005
Ogfrl1 -0.454 0.001
2fp30 -0.453 0.004
Epb4.114b -0.452 0.000
Atplbl -0.450 0.001
Styx -0.450 0.000
Ehbpl -0.446 0.002
Heatré -0.445 0.003
Cbx5 -0.445 0.000
Slc12a2 -0.442 0.002
Zswimb -0.441 0.000
Pppér2 -0.441 0.000
Syne2 -0.440 0.000
2700050L05Rik -0.439 0.005
Gramdla -0.438 0.002
Slc9a3rl -0.438 0.001
Nfix -0.437 0.001
Tte3%h -0.435 0.000
Tnreéb -0.431 0.001
Txnrd3 -0.430 0.006
Zfpo1 -0.430 0.003
Kank2 -0.430 0.004
Sardh -0.430 0.003
Sp4 -0.429 0.001
Pipox -0.428 0.000
Xiap -0.428 0.003
Geat -0.428 0.003
Zfp207 -0.428 0.001
Slc9a3rl -0.427 0.001
Slc9a3rl -0.427 0.002
Ptpn1l -0.426 0.002
Snx18 -0.426 0.001
5430407P10RTk -0.425 0.001
Mast3 -0.425 0.006
Ariddb -0.424 0.001
Sord -0.424 0.003
Cyhrl -0.423 0.004
2c3h8 -0.420 0.004
2fp84 -0.420 0.005
Nfatc3 -0.417 0.001
Ashil -0.417 0.001
Dsg2 -0.417 0.001
Zfp148 -0.415 0.000
Didol -0.414 0.001
Dhx9 -0.414 0.005
Nucks1 -0.413 0.006
Cepb8 -0.413 0.002
Zdhhc14 -0.412 0.005
Ino80 -0.410 0.000

- -0.409 0.000
Gm14326 /// Gm14399 -0.407 0.001
Zcchcl4 -0.407 0.000
Sde2. -0.406 0.004
1110005A03Rik -0.405 0.003
Zfp110 -0.405 0.006
Phospho2 -0.404 0.000
Slc39a8 -0.404 0.001
Hgsnat -0.404 0.000
Akap8 -0.403 0.002
Rprdib -0.401 0.004
Eif3a -0.401 0.002
Mifagd -0.400 0.001
Ivd -0.400 0.004
Ubr2 -0.400 0.000
Mepce -0.399 0.002
Cdadcl -0.397 0.000
Pa2g4 -0.397 0.005
Pdiim5 -0.397 0.002
Zmym5S -0.396 0.005
Nags -0.396 0.003
D11Wsu99e -0.395 0.000
Acadsb -0.394 0.005
Pprel -0.393 0.002
1810008A18Rik -0.392 0.003
Cyp2j5 -0.391 0.003
Cd3g. -0.390 0.005
Dsg2 -0.387 0.001
Zbth20 -0.386 0.000
Zfp68 -0.386 0.006
Abcb10 -0.385 0.000
Ppib -0.384 0.001
Ghr -0.384 0.002
zfp318 -0.384 0.001
D17WsulOde -0.383 0.003
6330416L07Rik -0.383 0.001
Acsm1 -0.382 0.001
Mtchl -0.381 0.004
Pias2 -0.380 0.006



1425095_at
1451152_a_at
1418432_at
1424657_at
1455511_at
1451459_at
1425662_at
1429109_at
1455955_s_at
1422805_a_at
1416776_at
1422769_at
1451501_a_at
1424926_at
1452377_at
1424810_at
1434300_at
1426546_at
1448905_at
1424860_at
1459900_at
1438403 s_at
1436364 x_at
1418698 a_at
1419508 at
1417309_at
1422677_at
1415730_at
1437236 a_at
1426625_at
1418397_at
1434962 x_at
1422787_at
1451577_at
1420914_at
1421088_at
1436833 x_at
1416800_at
1423197 a_at
1416681_at
1452396_at
1420917_at
1453324 _at
1423194_at
1449492 a_at
1424883 s_at
1424244_at
1448851 _a_at
1449069_at
1455605_at
1437477_at
1434177_at
1455254_at
1429186_a_at
1434311_at
1449382_at
1423871_at
1416042_s_at
1448321 _at
1416007_at
1424414_at
1418845_at
1427456_at
1421000_at
1421127_at
1460328_at
1452322 a_at
1451019_at
1425056_a_at
1425279_at
1448350_at
1452017_at
1429052_at
1423303_at
1448229 s at
1452222_at
1418023_at
1452629_at
1437067_at
1448910_at
1425157 x_at
1426798_a_at
1460681 _at
1423951_at
1450942_at
1424242_at
1417261 _at
1417538 _at
1424980_s_at

cDNA sequence BC002059
ATPase, Na+/K+ transporting, beta 1 polypeptide
calcium binding protein 39
TAO kinase 1
selenophosphate synthetase 1
AT hook containing transcription factor 1
cytidine and dOMP deaminase domain containing 1
male-specific lethal 2 homolog (Drosophila)
sorting nexin 17
inhibitor of growth family, member 3
crystallin, mu
synaptotagmin binding, cytoplasmic RNA interacting protein
growth hormone receptor
SEO63-like (5. cerevisiae)
myeloid/lymphoid or mixed-lineage | eukemia 1
taspase, threonine aspartase 1
RIKEN cDNA 261010IN10 gene
testis-specific kinase 2
mitochondrial ribosomal protein $34 /// non-metastatic cells 3, protein expressed in
RIKEN cDNA D930016D06 gene
expressed sequence C79468
metastasis associated lurg adenocarcinoma transcript 1 {non-coding RNA}
nuclear factor 1/X
ferrochelatase
receptor {TNFRSF)-interacting serine-threonine kinase 1
transducer of ERBB2, 2
diacylglycerol O-acyltransferase 2
cleavage and polyadenylation specific factor 7
zinc finger protein 110
zinc finger protein 623
zinc finger protein 275
chem okine (C-Cmotif) ligand 27A /// chemokine (C-C motif) ligand 27b
FK506 binding protein-like
zinc finger and BTB domain containing 20
solute carrier organic anion transporter family, member 2al
glypican 4
tbulin tyrosine ligase-like 1
transient receptor potential cation channel, subfamily M, member 7
SMEK homal g 2, suppressor of mekl {Dictyostelium)
ublquitin proteinligase E3A
serine/arginine-rich splicing factor 15
PRP40 pre-mRNA processing factor 40 homolog A (yeast}
nuclear import 7 homolag (5. cerevisiae)
Rho GTPase activating protein 5
leukocyte cell-derived chemotaxin 2
serine/arginine-rich splicing factor 7
RWD domain containing 4A
Dnal {Hsp40) homolog, subfamily G member 5
zinc finger protein 148
RUN and FYVE domain containing 3
leucine rich repeat {(in FLII) interacting protein 1
endothelin converting enzyme 1
RIKEN cDNA 4833420G11 gene
cytidine and dOMP deaminase domain contalning 1
CCR4-NOT transcription complex, subunit 6-like
solute carrier family 6 {neurotransmitter transporter, betaine/GABA}, member 12
transmembrane protein 63a
nucl ear autoantigenic sperm protein {histone-binding)
SPARC related modular calcium binding 1
special AT-rich sequence binding protein 1
opioid growth factor receptor-like 1
protein C
WD repeat and FYVE domain containing 3
CCR4-NOT transcription complex, subunit 4
transmembrane protein 42
brom odomain containing 3
bromodomain and WD repeat domain containing 1
cathepsinF
cytidine and dQVIP deaminase domain containing 1
PDLIM1 interactirg kinase 1 Itke
argininosuccinate lyase
replication factor C (activator 1) 5
protein tyrosine phosphatase, receptor type, D
PAX nteracting {with transcripti on-activation domair) protein 1
cydlin D2
utrophin
N{alpha}-acetyltransferase 15, NatA auxiliary subunit
scaffold attachment factor B2
putative homeodomain transcription factor 2
peroxisomal trans-2-enoyl-CoA reductase
tetraspanin 33
protein phosphatase 1, regulatory (inhibitor) subunit 15b
carcinoemnbryonic antigen-related cell adhesion molecule 1
TM2 domain containing 3
zinc finger protein 830
forty-two-three domain containing 1
mbt domain containing 1
solute carrier family 35 {CMP-sialic acid transporter}, member 1
anterfor pharynx defective 1a homolog (C. elegans)
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BC002059 -0.380 0.003
Atpibl -0.280 0.006
Cab3g -0379 0.004
Taokl -0.379 0.002
Sephs1 -0.377 0.006
Ahctf1 -0.377 0.006
Cdadel -0.376 0.001
Msl2 -0.376 0.004
Snx17 -0.376 0.001
Irg3 -0.375 0.006
Crym -0.375 0.001
Syncrip -0.374 0.002
Ghr -0.374 0.000
Sec63 -0373 0.001
MilL -0372 0.001
Taspl 0372 0.004
261010IN10Rik -0372 0.001
Tesk2 0372 0.000
Mrps34 /// Nme3 0371 0.001
D930016D06Rk -0371 0.001
C79468 0371 0.001
Malatl 0371 0.006
Nfix -0370 0.004
Fech -0.369 0.000
Ripkl -0.369 0.001
Tob2 -0.369 0.005
Dgat2 -0.369 0.004
Cpsf7 -0.368 0.003
2fp110 -0.368 0.004
2fp623 -0.366 0.002
2fp275 -0.366 0.004
Cel27a /// Cdl27b -0.366 0.002
Fkbpl -0.365 0.001
Zbth20 -0.365 0.002
Slco2al -0.365 0.001
Gpet -0.364 0.001
THI1 -0.363 0.002
Trpm?7 -0.362 0.001
Smek2 -0.361 0.002
Ube3a -0.360 0.006
Srsf15 -0.359 0.002
Prpf40a -0.358 0.003
Nip7 -0.358 0.003
Arhgaps -0.358 0.005
Lect2 -0.357 0.001
Srsf7 -0357 0.005
Rwdd4a -0.357 0.006
Dnaje5 -0.357 0.003
2fp148 -0.356 0.000
Rufy3 -0.355 0.004
Lrrfipl -0.354 0.003
Ecel -0.354 0.001
4833420G11Rik -0.354 0.001
Cdadel -0.353 0.003
Crot6l -0353 0.003
Sleeal2 -0.353 0.005
Tmem62a -0.352 0.004
Nasp -0.351 0.003
Smocl -0.348 0.001
Satbl -0.347 0.004
Ogfrl1 -0.347 0.001
Proc -0.346 0.000
wdfy2 -0.346 0.004
Crot4 -0.345 0.002
Tmem42 -0.345 0.001
Brd3 0345 0.001
Brwdl -0.345 0.005
Crsf -0.345 0.005
Cdadcl -0.344 0.002
Pdikil -0.344 0.002
Asl -0.343 0.002
RfcS -0343 0.005
Ptprd -0.342 0.002
Paxipl -0.340 0.001
Cend2 -0.340 0.003
utn -0.339 0.003
Naal5 -0.339 0.002
Safb2 -0339 0.006
Phtf2 -0.339 0.003
Pecr -0.338 0.001
Tspan33 -0338 0.004
Ppplrish -0.338 0.002
Ceacam1 -0.338 0.003
Tm2d3 -0337 0.001
2fp830 -0.337 0.004
Fyttd1 -0.337 0.001
Mbtdl -0337 0.005
Sleasal -0.337 0.002
Aphta -0.336 0.002



1426378 at
1422000_at
1424120_at

1427776_a_at
1424065_at
1454641_at
1425200_at
1456488_at

1427408 _a_at

1423869_s_at
1436158 at
1426287_at
1436714 _at
1452200_at
1418366_at

1418514 at
1455026_at
1455625_at

1417572_at
1436167_at
1418577_at
1452099_at
1460682_s_at

1424485_at
1418190_at
1436391 s_at
1424166_at
1452126_at
1416180_a_at
1433724 _at
1457272_at
1418445_at
1428248 at
1425319 s_at
1437000_at
1435742_at
1424579_at
1437394 at
1426238 at
1452307_at
1448767_s_at
1427461_at
1427837_at
1423184 _at
1449934 _at
1449269_at
1427150_at

1448439_at
1417357_at
1440195_at
1417736_at
1419867_a_at
1422619_at
1428029 a_at
1420641_a_at
1419172_at
1427384_at
1426380_at
1448670_at
1429369_at
1437024_at
1449042_at
1437511 x_at
1448810_at
1418900_at
1453030_at
1460349_at
1417084_at
1452885_at
1424207_at
1424569_at
1418699_s_at
1421148 a_at
1454801 _at
1450050_at
1428092_at
1427232_at
1423565_at

1425793 _a_at

1449849_a_at

1450199_a_at
1416913 at

eukaryotic translation initiation factor 48
aldo-keto reductase family 1, member C12
rirg finger protein 8
fibroblast growth factor receptor 4
ER degradation enhancer, mannosidase alpha-like 1
GGG triplet repeat binding protein 1
chloride channel CLIC- ke 1
WD repeat domain 33
thyroid horm one receptor associated protein 3
thioredoxin reductase 3
eukaryotic translation initiation factor 4E binding protein 2
ataxin 7
LIM domain containing preferred translocation partner in lipoma
(DKN2A interacting protein N-terminal like
histone cluster 2, H2aal /// histone cluster 2, H2aa2
/// histone cluster 2, H2ac /// histone cluster 2, H3c1
metal response element binding transcription factor 2
sno, strawberry notch homolog 1 {Drosophila)
TAF10 RNA polymerase |1, TATA box binding protein (TBP)-associated factor
RIKEN cDNA 4633424801 gene
diacylglycerol O-acyltransferase 2
N-methylpurine-DNA glycosylase
Src homol ogy 2 domain containing F
tripartite motif-containing 8
expressed sequence AA408296
carcinoembryonic antigen-related cell adhesion molecule 1
/11 carcinoembryonic antigen-related cell adhesionmolecule 2
angiopoietin-like 3
paracxonase 1
chloride channel CLIC- ke 1
mutS homolog 3 {E. coli)
zinc finger protein 160
radixin
DNA segment, Chr 15, ERATO Doi 621, expressed
solute carrier family 16 {monocarboxylic acid transporters), member 2
nuclear transcription factor, X-box binding 1
small nuclear ribonucleoprotein 48 {U11/U12)
diacylglycerdl kinase, theta
SMEK homolog 1, suppressor of mek1 {Dictyostelium}

solute carrier family 35 {UDP-N -acetylglucosamine {UDP-GIcNAc) transporter), member 3

ArfGAP with GTPase domain, ankyrin repeat and PH domain 1
bone morphogenetic protein 1
CDKS and Abl enzyme substrate 2
gap junction protein, beta 1
cDNA sequence BCO05561
Immunoglobulin kappa chain variable 32 {(v32)
intersectin 2
purine rich element bindirg protein A
coagulation factor V
myeloid/lymphoid or mixed-lineage leukemia 3
LIM domain containing preferred translocation partner in lipoma
methyltransferase like 6
DNA segment, Chr 17, Wayne State University 104, expressed
emerin
serpinel mRNA binding protein 1
structural maintenance of chromosomes 6
ankyrin repeat and KH domain containing 1
phosphatidic acid phosphatase type 2A
H2A histone family, member V
sulfide quinone reductase-like (yeast)
dihydrofolate reductase
chromodomain helicase DNA binding protein 6
eukaryotic translation initiation factor 48
ubiquitin-conjugating enzyme E2E 2, UBC4/5 homolog (yeast)
transportin 3
sphingomyelin phosphodiesterase 4
CCCTC-binding factor
chloride channel CLIC- ke 1
glucosamine
ubiquitin-fold modifier 1
male-specific lethal 2 homolog (Drosophila)
proline rich 14
eukaryotic translation initiation factor 4E binding protein 2
serine/arginine-rich splicing factor 2, interacting protein

SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 5

DEAD {Asp-Glu-Ala-Asp) box polypeptide 46
ferrochelatase
Tial cytotoxic granule-associated RNA binding protein-like 1
ankyrinrepeat domain 28
histone cell cycle regulation defective homolog A (S. cerevisiae)
cell division cycle 5ike (S. pomnbe)
teashirt zinc finger family member 1

phosphoribosylamincimidazole carboxylase, phosphoribosylaminori
succinocarboxamide synthetase
RAR-related orphan receptor gamma
F-box and leucine-rich repeat protein 6
stabilin1
carboxylesterase 1C

Eifab
Akricl2
Rnfg
Fgfra
Edem1
Cggbpl
Clecl
Wdr33
Thrap3
Txnrd3
Eifebp2
Atxn7

Lpp
Cdkn2aipnl
Hist2h2aal /// Hist2h2aa2 /// Hist2h2ac /// Hist2h3cl

Mtf2
Sbnol

a
4933424B01Rik
Dgat2
Mpg
Shf
Trim8
AA408296
Ceacam1 /// Ceacam2

Argptl3
Ponl
Clecl
Msh3
2fp160
Rax
D15Ertd621e
Slc16a2
Nfx1
Snrmp48
Dgkq
Smekl
Sle35a3
Agapl
Bmpl
Cables2
Gjb1
BC005561
Igk-va2
Itsn2
Pura
F5
M3
Lpp
Mettl6
D17Wsul0de
Emd
Serbpl
Smcé
Ankhd1
Ppap2a
H2afy
Sqrdl
Dhfr
Chds
Eifab
Ube2e3
Tnpo3
Smpd4
Cref
Clect
Gne
Ufm1
Msl2
Prrl4
Eifdebp2
Srsf2ip
Smarca5
Dck46
Fech
Tiall
Ankrd28
Hira
Cdesl
Tshzl
Paics

Rorc
Fbxl6
Stabl
Ceslc

-0.335
-0.334
-0.334
-0.333
-0.333
-0.333
-0.333
-0.333
-0.331
-0.331
-0.331
-0.330
-0.330
-0.330
-0.330

-0.330
-0.330
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1423396 _at
1419131_at
1422665 _a_at
1420372_at
1422453 at
1418627_at
1448766_at
1448026_at
1437382_at
1416533 _at
1435524 _at
1424316_at
1419045_at
1449043 _at
1453993 a_at
1426243 _at
1417949 _at
1452686_s_at
1426775_s_at

1426094 _at
1415787_at
1434612_s_at
1453124 _at
1417834 at
1451221_at
1455066_s_at
1415920_at
1449800_x_at
1416393 _at
1418696_at
1417548_at
1434892 x_at
1425190_a_at
1452364 _at
1416167_at
1437175_at
1450376_at
1452499 a_at
1426967_at
1454802_x_at
1426487 _a_at
1423060_at
1417371_at
1427136_s_at
1426483 _at

1460244_at
AFFX-BioB-M_at
1419819 s_at
1415716_a_at
1418635_at
1424924 _at
1416874 a_at
1434306_at
1427333 s_at
1451565_s_at
1422517 _a_at
1436300_at
1427317_at
1454640_at
1422680_at
1418706_at
1423068 _at
1460358_s_at
1425473_at
1436266 x_at
1420339_at
1426379_at
1457675_at
1451348 at
1452734_at
1452628 at
1415712_at
1426245_s_at
1427209_at
1460689_at
1448288 _at
1436291 a_at
1448573 a_at
1415764 _at
1423047_at
1452611_at
1448567_at
1425240_at
1426359_at
1434317 s_at
1419402_at

angiotensinogen {serpin peptidase inhibitor, clade A, member 8)
coagulation factor XIll, beta subunit
protein-L-isoaspartate {D-aspartate) O-methyltransferase 1
syntrophin, basic 2
pre-mRNA processing factor 8
glutamate-cysteine ligase, modifier subunit
gap junction protein, beta 1
chromodomain helicase DNA binding protein 7
activin receptor 1A
EGL nine homolog 2 {C. elegans)
small nucleolar RNA host gene 8

solute carrier family 25 {mitochondrial thiamine pyrophosphate carrier), member 19

solute carrier family 25 {mitochondrial carrier; phosphate carrier), member 23
N-acetyl galactosaminidase, alpha
BCL2/adenovirus E1B interacting protein 2
cystathionase {cystathionine gamm a-lyase)
interl eukin enhancer binding factor 2
transmembrane protein 222
secretory carrier membrane protein 1
acylpeptide hydrolase
kallikrein B, plasma 1
rhomboid, veinlet-like 1 {Drosophila)
alpha glucosidase 2 alpha neutral subunit
sno, strawberry notch homolog 1 (Drosophila)
transportin 3
synaptajanin 2 binding protein
cDNA sequence BC018507
melanoma inhibitory activity 3
deavage stimulation factor, 3' pre-RNA subunit 2, tau
PHD finger protein 7
EMG1 nudleolar protein homolog (S. cerevisiae)
tetratricopeptide repeat domain 36
squamous cell carcinoma antigen recognized by T-cells 3
retinoblastoma binding protein 4
phosphatase, orphan 2
suppressor of zeste 12 homolcg {Drosophila)
peroxiredoxin 4
PDLIM1 interacting kinase 1 like
Max interacting protein 1
kinesin family member 2A
axin1
ariadne homolag 2 {Drosophila)
retinoblastoma bindirg protein 6
proliferation-associated 2G4
pellino 1
serine/ arginine-rich splicing factor 12
protein-kinase, interferon-inducible double stranded RNA dependent inhibitor,
repressor of (PS8 repressor)
ureidopropionase, beta
SE63-like (5. cerevisiae)
predicted gene 9846 /// ribosomal protein 527
ets variant gene 3
SEO53-like (5. cerevisiae)

Paf1, RNA polymerase Il associated factor, homol og {S. cerevisiae)
RAB3A Interacting protein
serine/arginine-rich splicing factor 15
urocanase domain containing 1
zinc ribbon domain containing, 1
dual serine/threonine and tyrosine protein kinase
antigenic determinant of rec-A protein

iled-coil-heli iled-coil -helix domain containing 7
Ctr9, Paf1/RNA polymerase Il complex component, homolog (S. cerevisiae)
solute carrier family 38, member 3
intraflagellar transport 172 homol og {Chlamydomonas)
nudix {nucleoside diphosphate linked moiety X)-type motif 22
mediator complex subunit 17
chromobox homolog 1 {Drosophila HP1 beta)
mediator of cell motility 1
eukaryotic translation initiation factor 48
RIKEN cDNA 2510002024 gene
DEP domain containing 6
ribonuclease T2A /// ribonuclease T28
BCL2-assodlated athanogene 5
zinc finger, RAN-binding domain containirg 1
microtubule-associated protein, RP/EB family, member 2
bromodomain adjacent to zinc finger domain, 2A
PPPDE peptidase domain containing 2
nuclear factor I/B
dihydropyrimidinase
carcinoembryonic antigen-related cell adhesion molecule 10
zinc finger CCCH type containing 11A
toll interacting protein
listerin £3 ubiquitin protein ligase 1
transmembrane protein 115
cDNA sequence BC011426
zinc finger CCCH type containing 11A
testis expressed gene 10
meiosis-specific nuclear structural protein 1

Agt
F13b
Pemtl
Sntb2
Prpf8
Gdm
Glb1
Chd7
Acvr2a
Egin2
Snhg8
Sle25a19
Sle25a23
Naga
Bnip2

Rhbdi1
Ganab
Sbnol
Tnpod
Synj2bp
BC018507
Mia3
Gstf2t
Phf7
Emgl
Ttc36
Sart3
Rbbp4
Phospho2
Suzl2
Prdx4
Pdikal
Mxi1
Kif2a
Axinl
Arih2
Rbbp6
PaZg4
Pelil
Srsf12
Prkrir
Upbl
Sec63
Gm9846 /// Rps27
Etv3
Sec63
Paf1
Rab3ip
Srsf15
Urocl
Zrrdl
Dstyk
Kin
Chehd7
Ctr9
Slc38a3
1f172
Nudt22
Med17
Thx1
Memol
Eif4b
2510002024Rik
Depdc6

Rnaset2a /// Rnaset2b

Bags
Zranbl
Mapre2

Baz2a
Pppde2
Nfib
Dpys
Ceacam10
Zc3hlla
Tollip
Ltnl
Tmem115
BC011426
Zc3hlla
Tex10
Mnsl

-0.279

-0.278

0.003
0.006
0.004
0.006
0.003
0.002
0.006
0.004
0.001
0.003
0.005
0.004
0.004
0.004
0.002
0.003
0.003
0.001
0.002
0.001
0.001
0.002
0.005
0.003
0.005
0.001
0.004
0.004
0.001
0.004
0.003
0.001
0.003
0.005
0.002
0.004
0.004
0.003
0.005
0.002
0.004
0.004
0.003
0.004
0.004
0.005
0.002

0.003
0.004
0.002
0.003
0.002
0.003
0.005
0.003
0.003
0.004
0.006
0.005
0.006
0.006
0.006
0.005
0.003
0.006
0.005
0.002
0.005
0.003
0.005
0.002
0.006
0.005
0.002
0.005
0.005
0.006
0.002
0.005
0.004
0.004
0.004
0.006
0.006
0.005
0.003
0.005
0.005
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1427978 at
1449316_at
1418022_at
1416859_at

1449040_a_at
1425621_at
1424086_at
1460691_at
1455184 _at
1452299_at

1426388 s_at
1455129_at
1427896_at
1416680_at
1416497_at
1452288 _at

1420021_s_at

1437670_x_at

1434946 _at
1456085_x_at
1460708_s_at
1415842_at
1421166_at
1415724 a_at
1426716_at
1449574 a_at
1417150_at
1426128 a_at
1450708_at
1426400_a_at
1416009_at
1421444_at
1416266_at
1460726_at
1425629_a_at
1435323_a_at
1460307_at
1451230_a_at
1415018 a_at
1449141 _at
1450671_at
1425665_a_at
1426073_at
1450591 _at
1425904_at
1426067 x_at
1449549_at
1437984 x_at
1420817_at
1428265_at
1424718 at
1439270 x_at
1424769_s_at
1431726_a_at
1415941 s_at
1422507_at
1454454_at
1416596_at
1449222_at
1422986_at
1427623_at
1422957_at
1416156_at
1425217 a_at
1431692_a_at
1448437 a_at
1418031_at
1420943_at
1416905_at
1426672_at
1456199 x_at
1448736 _a_at
1424114 s_at
1418810_at
1420376_a_at
1448016_at
1448210_at
1425676_a_at
1450748 _at
1418115 s_at
1427694_at
1435110_at
1449714 _at
1449107_at
1420911 _a_at
1434248 at
1435659_a_at

RIKEN cDNA 4732418007 gene
cytochrome P450, family 4, subfamily f, polypeptide 15
N(alpha)-acetyltransferase 15, NatA auxiliary subunit
FK506 binding protein 3
selenophosphate synthetase 2
tripartite motif-containing 35
OAF homolog (Drosophila)
zinc finger protein 598
MOB1, Mps One Binder kinase activator-like 1A {yeast)
WW domain containing E3 ubiquitin protein ligase 1
receptor-like tyrosine kinase
metacherin
suppressor of defective silencing 3 homolog (S. cerevisiae)
ubiquitin protein ligase E3A
protein disulfide isom erase associated 4
myotubularin related protein 10
suppressor of zeste 12 homolog (Drosophila)
(D151 antigen
family with sequence similarity 83, member G
solute carrier family 6 {neurotransmitter transporter, creatine), member 8
DnaJ {Hsp40) homolog, subfamily G, member 27
(D151 antigen
cell division cycle 42 homolog (S. cerevisiae)
MTOR associated protein, LST8 homolog (S. cerevisiae)
atfractin
cell division cycle 42 homolog (S. cerevisiae)
tudor domain containing 7
cell division cycle 42 homolog (S. cerevisiae)
solute carrier family 6 {(neurotransmitter transporter, serotonin}, member 4
potassi Itage-gated channel, subfamily Q, member 2
secretogranin Il
calpain, small subunit 1
tetraspanin 3
progesterone receptor
prodynorphin
adenyl osuccinate synthetase, non muscle
nucledlar protein family 6 {RNA-associated)
membrane bound O-acyltransferase domain containing 1
thymoma viral proto-oncogene 3
WW domain bindirg protein 5
triosephosphate isomerase 1
filamin binding LIM protein 1
crystallin, beta A1
signal recognition particle 54A /// signal recognition particle 548 /// signal recognition particle 54C
twisted gastrulation homolog 1 {Drosophila)
ol factory receptor 154
special AT-rich sequence binding protein 2
chaperonin containing Tcpl, subunit 3 (gamma)
ephrin B2
HLA-B-associated transcript 1A
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, gamma polypeptide
protein phosphatase 2 {formerly 2A), regulatory subunit A (PR 65), beta isoform
microtubul e-associated protein tau
RAN, member RAS oncogene family
caldesmon 1
transmembrane protein 80
zinc finger, AN1-type domain 2A
cystatinB
ELAV {embryonic lethal, abnormal vision, Drosophila)-like 2 {(Hu antigen B)
solute carrler family 44, member 4
Epstein-Barr virus induced gene 3
estrogen related receptor, beta
hect (hom dlogous to the E6-AP (UBE2A) carbaxyl terminus) domain and RCC1 {CHC1)-like domain (RLD) 2
chemokine {C-Cmotif) receptor 3
vineulin
synaptojanin 2
Casitas B-lineage lymphoma ¢
GTP binding protein 2
myosinIXb
zinc finger protein 185
guanylate cyclase activator 2a {guanylin
anoctamin 10
RAN binding protein 9
hypoxanthine guanine phosphoribosyl transferase
laminin B1
corticotropin releasing hormone receptor 1
H3 histone, family 38
spindle assembly 6 homol g (C. elegans)
RAB1, member RAS oncagene family
elongation of very long chain fatty acids (FEN1/Elo2, SUR4/E|03, yeast)-like 1
sphingomyelin phosphodiesterase 3, neutral
torsin A interacting protein2
gonadotropin rel easing hormone receptor
unc-5 homolog B (C. elegans)
family with sequence similarity 73, member B
nudix {nucleoside diphosphate linked molety X)-type motif 4
milk fat globule-EGF factor 8 protein
fasciculation and elongation protein zeta 2 {zygin Il
triosephosphate isomerase 1

4732418007RTk
Qyp4f1s
Naal5
Fkbp3
Sephs2
Trim35
Oaf
2fp598
Mobkl1a
Wwpl
Ryk
Mtdh
Suds3
Ube3a
Pdia4
Mtmrl0
Suzl2
Cd151
Fam83g
Slc6a8
Dnajc27
Cd151
Cded2
Mist8
Atrn
Cded2
Tdrd7
Cded2
Slc6ad
Keng2
Scg2
Capns1
Tspan3
Pgr
Pdyn
Adss
Nol6
Mboatl
Akt3
Whps
TRil
Fblim1

Crybal
SrpS4a /// Srp54b /// SrpS4c

Cald1
Tmem80
Zfand2a
Cstb
Elavi2
Slcddad
Ebi3
Esrrb
Herc2
Cer3
Vel
Synj2
Cle
Gipbp2
MyoSb
2fp185
Guca2a
Anol0
Ranbp9
Hprt
Lambl
Crhrl
H3f3b
Sassb
Rabl
Elovi1
Smpd3
Torlaip2
Gnrhr
Uncsb
Fam73b
Nudt4
Mfges
Fez2
Tpil

-0.241
-0.240
-0.237

-0.236

0.273

29



AFFX-Ga

1450534 x_at
1420820_at
1452246 _at
1418164 _at
1423816_at
1460412_at
1431697_at
1449885 _at
1433558 _at
1425305_at

1451967 x_at

1450191_a_at

1438650 _x_at

1427888_a_at

1417432_a_at
1423228 at
1419182 _at
1416897 _at

1416001 _a_at
1417960_at

1421751 _a_at
1424640_at
1450010_at

1456193 x_at
1452152 _at
1419942 _at

1438977 _x_at

1449670 _x_at

1435979 a_at

1421792_s_at

pdhMur/M32599_3 at
1430029_a_at
1428141 _at
1425156_at
1435830_a_at
1449682_s_at
1428699 _at
1415968_a_at
1448534_at
1423584_at
1450666_s_at

1426210 _x_at
1450011_at
1433883 at
1426540_at
1449110_at

1435270 x_at

1417358_s_at

1438958_x_at
1417435_at
1423630_at

1454086_a_at

1417702_a_at
1416004_at
1448870_at
1424784_at
1460318 _at

1449041 _a_at
1416230_at

1434578 _x_at

1427951_s_at
1418616_at
1436677_at

1449430_a_at
1420915_at
1416315_at
1450642_at
1439255_s_at
1421217_a_at
1450012_x_at
1460262_a_at
1416556_at
1437172_x_at

1418848_at
1439367 x_at
1450034_at
1448770_a_at
1422506_a_at
1450033_a_at
1452344 _at
1435680_a_at
1451511 _at
1451695_a_at
1449368_at
1451413 at
1419721 _at
1428465_at
1416304_at

Histocompatibility 2, K1, K region
RIKEN cDNA 2900073G15 gene
osteodlast stimulating factor 1
syntaxin 2
CAAX box 1 homolog A {human) /// CAAX box 1 homolag B {humary
fibulin 7
synaptojanin 2
transmembrane protein 47
disabled homolog 2 {Drosophila) interacting protein
zinc finger protein 295
karyopherin {importin} beta 1
SRY-box containing gene 13
gap junction protein, alpha 1
spectrin alpha 2
guanine nucleotide binding protein (G protein), beta 1
UDP-GalbetaGl beta 1,4-gal ansferase, polypeptide 6
sushi, von Willebrand factor type A, EGF and pentraxin domain containing 1
poly (ADP-ribose) polymerase family, member 9
coactosin-like 1 {Dictyostelium)
cytoplasmic polyadenyl ation elem ent binding protein 1
proteasome {prosome, macropain) 265 subunit, non-ATPase, 14
ADP-ribosylation factor-like 8A
hydroxysteroid (17-beta) dehydrogenase 12
glutathione peroxidase 4
clathrin interactor 1
Sulfiredoxin 1 homolog (S. cerevisiae)
RAN, member RAS oncogene family
G protein-coupled receptor 1378
myosin XVB
triggering receptor expressed on myeloid cells 2
glyceral dehyde-3-phosphate dehydrogenase
tetraspanin 31
golgi associated, gamma adaptin ear containing, ARF binding proteln 2
guanylate binding protein 6
RIKEN cDNA 5430435G22 gene
tubulin, beta 2a, pseudcgene 2 /// tubulin, beta 28
spermine synthase
kidney androgen regulated protein
signal-regulatory protein alpha
insulin-like growth factor binding protein 7
ataxin 10
poly (ADP-ribose) polymerase family, member 3
hydroxysteroid (17-beta) dehydrogenase 12
tropomyosin 4
endonuclease domain containing 1
ras homolog gene family, member B
N-6 adenine-specific DNA methyltransferase 2 {putative)
sorbin and SH3 domain containing 1
FK506 binding protein 1a
likeglycosyltransferase
cytoglobin
LIM domain only 2
histamine N-methyltransferase

tyrosine 3-monooxygenase/ tryptophan 5-monocxygenase activation protein, eta polypeptide

latent transforming growth factor beta binding protein 1
predicted gene 13139
cysteine andglycine-rich protein 3
thyroid hormone receptor interactor 6
ribofl avin kinase
RAN, member RAS oncogene family
coiled-coil domain containing 28A
v-maf musculoaponeurotic fibrosarcoma oncogene family, proteinK {avian)
RIKEN cDNA 1810032008 gene
trehalase (brush-border membrane glycoprotein)
signal transducer and activator of transeription 1
abhydrolase domain containing 4
SECIS binding protein 2-like
G protein-coupled receptor 1378 /// G protein-coupled receptor 1378, pseudogene
lectin, galactose binding, soluble 9

tyrosine 3-monoaxygenase/tryptophan 5-monooxygenase activation protein, gamma pol ypeptide

RIKEN cDNA 1700037H04 gene
tetraspanin 31
hydroxyacyl-Coenzyme A dehydrogenase/3-ketoacyl-Coenzyme A thiolase
/enoyl-Coenzyme A hycratase {trifunctional protein}, beta subunit
acuaporin 7
ADP-ribosylation factor 4
signal transducer and activator of transeription 1
ATPase inhibitory factor 1
cystatinB
signal transducer and activator of transeription 1
synaptojanin 2
dipeptidyl peptidase 7
3-hydroxyisobutyryl-Coenzyme A hydrolase
glutathione peroxidase 4
decorin
calpastatin
niacin receptor 1
transmembrane protein 147
LPS-induced TN factor

H2-K1
2900073G15Rik
Ostf1
Stx2
Gxla /// Cexdb
Fbin7
Synj2
Tmem47
Dab2ip
2fp295
Kpnb1
Sox13
Glal
Spna2
Gnbl
Bagalts
Svepl

Gapdh
Tspan31
Gga2
Gbp6
5430435G22Rik
Tubb2a-ps2 /// Tubb2b
Sms
Kap
Sirpa
lgfbp7
Atxnl10
Parpa
Hsd17b12
Tpmé4
Endod1
Rhob
Néamt2
Sorbs1
Fkbpla
Large
Cygb
Lmo2
Hnmt
Ywhah
Ltbpl
Gm13139
Csrp3
Trips
Rfk
Ran
Cedc28a
Mafk
1810032008Rik
Treh
Statl
Abhd4
Secisbp2!
Gpr137b /// Gpri37b-ps
Lgals9
Ywhag
1700037H04RTk
Tspan3l
Hadhb

Aqp7
Arf4
Statl

Atpifl
Cstb

0.310
0311
0.318
0.321
0.323
0.323
0.325
0.326
0.327
0.331
0.335
0.336
0.337
0.337
0.338
0.338
0.338
0.340

0.340
0341
0.342
0.343
0.344

0.347
0.347
0.349
0.350
0.351
0.352
0.353
0.358
0.358
0.359
0.360
0.361
0.362
0.363
0.364
0.365
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1436479_a_at
1424155_at
1423986_a_at
1417251 _at
1437992 x_at
1416658 _at
1451224 _at
1420997_a_at
1417355 _at
1417384 _at
1416808_at
1450985_a_at
1419401_at
1456196 _x_at
1455581 _x_at
1453939 x_at
1432827 x_at
1418714 _at
1424246_a_at
1422662_at
1448961_at
1450081_x_at
1429775_a_at
1415911_at
1426004_a_at
1425405_a_at
AFFX-GapdhMiur/M32598_M_at
1448184 _at
1438360_x_at
1427683 _at
1427685_a_at
1426064_at
1433702_at
1424138 _at
1416229 _at
1426098_a_at
1450429 _at
1421685 _at
1427079 _at
1416036_at
AFFX-GapdhMur/M32599_5_at
1450918_s_at
1418386_at
1437666_x_at
1415800_at
1428803 _at
1449072_a_at
1451421 _a_at
1422161 _at
1435454 a_at
1419704 _at

1423269 _a_at
1434814 x_at
1448491_at
1426376_at
1436320_at
1451036_at
1434380_at
1426434 _at
1418500_at
1426529_a_at
1422661 _at
1425826_a_at
1416101_a_at
1427345_a_at
1456733 _x_at
1426785_s_at
1418572_x_at
1417879 _at
1418595_at
1425065_at
1417112 _at
1439451 _x_at
1452227 _at
1439259 x_at
1419518 at
1434553 _at
1422609 _at
1426541 _a_at
1450767 _at
1448605_at
1448211_at
1418711 _at
1416868_at
1434866 _x_at
1450355_a_at
1422403_at

dipeptidyl peptidase 7
fatty acid binding protein 4, adipocyte
shisa homolog 5 {Xenopus laevis)
palmdelphin
gap junction protein, alpha 1
frizzled-related protein
secretory carrler membrane protein 5
glucose phosphate isomerase 1
paternally expressed 3
ectonudleoside triphosphate diphosphohydrolase 5
nidogen 1
tight junction protein 2
ankyrinrepeat and SOCS box-containing 13
FK506 binding protein 1a
hypothetical protein 9530028005
predicted gene 9706
ubiquitin €
dual specificity phosphatase 8
testis derived transcript
lectin, galactose binding, soluble 8
phospholipid scramblase 2
glucose phosphate isomerase 1

G protein-coupled receptor 1378 /// G protein-coupled receptor 1378, pseudogene

imprinted and ancient
transglutaminase 2, C polypeptide
adenosine deaminase, RNA-specific
glyceral dehyde-3-phosphate dehydrogenase
FK506 binding protein 1a

solute carrfer family 25 {mitochondrial carrier, adenine nucleotide translocator), member 5

early growth response 2
synaptojanin 2
cytochrome P450, family 3, subfamily a, polypeptide 44
r ic reticulum metallopeptidase 1
rhomboid family 1 (Drosophila)
ribofl avin kinase
calpastatin
calpain 6
C-type lectin domain family 4, member bl
microtubule-associated protein, RP/EB family, member 3
FK506 binding protein 1a
glyceral dehyde-3-phosphate dehydrogenase
Rous sarcoma oncogene
N-6 adenine-specific DNA methyltransferase 2 {putative)
ubiquitin C
gap junction protein, alpha 1
acyl-CoA thioesterase 6
N-6 adenine-specific DNA methyltransferase 2 {putative)
rogdi homolog {Drosophila)
sialic acid binding Ig-like lectin 1, sialoadhesin
cDNA sequence BC006779
cytochrome P45, family 3, subfamily a, polypeptide 41A
11/ cytochrome P450, family 3, subfamily a, polypeptide 418
neural precursor cell expressed, devel opmentally down-regulated gene 4-like
glucose phosphate isomerase 1
enoyl coenzyme A hydratase 1, peraxisomal
receptor accessory protein 5

spastic paraplegia 21 homolog {(human)
guanylate binding protein 6
transmembrane protein 43
nucleosome assembly protein 1-like 3
transgelin 2
lectin, galactose binding, soluble 8
sorbin and SH3 domain containing 1
histone cluster 1, Hlc
sulfotransferase family 1A, phenol-preferring, member 1
serine {or cysteine) peptidase inhibitor, clade H, member 1
moncglyceride lipase
tumor necrosis factor receptor superfamily, member 12a
neuron derived neurotrophic factor
perilipin 4
2'-5' oligoadenylate synthetase 2
ADP-ribosylation factor-like 2 binding protein
G protein-coupled receptor 1728
sel-1 suppressor of lin-12-like 3 (C. elegans)
abhydrolase domain containing 4
tubulin, alpha 8
transmembrane protein 56
cAMP-regulated phosphoprotein 19
endonuclease domain containing 1
neural precursor cell expressed, developmentally down-regulated gene 9
ras homol og gene family, member C
ATPase, H+ transporting, lysosomal VO subunit £2
platelet derived growth factor, alpha
cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4)
carnitine palmitoyltransferase 1a, liver
capping protein (actin filament), gelsolin-like
predicted gene 12597 /// predicted gene 13280 /// interferon alpha 1
/// interferon alpha 12 /// interferon alpha 5 /// interferon alpha 6

Dpp7
Fabp4
Shisas
Palmd
Gjal
Frzb
Scamp5
Gpi1
Peg3
Entpds
Nid1
Tip2
Asb13
Fkbpla
9530028C05
Gm 9706
Ubc
Dusp8
Tes
lgalsg
Plscr2
Gpi1
Gpri37b /// Gpri37b-ps
Impact
Tgm2
Adar
Gapdh
Fkbpla
Slc25a5
Egr2
Synj2
Cyp3add
Ermpl
Rhbdf1
Rfk
Cast
Capn6
Qecabl
Mapre3
Fkbpla
Gapdh
Src
N6amt2
Ubc
Glal
Acoth
Néamt2
Rogdi
Siglecl
BC006779
Cyp2adia /// Cyp3asdlb

Neddal
Gpi1
Echl

Reep5

Spg21

Gbpb6
Tmem43

Nap1l3

Tagln2

lgalsg

Sorbs1

Histlhlc

Sultlal

Serpinhl
Mgl
Tnfrsf12a
Nenf
Pling
Oas2
Arl2bp

Gpri72b

Sel1l3
Abhd4
Tuba8
Tmem56
Arppl9
Endod1
Neddd
Rhoc
Atp6v0e2
Pdsfa

Cdkn2ce
Cptia
Capg,

Gm12597 /// Gm13280 /// 1fnal /// fnal2 /// IfnaS
1111fna6 /// \fna7 /// \fna9 /// Ifrab

0.417
0.419
0.419
0.419
0.420
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1417703 at
1422576_at
1456542_s_at
1427895_at
1427489_at
1424399_at
1418825 _at
1416645_a_at
1460674 _at
1453836_a_at
1436737_a_at
1455908_a_at
1418069_at
1455900_x_at
1418260_at
1425351_at
1456466_x_at
1416444 _at

1422701_at
1418449_at
1415779_s_at
1426774 _at
1420726 x_at
1424373 at
1424354 _at
1434436_at
1437465_a_at
1426994_a_at
1426248 at
1438653 x_at
1416454 s_at
1421031_a_at
1417116_at
1449818 at
1418686_at
1426894 s_at
1420727_a_at
1421622_a_at
1417965_at
1448169_at
1426276_at
1417434 _at
1451336_at
1435525_at
1427878 _at
1423680_at
1443969_at
1434628_a_at
1456494 a_at
1425913 a_at
1448380_at
1421362_a_at
1426906_at
1419398_a_at
1451828 a_at
1460690_at
1420725_at
1435394 s _at
1424962 _at
1438001_x_at
1422824 s_at
1421679_a_at
1428066_at
1450127_a_at
1450696_at
1421998 at
1424921_at
1428635_at
1433531_at
1416591_at
1427838 _at
1423607_at
1435989 x_at
1449442_at
1438169_a_at
1429947_a_at
1448318 _at
1419658 _at
1424528 _at
1424638_at
1450843 _a_at
1448111 _at
1436172_at
1451860_a_at
1431805_a_at
1455918 at

/1/ interferon alpha 7 /// interferon alpha 9 /// interferon alpha B
poliovirus receptor-related 2
ataxin 10
glutaminyl-tRNA synthase (glutamine-hydrolyzing)-like 1
RIKEN cDNA 2310004N 24 gene
integrin alpha 8
uridine-cytidine kinase 1
immunity-related GTPase family M member 1
alpha fetoprotein
progestin and adipoQ receptor family member Vil
moncglyceride lipase
sorbin and SH3 domain containing 1
serine carboxypeptidase 1
apolipoprotein C-1I
transglutaminase 2, C polypeptide
hormonally upregulated Neu-assodiated kinase
sulfiredoxin 1 homol og (S. cerevisiae)
ataxin 10
elorgation of very long chain fatty acids (FEN1/El02, SUR4/El03, yeast)-like 2
p21 protein {Cdc42/Rac)-activated kinase 1
acyl-CoA synthetase | ong-chain family member 4
zeta-chain {T(R) associated protein kinase
ladinin
actin, gamma, cytoplasmic 1
poly {ADP-ribose) polymerase family, member 12
trimethyllysine hydroxylase, epsilon
armadillo repeat containing, X-linked 3
transmembrane protein 140
microrchidia 4
prolyl 4-hydroxylase, beta polypeptide
histone cluster 1, Hic
collagen, type1V, alpha 1
ataxin 10
actin, alpha 2, smooth muscle, aorta
RIKEN cDNA 2310016008 gene
solute carrier family 6 {neurotransmitter transporter, creatine), member 8
ATP-binding cassette, sub-family B (MDR/TAP), member 4
2'-5' oligoadenylate synthetase 1C
family with sequence similarity 102, member A
trimethyllysine hydroxylase, epsilon
Rapguanine nucleotide exchange factor {GEF) 4
pleckstrin homology domain containing, family A {phosphoinositide binding specific) member 1
keratin 18
interferon induced with helicase C domain 1
glycerol phosphate dehydrogenase 2, mitochondrial
lectin, galactose binding, soluble 4
potassium channel tetramerisation domain containing 17
RIKEN cDNA 0610010012 gene
fatty acid desaturase 1
insulin receptor substrate 2
rhophilin, Rho GTPase binding protein 2
tripartite motif-containing 30A /// tripartite motif-containing 300
spermatogenesis associated, serine-rich 2-like
lectin, galactoside-binding, soluble, 3 binding protein
fyn-related kinase
myeloid nuclear differentiation antigen Itke
receptor accessory protein 5
acyl-CoA synthetase | ong-chain family member 4
family with sequence similarity 195, member B
trimethyllysine hydroxylase, epsilon
ras homol og gene family, member C
transmembrane 4 superfamily member 4
receptor accessory protein 5
epidermal growth factor receptor pathway substrate 8
cydin-dependent kinase inhibitor 1A (P21}
coiled-coil domain containing 120
glucagon receptor
proteasome (prosome, macropain) subunit, beta type 9 (large multifunctional peptidase 2)
torsin family 3, member A
bone marrow stromal cell antigen 2
catechol-O-methyltransferase domain containing 1
acyl-CoA synthetase | ong-chain family member 4
RAB34, member of RAS oncogene family
tubulin, beta 24
lumican
keratin 8
peraxisomal biogenesis factor 11 alpha
FERM domain containing 48
2-DNA binding protein 1
perilipin 2
RIKEN cDNA C520025E04 gene
cell growth regulator with EF hand domain 1
cydin-dependent kinase inhibitor 1A (P21)
serine {or cysteine) peptidase inhibitor, clade H, member 1
cytidine 5'-triphosphate synthase 2
hypothetical protein 9530028005
tripartite motif-containing 30A
rhophilin, Rho GTPase binding protein 2
adrenergic receptor, beta 3

Purl2
Axn10
Qrsl1
2310004N 24Rik
I1ga8
Uckl
Irgm1
Afp
Pagr7
Vgl
Sorbs1
Scpepl
Apoc2
Tgm2
Hunk
Srxnl
Axnl0

Histlhlc
Col4al
Axnl0

Acta2
2310016Q08RTk
Slc6a8
Abcb4
Oaslc

Fam102a
Tmlhe

Rapgef4
Plekhal

Kri18
Ifih1
Gpd2
Lgals4
Ketd17
0610010012Rik
Fads1
Irs2
Rhpn2
Trim30a /// Trim30d
Spats2l
Lgalsabp
Frk
Mndal
Reep5
Acsl4
Fam195b
Tmlhe
Rhoc

Tm4sf4

Reep5
Eps8
Cdknla
Cede120
Gegr
Psmbg
Tor3a
Bst2
Comntdl
Acsl4
Rab34
Tubb2a
Lum
Krtg
Pex1la
Frmdab
Zbpl
Plin2
C920025E04RTk
Cgrefl
Cdknla
Serpinhl
Ctps2
9530028005

Trim30a
Rhpn2

Adrb3
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1451680_at
1417961 _a_at
1429159_at
1417757_at
1425048 _a_at
1420647_a_at
1418280_at
1423691 x_at
1417860_a_at
1449363 _at
1426989_at
1424072_at
1451168_a_at
1454078_a_at
1449025_at
1431501_s_at
1450061_at
1438676_at
1416431_at
1417982_at
1453128 at
1451777 _at
1418392 a_at
1453196 _a_at
1417266_at
1451488 _at
1423933 a_at
1426875_s_at
1449984 at
1433508 _at
1417981 _at
1453181 x_at
1424518 at
1424007_at
1427002_s_at
1424140_at
1449968 s_at
1418073_at
1451426_at
1450352_at
1436186_at
1448272_at
1427742_a_at
1425964 x_at
1451780_at
1422943 a_at
1416250_at
1452661_at
1418293 at
1417980_a_at
1416021_a_at
1425567_a_at
1449757 x_at
1460351_at
1456642_x_at
1429527_a_at
1420715_a_at
1419031_at
1416762_at
1418123 _at
1418580_at
1436890_at
1436504 _x_at
1452277_at
1424339 _at
1422804 _at
1450484 _a_at
1427912_at
1429379_at
1425120 x_at
1416022_at
1417389_at
1417244 a_at
1419001 _a_at
1420603 s_at

1450545_a_at
1448694 _at
1435792_at
1449325_at
1420835_at
1424626_at
1417761 _at
1451263 a_at
1423555_a_at
1417023 a_at
1424775_at
1417185_at
1450018 s_at

sulfiredoxin 1 homol og (S. cerevisiae)
tripartite motif-containing 30A
inter-alpha {globulin) inhibitor HS
unc-13 homolcg B (C. elegans)
solute carrier family 25, member 30
keratin 8
Kruppel-like factor 6
keratin 8
spondin 2, extracellular matrix protein
activating transcription factor 3
calsyntenin 3
RIKEN cDNA 2010107G23 gene
Rho GDP dissociation inhibitor (GDI) alpha
galactose-3-O-sulfotransferase 1
interferon-induced protein with tetratricopeptide repeats 3
predicted gene 9706 /// 1SG15 ubiquitin-like m odifier
ectodermal-neural cortex 1
macrophage activation 2 like
tubulin, beta 6
insulininduced gene 2
lymphatic vessel endothelial hyaluronan receptor 1
DEAD {Asp-Glu-Ala-Asp) box polypeptide 60
guanylate binding protein 3
2'-5 oligoadenylate synthetase-like 2
chemokine (C-C motif} ligand 6
fat storage-inducing transmembrane protein 1
RIKEN cDNA 1600029021 gene
sulfiredoxin 1 homol og (S. cerevisiae)
chernokine {C-X-C motif) ligand 2
Kruppel-like factor 6
insulininduced gene 2
phospholipid scramblase 1
apolipoprotein L 9a /// apolipoprotein L 9b
growth differentiation factor 10
arylsulfatase G
galactose-4-epimerase, UDP
acyl-CoA thioesterase 10 /// acyl-CoA thioesterase 9
acyl-CoA thicesterase 9
DEXH (Asp-Glu-X-His) box polypeptide 58
melatonin receptor 1A
E2F transcription factor 8
B-cell translocationgene 2, anti-proliferative
Kruppel-like factor 6
heat shock protein 1
B-cell linker
heat shock protein 1
B-cell translocationgene 2, anti-proliferative
transferrinreceptor
interferon-induced protein with tetratricopeptide repeats 2
insulininduced gene 2
fatty acid binding protein 5, epidermal /// predicted gene 2601
annexin A5
deoxynucleoticyltransferase, terminal
5100 calcium binding protein A11 {calgizzarin
5100 calcium binding protein A10 {calpactin}
phospholipid scramblase 1
peroxisome proliferator activated receptor gamma
fatty acid desaturase 2
$100 calcium binding proteln A10 {calpactin}
unc-119 homolog {C. elegans)
receptor transporter protein 4
UDP-N-acteylglucosamine pyrophosphorylase 1-like 1
apolipoprotein A-IV
arylsulfatase G
2'-5' dligoadenylate synthetase-like 1
serine {or cysteine) peptidase inhibitor, clade B, member 6b
cytidine monophosphate {UMP-OMP) kinase 2, mitochondrial
carbonyl reductase 3
lymphatic vessel endothelial hyaluronan receptor 1
interferon, alpha-inducible protein 27 Ike 28
fatty acid binding protein 5, epidermal
glypican1
interferon regulatory factor 7
annexin A2

Srxnl
Trim30a
1th5
Unc13b
Slc25a30
Krt8
Kife
Krt8
Spon2
Atf3
dstn3
2010107G23Rik
Arhgdia
Gal3stl
Ifit3
Gma706 /// 1sg15

1600029D21Rik
Smnl
Cxcl2
Kife
Insig2
Plscrl
Apol9a /// ApolSb
Gdf10
Arsg
Gale
Acot10 /// AcotS
Acot
Dhx58
Mtnrla
E2f8
B2
Kife
Hspbl
Bink
Hspb1
B2
Tfre
Ifit2
Insig2
Fabp5 /// Gm3601
Arxa5
Dntt
$100a11
5100210
Plscrl
Pparg
Fads2
5100210
Uncl19
Rtp4
Uaplll
Apoad
Arsg
Oasl1
Serpinbéb
cmpk2
Chr3
Lyvel
Ifi2712b
Fabps
Gpcl
Irf7
A

rxa2
retinoic acid early transcript 1, alpha /// retinoic acid early transcript beta /// retinoic acid early transcriptgamma Raetla /// Raetlb /// Raetlc /// Raetld /// Raetle

/11 retinoic acid early transcript delta /// retinoic acid early transcript 1€

deoxynucleotidyl ransferase, terminal
Jun oncogene
component of Sp100-rs /// predicted gene 7592
fatty acid desaturase 2
solute carrier family 25, member 30
RIKEN cDNA 2010003K11 gene
apolipoprotein A-IV
fatty acid binding protein 4, adipocyte
interferon-induced protein 44
fatty acid binding protein 4, adipocyte
2'-5' oligoadenylate synthetase 1A
lymphocyte antigen 6 complex, locus A
solute carrier family 25, mernber 30

Dntt
Jun
Csprs /// Gm7592
Fads2
Slc25a30
2010003K11RTk
Apoad
Fabp4
|fi44
Fabp4
Oasla
Lyba
Slc25a30

1118
1121
1140
1150
1156
1159
1163
1.168
1177
1177
1.180
1181
1.184
1187
1.202
1.210
1213
1219
1.260
1.261
1.263
1.263
1271

1.274
1298
1332
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1417409 _at Jun oncogene Jun 1.601 0.000

1419573_a_at lectin, galactose bindirg, soluble 1 lgals1 1602 0.000
1460406_at plastin 1 (I-isoform) Pls1 1613 0.000
1455439 _a_at lectin, galactose binding, soluble 1 Lgals1 1.622 0.001
1418486_at vaninl Vnnl 1.630 0.005
1416930_at lymphocyte antigen 6 complex, locus D Ly6d 1648 0.000
1427474 _s_at glutathione S-transferase, mu 3 Gstm3 1.683 0.001
1426278 at interferon, alpha-inducible protein 27 like 2A Ifi2712a 1721 0.000
1449153 at matrix metallopeptidase 12 Mmp12 1729 0.000
1420836_at solute carrier family 25, member 30 Sle25a30 1.761 0.000
1418918 _at insulin-like growth factor binding protein 1 Igfbp1 1.904 0.005
1417256_at matrix metallopeptidase 13 Mmp13 1.914 0.000
1452260_at cell death-inducing DFFA-like effector ¢ Cidec 1.998 0.006
1419504_at monoacylglycerol O-acyl transferase 1 Mogatl 2158 0.002
1418191_at ubiquitin specific peptidase 18 Uspl8 2182 0.000
1418712_at (DC42 effector protein (Rho GTPase binding) 5 Cdcd2eps 2224 0.000
1417017_at cytochrome P450, family 17, subfamily a, polypeptide 1 Cypl7al 2.631 0.001

Table 1. The list of the gene expression changes in the livers of SIRT7 KO mice
compared to in the livers of WT control mice from the microarray analysis.
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m_ Fold Change

Growth Hormone Receptor
Fibroblast Growth Factor 1 Fgf1

Epidermal Growth Factor Receptor Egfr
Fibroblast Growth Factor Receptor4  Fgfrd

Prolactin Receptor Prir
IGF Binding Protein, Acid Labile Igfals
IGF Binding Protein 3 Igfbp3
IGF Binding Protein 1 Igfbp1
IGF Binding Protein 7 Igfbp7
IGF Binding Protein 6 Igfbp6

-1.3

-1.58
-1.39
-1.87
-2.64
-1.64
-2.16

3.74

1.28
1.19

0.0018
0.02
4.16E-06
0.0009
0.0003
0.04

0.0048

0.005
0.04

Table 2. Differentially expressed genes related to the GH/IGF-1 signaling pathway in the livers
of SIRT7 KO mice compared to in the livers of WT control mice from the microarray analysis.
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Gene Title Gene Binding Region
Symbol

I3E1 Reospior IGFIR Enhancer

IOEZ WRNA Boding Frotels | IGF2BP1  Promoter/Enhancer
JOER A Biniig Eyouis 3 IGF2BP3  Promoter/Enhancer
IGF2 Receptor IGF2R Promoter/Enhancer
IGF Binding Protein 3 IGFBP3 Promoter/Enhancer
IS Blnding Frotin 4 IGFBP4  Promoter/Enhancer
IGF Binding Protein 6 IGFBPG a
IGF Like Family Member 4 ek i
IGF Like Family Receptor 1

IGFLR1 Enhancer

Table 3. A summary of IGF-related genes as ATF3 targets based on ChIP sequencing analysis
using the Harmonizome web portal revealing ATF3 bindings to the promotors or enhancers of
IGF-related genes.
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Appendix: Materials and Methods
Mice

SIRT7-/- mice have been described previously [3,4]. All mice were housed on a 12:12 hr
light:dark cycle at 25°C. All animal procedures were in accordance with the animal care
committee at the University of California, Berkeley. Oxygen consumption was measured with
the Oxymax-Comprehensive Laboratory Animal Monitoring System (Columbus Instruments) for
2 days. Mice were fasted for the first day and fed for the second day.

Immunohistochemistry

Tissue processing and immunohistochemistry was performed on free-floating sections. Briefly,
mice were transcardially perfused with 10 ml of PBS with 10 U/ml of heparin and then with 40
ml of PBS with 4% formaldehyde. Brains were extracted and incubated in PBS with 4%

formaldehyde at 4°C for a day. The brains were transferred into PBS with 15% at 4°C for 6 hr

and then transferred into PBS with 30% at 4°C for a day before cutting. Brains were then

sectioned coronally at 40 um with a cryomicrotome (Leica Camera, Inc.) and stored in
cryoprotective medium. The brain sections were pre-treated with 2N HCI at 37°C for 30 min
before incubation with primary antibody. Primary antibodies were: mouse anti-Dcx (1:200; Santa
Cruz), rat anti-BrdU (1:5000, Invitrogen), goat anti-Sox2 (5ug/ml, Biolegend), mouse anti-NeuN
(1:500, Millipore) and rabbit anti-S100 (1:1500, Biolegend). After overnight incubation,
primary antibody staining was revealed using TSA plus biotin kit (PerkinElmer) or fluorescence
conjugated secondary antibodies. To estimate the total number of Dcx or Sox2 positive cells per
DG immunopositive cells in the granule cell and subgranular cell layer of the DG were counted
in every sixth coronal hemibrain section through the hippocampus and multiplied by 12.

BrdU experiments

For a 1-day BrdU experiment, mice were given 1 intraperitoneal injection of BrdU (50 mg/kg
body weight) per day for 3 days and euthanized 24hr after the final injection. For a 4-weeks
BrdU experiment, mice were given 1 intraperitoneal injection of BrdU (50 mg/kg body weight)
per day for 5 days and euthanized 28 days after the final injection.

Morris Water Maze

Mice were trained on the MWM [95] with four trials per day over 5 to 7 days. The tank diameter
was 122cm and the platform was hidden 1 cm below the surface of water made opaque with
white nontoxic paint. Starting points were changed every day. Each trial lasted either until the
mouse found the platform or for 60 seconds. Mice rested on the platform for 10 seconds after
each trial. 24 hours and 72 hours after the last training session on day 5 or 7, the platform was
removed for a 60 seconds probe trial. Swim path length and speed were recorded (Ethovision;
Noldus Information Technology, Wageningen, The Netherlands).
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Affymetrix microarray and pathway analysis

Total RNA was isolated from the livers of wild type and SIRT7-/- mice using an RNA isolation
kit (Qiagen). Microarray hybridizations were performed at the University of California, Berkeley
Functional Genomics Laboratory using Affymetrix GeneChip mouse 430As according to the
instructions of the manufacturer (Affymetrix). RMA normalization was applied and the limma
packagewas used to identify the differentially expressed genes. Differentially expressed genes
were selected using the Benjamini-Hochberg method to control the FDR at 15%. DAVID v6.8
(https://david.nciferf.gov/) was used to find significantly enriched KEGG pathways and gene
ontology (GO) terms.

Quantitative Real-Time PCR

RNA was isolated from cells or tissues using Trizol reagent (Invitrogen) following the
manufacturer’s instructions. cDNA was generated using the qScript cDNA SuperMix (Quanta
Biosciences). Gene expression was determined by quantitative real time PCR using Eva qPCR
SuperMix kit (BioChain Institute) on an ABI StepOnePlus system. All data were normalized to
GAPDH expression.

AAV8-mediated gene transfer

For AAV8-mediated gene transfer to the mouse liver, SIRT7 or Myc knockdown target sequence
was cloned into dsAAV-RSVeGFP-U6 vector. AAVS for overexpressing SIRT7 or knocking
down Myc was produced by Vigene biosciences. AAVS for knocking down ATF3 was acquired
from Vector biolabs. Myc knockdown target sequence: 5’-CCCAAGGTAGTGATCCTCAAA-
3’. ATF3 knockdown target sequence: 5’-TGCTGCCAAGTGTCGAAACAA-3’. Each mouse
was injected with 3 x 10'! genome copies of virus via tail vein. Mice were characterized four
weeks after viral infection.

IGF1 level

To detect free IGF-1 in plasma, the plasma was pretreated with acid-ethanol extraction solution
and plasma IGF-1 was detected using IGF-1 Mouse ELISA Kit (Invitrogen).

Statistical Analysis

Mice were randomized to groups and analysis of mice and tissue samples was performed by
investigators blinded to the treatment or the genetic background of the animals. Statistical
analysis was performed with t test (Excel). The statistic of MWM was performed with t-test or 2-
way ANOVA (prism). The statistic of gene length analysis was performed with two-way
ANOVA (Excel). Data are presented as means and error bars represent standard errors. In all
corresponding figures, * represents p < 0.05. ** represents p < 0.01. *** represents p <0.001. ns
represents p > 0.05. Replicate information is indicated in the figures.
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Antibodies Source Catalog #
BrdU Invitrogen MA1-82088
Sox2 Biolegend 651902

Dcx Santacruz OASGO02231
NeuN Millipore MAB377
S100B Invitrogen 701340
p-elF2a Invitrogen 44728G
p-Akt (Serd73) CST 9271

p-Akt (Thr308) CST 9275

Akt CST 9272

Actin Sigma A2066

Antibodies used in this study

Gene Primer Sequence
GAPDH | Forward ACCCAGAAGACTGTGGATGG
Reverse ACACATTGGGGGTAGGAACA
GHR Forward ATTCACCAAGTGTCGTTCC
Reverse TCCATTCCTGGGTCCATTCA
FGF1 Forward GGCCAGAAAGCCATCTCGTTT
Reverse TAGCGCAGCCAATGGTCAA
EGFR Forward GGAAACCGAAATTTGTGCTACG
Reverse GCCTTGCAGTCTTTCTCAGCTC
FGFR4 | Forward GGCTATGCTGTGGCCGCACT
Reverse GGTCTGAGGGCACCACGCTC
IGFBP1 | Forward TCGCCGACCTCAAGAAATGG
Reverse GGATGTCTCACACTGTTTGCT
IGF-1 Forward TGCTTGCTCACCTTCACCA
Reverse CAACACTCATCCACAATGCC
IGFBP3 | Forward AACATCAGTGAGTCCGAGG
Reverse AACTTTGTAGCGCTGGCTG
IGF-1R | Forward ACGACAACACAACCTGCGT
Reverse AACGAAGCCATCCGAGTCA
ATF3 Forward AGCCTGGAGCAAAATGATGCTT
Reverse AGGTTAGCAAAATCCTCAAACAC

Primer sequences for qPCR used in this study





