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Abstract

Introduction—NR4AL (TR3, Nur77) is a member of the nuclear receptor superfamily of
transcription factors and there is evidence that this receptor is highly expressed in multiple tumor
types. Moreover, RNA interference studies indicate that NR4A1 exhibits growth promoting,
angiogenic and prosurvival activity in most cancers.

Areas Covered—This review summarizes studies on several apoptosis-inducing agents that
activate nuclear export of NR4A1 which subsequently forms a mitochondrial NR4A1-bcl-2
complex that induces the intrinsic pathway for apoptosis. Cytosporone B and related compounds
that induce NR4A1-dependent apoptosis in cancer cells through both modulation of nuclear
NR4A1 and nuclear export are also discussed. A relatively new class of diindolylmethane analogs
(C-DIMs) including 1,1-bis(3’-indolyl)-1-(p-methoxyphenyl)methane (DIM-C-pPhOCHS3)
(NR4AL1 activator) and 1,1-bis(3’-indolyl)-1-(p-hydroxyphenyl)methane (DIM-C-pPhOH)
(NR4AL deactivator) are discussed in more detail. These anticancer drugs (C-DIMs) act strictly
through nuclear NR4A1 and induce apoptosis in cancer cells and tumors.

Expert Opinion—It is clear that NR4A1 plays an important pro-oncogenic role in cancer cells
and tumors, and there is increasing evidence that this receptor can be targeted by anticancer drugs
that induce cell death via NR4A1-dependent and -independent pathways. Moreover, since many of
these compounds exhibit relatively low toxicity, they represent an important class of mechanism-
based anticancer drugs with excellent potential for clinical applications.

1. Introduction

The nuclear receptor (NR) superfamily of transcription factors contains 48 members which
exhibit significant structural similarities [1-4]. NRs contain an N-terminal domain (A/B),
zinc finger DNA-binding domain (C), an adjacent hinge (D), and a C-terminal ligand-
binding domain (E/F), and both N- and C-terminal domains may also contain activation
functions (AFs) necessary for transactivation. NRs have been divided into three major
classes which include endocrine receptors which have known endogenous ligands, adopted
orphan receptors which have endogenous or synthetic ligands, and orphan receptors for
which no endogenous ligands have been identified [5]. NR4A receptors are a subset of
adopted orphan receptors which include NR4A1L (Nur77, TR3, NGFI-B), NR4A2 (Nurrl)
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and NR4A3 (NOR-1); these receptors exhibit 91-95% and approximately 50% homology in
their DNA binding and C-terminal ligand binding domains, respectively, but have different
N-terminal domains [6-8]. NR4A receptors are early-immediate genes induced by stimuli/
stressors and their function in cellular homeostasis are continually being identified [9, 10].
In addition, NR4A receptors and particularly NR4A1 are important in carcinogenesis and
these orphan receptors are exciting and novel targets for development of new mechanism-
based anticancer drugs [11].

2. Expression and Function of NR4A1 in Cancer Cells and Tumors

A systematic study of NR4AL expression in multiple human tumors has not been
determined; however, Immunostaining of pancreatic, bladder and colon tumors and non-
tumor tissues show that expression is higher in tumors [12-15]. For example, 80% of human
pancreatic tumors exhibited moderate to high immunostaining for NR4A1, whereas in
approximately 80% of non-tumor pancreatic tissues, the receptor could not be detected [15].
In a carcinogen-induced mouse colon tumor model, NR4A1 was induced in the tumors but
not in surrounding non-tumor tissue, suggesting a possible role for NR4A1 in colon
tumorigenesis [14]. The overexpression of NR4A1 in human and murine tumors is
consistent with the expression of this receptor in cells derived from breast, lung, colon,
prostate, bladder, pancreatic, gastric, ovarian, melanoma, neuronal, and cervical tumors [12—
25]. Knockdown or overexpression of NR4A1 has also provided insights on NR4A1
function in various cancer cell lines. For example, knockdown of NR4A1 in pancreatic
cancer cells decreases cell growth and induces apoptosis and this is accompanied by
downregulation of survivin and bcl-2 and induction of caspase-3 and PARP cleavage [15].
Results of knockdown or overexpression of NR4A1 in cervical, lymphoma, lung and colon
cancer and melanoma cells suggest that this receptor exhibits pro-oncogenic activity and
enhances either survival and/or cell proliferation [14, 22, 23, 26, 27] and decreased
expression also inhibited cancer cell transformation [23]. There is also evidence that NR4A1
plays an important role in angiogenesis in human umbilical vein endothethial cells and
gastrointestinal tumors [28, 29]. NR4A1 also inhibited retinoid-induced anticancer activity
in lung cancer cells and this activity may be due, in part, to inhibition of RXR signaling [30,
31]. In contrast, overexpression of NR4AL in breast cancer cell lines inhibited cancer cell
migration and this correlated with the low expression of this receptor in more highly
metastatic mammary tumors [24]. Microarray studies of several solid tumors showed that
NR4A1 mRNA levels were decreased in metastatic human lung, breast, prostate, colorectal,
uterine and ovarian tumors compared to primary tumors [32]. Thus, the pro-oncogenic
activity and expression levels of NR4A1 mRNA or protein may be variable and dependent
on tumor type, cell context and tumor stage, and further research is required to resolve these
issues.

3. NR4Al as a Drug Target via Nuclear Export

Zhang has summarized a novel and exciting drug-dependent pro-apoptotic pathway
associated with nuclear export of NR4A1 [11]. 6-[3-(1-Adamantyl)-4-hydroxyphenyl]-2-
naphthalene carboxylic acid (AHPN or CD437) is a caged retinoid (Fig. 1) that induces
NR4A1 expression in cancer cell lines and this is accompanied by cancer cell death [16, 17,
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27, 30, 31, 33-37]. Drug-induced apoptosis is not due to direct binding to NR4A1 and is
independent of retinoic acid receptors but is abrogated after knockdown of NR4A1 [11].
Overexpression of wild-type and deletion variant forms of NR4A1 demonstrated that
CD437-induced apoptosis was not dependent on the DNA-binding domain of NR4A1 but
was blocked by leptomycin B, an inhibitor of nuclear protein export [35, 37]. Subsequent
studies showed that drug-induced nuclear export of NR4A1 resulted in formation of a pro-
apoptotic mitochondrial NR4A1-bcl-2 complex which induced opening of the mitochondrial
permeability transition pore channel, release of cytochrome c, and subsequent activation of
the apoptosome [35, 37]. NR4AL interaction with bcl-2 induced a conformation change in
bcl-2, resulting in exposure of its BH3 domain which is required for apoptotic activity.
Kolluri and coworkers [38] have identified a nonapeptide derived from NR4A1 which
interacts with bcl-2 and exposes the BH3 domain to convert bcl-2 into an apoptotic complex,
and Paclitaxel, a taxane-derived anticancer drug, exhibits similar activity [39]. These results
clearly demonstrate important new concepts for inducing apoptosis in cancer cells in which
NR4A1 mimics can be developed for future clinical applications.

Moreover, a large number of agents that activate apoptosis also induce NR4A1 expression
and/or export, and these include 5-fluorouracil, sulindac, HDAC inhibitors, calcium
ionophores, cadmium, tin derivatives, cytosporone B (Fig. 1) and related analogs, n-
butylenephthalide, acetylshikonin derivatives, phorbol ester (TPA), butyrate, viruses, VP16,
insulin-like growth factor binding protein 3 (IGFBP3), and synthetic chenodeoxycholic acid
derivatives, [18, 19, 40-48]. Moreover, in colon cancer cells, butyrate-induced apoptosis
was associated with nuclear export of NR4A1 to the cytosol and not mitochondria [41].
These results demonstrate the complexity of drug-induced apoptosis that is related to nuclear
export of NR4A1 and further studies are required to define these pathways and undoubtedly
this will result in new approaches for anticancer drug development.

Cytosporone B (CsnB) (Fig. 1) and related compounds represent a novel subclass of
NR4A1-dependent pro-apoptotic compounds in cancer cells [49, 50]. CsnB induces NR4A1
expression and this is accompanied by nuclear export of the receptor; however, the function
of extranuclear NR4A1 has not been fully investigated. In contrast, to other apoptosis-
inducing agents such as CD437, CsnB binds to nuclear NR4A1 and decreases expression of
brain- and reproductive organ-expressed (BRE) protein, an anti-apoptotic protein [49]. This
response is due to altered transcription of BRE by the liganded nuclear receptor,
demonstrating the CsnB and related compounds modulate NR4A1-dependent extranuclear
and nuclear pathways.

Although the pathways associated with nuclear export of NR4A1 to mitochondria and
subsequent apoptosis have been well documented [11], the factors required for nuclear
NR4A1 export and the extranuclear location of the receptor may be cell context and drug-
dependent. For example, in different cell lines, there is some variability with respect to
specific kinases and the requirement for RXR in mediating nuclear export of NR4A1 [17,
19, 27, 33, 34, 51-55]. One study showed that in gastric cancer cells, both RXRa and
NR4A1 were both localized in the nucleus and after treatment with 9-cis-retinoic acid, both
receptors were translocated from the nucleus to the cytoplasm [51]. NR4AL1 subsequently
becomes associated with mitochondria but RXRa was not required for mitochondrial-
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NR4AL1 interactions. RXR was also required for nuclear-mitochondrial targeting of NR4A1
in LNCaP and HEK293T cells [33]; however, in this study, the RXR-NR4AL1 heterodimer
interacted with mitochondria and 9-cis-retinoic acid inhibited the response. Thus, the effects
of the RXR agonist 9-cis-retinoic acid were remarkably dependent on cell context. Trans-
retinoic acid inhibited growth but did not induce apoptosis (or NR4A1 expression) or
nuclear export of NR4AL in gastric cancer cells and it was concluded that the growth
inhibition was due to nuclear NR4A1 [19]. In contrast, the synthetic retinoid, fenretinide
induced apoptosis in liver cancer cells and this was due to induction of NR4A1 and its
subsequent interaction with mitochondria [55].

The interplay between retinoids and their receptors clearly plays an important role in
NR4A1 nuclear export and interactions with mitochondria that results in induction of
apoptosis. Recent studies in hepatocellular carcinoma demonstrate a proapoptotic role for
NR4A1 which resembles the drug-induced responses noted above [56, 57]. The
chromodomain helicase/adenosine triphosphatase DNA binding protein 1-like (CHD1L)
gene exhibits oncogenic activity for hepatocellular carcinoma and enhances survival of
hepatocellular carcinoma cells. This activity of CHD1L has been linked to interactions with
nuclear NR4A1 and inhibition of NR4A1 nuclear export and subsequent receptor-mediated
apoptosis [56, 57], demonstrating ligand-independent regulation of the apoptotic activity of
NR4A1 through expression of an endogenous gene.

4. Nuclear NR4A1 as a Drug Target

4.1 Modulation of nuclear receptor-dependent activity by analogs of 1,1-bis(3’-
indolyl)methane (DIM)

1,1-Bis(3’-indolyl)-1-(p-substituted phenyl)methanes (C-DIMs) (Fig. 1) are triarylmethane
derivatives of 1,1-bis(3’-indolyl)methane (DIM) which is an acid-catalyzed metabolite of
indole-3-carbinol (13C), a major chemoprotective phytochemical present in cruciferous
vegetables [58, 59]. Both DIM and 13C exhibit a broad spectrum of anticancer activities in
multiple tumor types, and DIM binds and activates/inactivates the estrogen, androgen and
aryl hydrocarbon (AhR) receptors [60-64]. Methylene-substituted DIMs (C-DIMs) were
initially synthesized in this laboratory during studies on DIM and several ring-substituted
DIMs as AhR agonists and partial antagonists and the C-DIMs served as negative controls
since it was assumed that addition of the bulky phenyl substituent would abrogate AhR
binding. C-DIMs did not bind the AhR; however, initial testing showed that like DIM,
several C-DIM analogs inhibit carcinogen-induced rat mammary tumor growth [65]. A
screening set of C-DIMs containing different para-substituents identified the p-
trifluoromethyl (DIM-C-pPhCF3), t-butyl (DIM-C-pPhtBu), phenyl (DIM-C-pPhCgHs), and
cyano (DIM-C-pPhCN) analogs as activators of peroxisome proliferator-activated receptor y
(PPARY) that inhibited growth of breast, colon, bladder, ovarian, cervical, endometrial,
prostate, lung, pancreatic and kidney cancer cells and/or tumors in murine xenograft or
orthotopic models [65-77]. It was also observed that most of anticancer activities of PPARy-
active C-DIMs were receptor-independent and involved perturbation of mitochondria [67],
induction of endoplasmic reticulum (ER) stress [78-80], and activation of multiple kinase
pathways including stress kinases [71, 78-81]. However, the receptor-dependent and -
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independent activities of PPARy-active C-DIMs did not account for the potent anticancer
activities of other C-DIM analogs, and this has resulted in identification of other receptors
targeted by C-DIMs.

4.2 Activation of nuclear NR4A1

The limited role of PPARYy in mediating the anticancer activities of C-DIMs prompted
further studies on the potential role of other NRs in mediating the effects of these
compounds in cancer cell lines. The same set of C-DIM compounds was used for screening
several orphan receptors that are linked to pro-apoptotic/growth inhibitory pathways. Results
of transactivation studies using mouse GAL4-Nr4al constructs [82] identified C-DIMs that
activated Nrdal [12, 13, 83], and the p-methoxy derivative (DIM-C-pPhOCHS3) has been
used as a prototype. Transfection with the mouse constructs resulted in relatively high
induction responses; however, using GAL4-NR4A1 (human) chimeras, DIM-C-pPhOCHj;
and DIM-C-pPhH induced only a 2- to 3-fold response in Pancl cells and similar results
were observed using NBRE-luc and NuRE-luc constructs (Fig. 2). The NBRE-luc construct
contains three tandem AAGGTCA sequences linked to a luciferase reporter gene and the
NURE-luc construct contains three tandem pro-opiomelanocortin Nur77 response elements
(TGATATTTACCTCCAAATGCCA) linked to a luciferase reporter gene. The NBRE and
NuRE sequences bind NR4A1 as a monomer and homodimer, respectively [84, 85]. Like
other C-DIMs, DIM-C-pPhOCHg3 induced receptor-independent pro-apoptotic responses
[86]; however, treatment of bladder, colon and pancreatic cancer cells with this compound
enhanced expression of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), a
death receptor ligand, and transfection with a small inhibitory RNA against NR4A1
(SiINR4A1) decreased induction of TRAIL [12, 13, 83]. In contrast to results obtained with
CDA437 and other apoptosis-inducing agents, DIM-C-pPhOCH3 did not enhance expression
of NR4A1 and did not induce nuclear export of this receptor. DIM-C-pPhOCH3-induced
apoptosis was also observed in the presence or absence of leptomycin B, confirming that
NR4A1-dependent responses were due to nuclear localization of the receptor. Moreover, the
induction of growth inhibitory/pro-apoptotic genes by DIM-C-pPhOCH3 was accompanied
by inhibition of growth and induction of apoptosis in cancer cell lines and tumors [12, 13,
83, 86].

p21 expression was induced in pancreatic cancer cells treated with DIM-C-pPhOCHj3 and
transfection with siNR4A1 decreased the induction response [87]. However, inspection of
the p21 promoter did not reveal putative NURES or NBREs and deletion analysis of the
promoter showed that the proximal GC-rich region of the promoter was NR4A1-responsive.
RNA interference and chromatin immunoprecipitation (ChlP) assays showed that induction
of p21 in pancreatic cancer cells by DIM-C-pPhOCH3 was associated with formation of an
NR4A1/Spl and NR4A1/Sp4 complex bound to the proximal GC-rich promoter of the p21
gene [87]. These results are comparable to induction of p21 by PPARY/Sp4 interaction with
the GC-rich promoter region [67] and this mechanism of p21 activation has been observed
for other NRs [88-90].

Microarray experiments in bladder, prostate, colon and pancreatic cancer cells show that
DIM-C-pPhOCH3; induced genes were associated with growth inhibition, apoptosis,
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metabolism and homeostasis, signal transduction, protein folding, stress, transport and other
functional categories and a similar diversity of induced gene functional groups were
observed in other cancer cell lines [12, 13 and unpublished results]. Only 19 genes were
induced by DIM-C-pPhOCHg3 in all 4 cell lines (Table 1) and the receptor-dependent and -
independent activation/deactivation of these genes is currently being investigated. The role
of NR4A1 in mediating induction of selected pro-apoptotic/growth inhibitory genes in colon
and bladder cancer cells has been investigated by RNA interference (Fig. 3) [12, 13].
Induction of these genes by DIM-C-pPhOCH3 is cell context-dependent and with the
exception of GDF15 (NAG-1) and ATF3, transfection of siNR4AL1 significantly decreased
induction of the cystathionase (CSE), p21, p8, sestrin 2 (SESN2) and programmed cell death
1 (PDCD1) genes in one or both cell lines. Surprisingly, NR4A1 knockdown enhanced
ATF3 expression indicating that the receptor may constitutively repress ATF3, whereas
induction of GDF15 by DIM-C-pPhOCHj5 is receptor-independent. Induction of CSE by
DIM-C-pPhOCH3 was NR4A1-dependent in bladder but NR4A1-independent in colon
cancer cells [12, 13]. Thus, induction of NR4A1-dependent genes by DIM-C-pPhOCH3 was
highly dependent on the cancer cell line, and differences were observed in cell lines derived
from the same tumor (e.g. colon) [13]. Nevertheless, DIM-C-pPhOCHj3 and related C-DIMs
represent the first group of compounds that activate nuclear NR4A1 and current studies are
focused on identification of new agonists, NR4A1-regulated genes, and the mechanisms of
receptor-dependent activation or deactivation.

4.3 Deactivation of nuclear NR4A1

The hydroxyl C-DIM analog (DIM-C-pPhOH) (Fig. 1) did not activate GAL4-NR4A1 in
initial studies and appeared to exhibit receptor antagonist activities in several assays [15,
83]. Unlike DIM-C-pPhOCH3, the hydroxyl compound decreased p21 expression [76] but
inhibited growth and induced apoptosis in pancreatic cancer cell lines [15, 83]. DIM-C-
pPhOH did not alter expression or location (nuclear) of NR4AL. Moreover, in
transactivation assays using GAL4-NR4A1 (human)/GAL4-luc constructs in pancreatic
cancer cells, DIM-C-pPhOH decreased luciferase in GAL4-receptor chimeras expressing
wild-type receptor the truncated A/B domain, whereas the GAL4-NR4A1 (C—F domain)
exhibited low activity and was not affected by treatment with DIM-C-pPhOH [15]. This
contrasted to CsnB and related analogs that interact with the ligand binding domain of
NR4A1 [49, 50]. These results suggest that DIM-C-pPhOH is more than an inhibitor
(antagonist) of DIM-C-pPhOCH3-mediated activation of NR4A1 and appears to act as a
deactivator of NR4A1 via the A/B domain of the receptor, and the specific sites of DIM-C-
pPhOH-mediated deactivation of NR4A1 (A/B) domain are currently being investigated.

Since previous studies show that knockdown of NR4A1 by RNA interference or antisense
oligonucleotides decreases growth and/or induces apoptosis in several cancer cell lines, if
DIM-C-pPhOH truly inactivates NR4A1, then both siNR4A1 and DIM-C-pPhOH should
exhibit comparable activities. Both DIM-C-pPhOH and siNR4A1 inhibit growth of multiple
pancreatic cancer cell lines and induce apoptosis in these cells [15]. Moreover, DIM-C-
pPhOH inhibits tumor growth and induces apoptosis in tumors in an orthotopic murine
pancreatic tumor model. The growth inhibitory/pro-apoptotic effects of DIM-C-pPhOH and
siNR4AL1 in pancreatic cancer cells and tumors was accompanied by activation of caspase-3
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and PARP cleavage and downregulation of the pro-survival genes survivin and bcl-2.
Identification of a NR deactivator such as DIM-C-pPhOH is rare but not unprecedented
among this family of transcriptions. The orphan receptor estrogen-related receptor (ERRa)
also exhibits pro-oncogenic activity in breast cancer cells and small molecules that
deactivate ERRa inhibit breast cancer cell and tumor growth [91-93].

In pancreatic cancer cells, DIM-C-pPhOH decreased expression of survivin, and Figure 4
shows that this response is commonly observed in other cancer cell lines. Basal expression
of survivin in cancer cell lines is complex and due to multiple transcription factors [94, 95].
RNA interference studies in this laboratory show that survivin is regulated in pancreatic and
other cancer cells lines by Sp1, Sp3 and Sp4 [96, 97]. Although DIM-C-pPhOH
downregulates survivin mRNA and protein expression and also decreases transactivation in
cells transfected with GC-rich survivin constructs, these responses are not accompanied by
downregulation of Sp transcription factors [15]. Further analysis of the mechanism of DIM-
C-pPhOH-dependent downregulation of survivin showed that endogenous expression of
survivin was dependent on an Sp1/NR4A1/p300 complex and results of chromatin
immunoprecipitation assays showed that treatment with DIM-C-pPhOH resulted in loss of
p300 from the complex which is bound to GC-rich sites. Thus, downregulation of survivin
by DIM-C-pPhOH involved inactivation of NR4A1 which decreased binding to p300 and
this was not accompanied by changes in NR4A1, p300 or Spl protein levels. The role of
DIM-C-pPhOH-dependent deactivation of NR4A1 on other responses/genes in cancer cells
and tumors is currently being investigated, and identification of other NR4A1 deactivators
and their potential for clinical applications is also ongoing.

5. Summary

The orphan receptor NR4AL1 is important in cellular homeostasis and ongoing studies in
several laboratories clearly demonstrate that this receptor has an important role in
carcinogenesis and is a novel target for cancer chemotherapy. In most cancer cells, NR4A1
is a pro-oncogenic factor involved in cell survival and growth. Many pro-apoptotic agents
such as CD437 and TPA which do not bind NR4A1 induce receptor expression and nuclear
export resulting in formation of a mitochondrial NR4A1-bcl-2 pro-apoptotic complex (Fig.
5). In contrast, cytosporone B and related compounds bind NR4A1 and activate apoptosis
through both nuclear localization and nuclear export pathways. C-DIM compounds such as
DIM-C-pPhOCH3 and DIM-C-pPhOH activate and deactivate nuclear NR4A1 to induce
growth inhibition and apoptosis through different pathways. As illustrated in Figure 5,
NR4A1 can be targeted by different mechanism-based anticancer drugs, suggesting several
novel strategies for developing new analogs for cancer chemotherapy and for combination
with radiotherapy and other drugs.

6. Expert Opinion

NR4A1 is highly expressed in many tumors, and RNA interference studies suggest that this
orphan receptor and perhaps all three NR4A receptors are pro-oncogenic factors. In order to
use NR4AL1 as a drug target, the tumor type-specific expression patterns and function of this
receptor need to be more comprehensively investigated. NR4AL1 is also an intriguing drug
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target because of its novel and diverse mechanisms of action which involve (i) drug-induced
nuclear export that results in formation of a pro-apoptotic mitochondrial NR4A1-bcl-2
complex; (ii) drug-induced nuclear export that results in mitochondrial-independent
apoptosis; (iii) ligand-dependent activation, and (iv) deactivation of nuclear NR4A1 leading
to apoptosis and growth inhibition. It is critical to continue development of agents that
activate individual and multiple pathways in order to assess their potential effectiveness as
anticancer agents. Drug-induced activation of nuclear and extranuclear NR4A1-dependent
pathways and the effectiveness of these agents may be tumor type-specific and this needs
further investigation. Despite the gap in knowledge on NR4A1, in our opinion, this orphan
receptor may be an important drug target for cancer chemotherapy.
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Figure 1.
(A) Domain structure of NR4A1 and (B) structures of various ligands that activate or

deactivate NR4AL.
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Figure 2.

Activation of GAL4-NR4A1 (human)/GAL4-luc and NURE-luc and NBRE3-luc
(cotransfected with FLAG-NR4A1) by DIM-C-pPhOCH3 and DIM-C-pPhH. *, Significant
(p<0.05) induction is indicated.
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Figure 3.

Effects of siNR4A1 on DIM-C-pPhOCHj3-inducible genes in colon and bladder cancer cells
[12, 13]. Significant (p<0.05) decreases (*) or increases (*) are indicated.
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Figure 4.
Treatment of cancer cell lines with 15 pM DIM-C-pPhOH for 24 hr decreases expression of

survivin protein as previously described in pancreatic cancer cells [15].
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Figure 5.
Multiple pathways for nuclear export and activation/deactivation of NR4AL1 to induce

apoptosis in cancer cells.
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Genes significantly induced or repressed after treatment of bladder, pancreatic, colon and prostate cancer cells

with DIM-C-pPhOCHg for 2 or 6 hr.

Modulation after 2 or 6 hr (DMSO = 1.0)

Gene Bladder Pancreatic | Prostate Colon
TNF receptor-associated factor 5 (TRAF5) 0.63/0.26 0.57/0.57 | 0.84/0.72 | 0.69/0.64
DnaJ (Hsp40) homolog, subfamily B, member 9 (DNAJB9) 1.34/4.31 1.81/5.48 0.89/0.70 | 1.04/1.59
Cyclin E2 (CCNE2) 0.90/0.32 0.88/0.52 | 0.96/0.30 | 0.93/0.43
Thyroid hormone receptor interactor 10 (TRIP10) 0.77/0.67 0.81/0.52 0.68/0.47 | 0.78/0.71
Thioredoxin interacting protein (TXNIP) 1.40/2.87 0.65/1.17 | 0.39/0.52 | 0.57/0.88
Sema domain, immunoglobulin domain (Ig), transmembrane domain (TM) and short 0.90/0.51 0.78/0.54 0.95/0.73 | 1.00/0.82
cytoplasmic domain, (semaphorin) 4D (SEMA4D)

CCAAT/enhancer binding protein (C/EBP), beta (CEBPB) 1.45/3.61 1.39/2.73 0.94/1.98 | 1.06/2.66
Regulator of G-protein signaling 19 (RGS19) 0.99/1.28 0.84/0.69 | 0.66/0.54 | 0.70/0.63
Heme oxygenase (decycling) 1 (HMOX1) 1.25/2.67 1.41/2.87 0.97/2.05 | 1.02/2.43
Flap structure-specific endonuclease (FEN1) 0.88/0.59 0.95/0.71 | 0.88/0.38 | 0.65/0.46
Sestrin 2 (SESN2) 1.65/4.59 1.65/3.67 0.99/2.56 | 1.34/2.96
Lysosomal-associated membrane protein 3 (LAMP3) 1.14/1.60 1.08/1.14 | 0.80/3.05 | 1.88/1.93
Jagged 2 (JAG2) 0.97/0.42 0.69/0.41 0.80/0.37 | 0.87/0.60
Growth differentiation factor 15 (GDF15) 5.58/22.74 1.83/3.71 1.87/5.08 | 1.13/1.83
Protein phosphatase 1, regulatory (inhibitor) subunit 15A (PPP1R15A) 1.87/2.35 2.88/2.34 1.00/1.94 | 1.60/2.62
Ras association (RalGDS/AF-6) domain family 5 (RASSF5) 1.04/1.50 1.08/0.51 1.02/0.45 | 0.80/0.42
Jun dimerization protein 2 (JCP2) 1.02/1.84 0.85/1.19 1.03/5.16 | 1.09/3.33
Three prime repair exonuclease 1 (TREX1) 0.91/0.62 0.90/0.68 | 0.80/0.53 | 0.87/0.67
Class Il bHLH protein MIST1 (MIST1) 1.04/1.63 0.94/5.09 0.75/0.45 | 1.10/0.79
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