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Abstract

The CCAAT-binding factor CBF/NF-Y is needed for cell proliferation and early embryonic
development. NF-Y can regulate the expression of different cell type-specific genes that are
activated by various physiological signaling pathways. Dysregulation of NF-Y was observed in
pathogenic conditions in humans such as scleroderma, neurodegenerative disease, and cancer.
Conditional inactivation of the NF-YA gene in mice demonstrated that NF-Y activity is essential
for normal tissue homeostasis, survival, and metabolic function. Altogether, NF-Y is an essential
transcription factor that plays a critical role in mammalian development, from the early stages to
adulthood, and in human pathogenesis.

1. Introduction

The CCAAT-binding factor CBF/NF-Y is a unique DNA-binding protein consisting of three
different subunits: NF-YA (CBF-B), NF-YB (CBF-A), and NFY-C (CBF-C). Part of the
amino acid sequences of each subunit is evolutionarily conserved with segments of yeast
HAP2, HAP3, and HAPS, respectively. The HAP genes in yeast specifically regulate the
expression of nuclear genes that function in mitochondrial respiration. The conserved
segments of NF-YB and NF-YC that are needed for DNA binding contain histone-fold
motifs that are similar to histones H2B and H2A, respectively. NF-YB and NF-YC together
form a stable heterodimer that interacts with the conserved segment of NF-YA, forming a
heterotrimeric complex, which then binds to the CCAAT motif DNA [1, 2].

For the last three decades, the role of CCAAT-binding factor (CBF/NF-Y) has been studied
in the context of many mammalian promoters that are regulated by different signaling events
[3]. Although initial studies described the CCAAT motif as a basal proximal promoter
element that is located upstream to the transcription start site, studies of different
mammalian genes have defined the role of the CCAAT motif and its binding partner NF-Y
in transcription in specific cell types, which can be regulated by diverse cellular signaling or
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pathogenic conditions, such as mechanical stress [4], endoplasmic reticulum (ER) stress [5,
6], cholesterol and fatty acid metabolism [7-9], interferon gamma [10, 11], cell cycle
progression [12, 13], DNA damage response [14-18], neurodegenerative disease [19, 20],
and cancer [21-23] (Table 1).

The context-specific function of NF-Y is often mediated by its ability to interact with or
recruit different pathway-specific promoter-binding factors. For example, during ER stress,
NF-Y recruits ATF6, which is activated by proteolysis; this is followed by nuclear
localization to stimulate the expression of various chaperone genes that are associated with
pathogenic conditions in protein misfolding diseases, such as neurodegenerative disease, and
metabolic diseases, such as diabetes and non-alcoholic hepatic steatosis [24—26]. In contrast,
during sterol depletion, NF-Y collaborates with SREBP1, which is also activated by
proteolysis, to increase the expression of cholesterol or fatty acid metabolism genes that are
associated with metabolic syndrome [27, 28].

A mutational analysis of NF-YA identified three domains: DNA binding, subunit interaction,
and transactivation in the NF-YA protein. The mutants in the DNA-binding domain of NF-
YA that interacted with the NF-YB/NF-Y C heterodimer but did not bind DNA were used as
a dominant-negative NF-YA mutant to inhibit NF-Y’s function in different cell lines.
Another NF-YA mutant that lacks the transactivation domain that binds to DNA was also
used to inhibit NF-Y-mediated transactivation in several cell lines. These mutants, as well as
RNAi-mediated knockdown of NF-Y subunits, were used to define the role of NF-Y in
cultured cells [13, 29-31].

To understand the role of NF-Y in vivo in mouse models, we generated a conditional NF-YA
(CBF-B) mutant by introducing /oxPsites in the murine NVF-YA gene that can be deleted by
regulated expression of Cre recombinase (Cre) in the embryo or in various tissues after birth.
The study of the NF- YA mutant mouse strain in the context of various tissues provided
critical information regarding the role of NF-Y in tissue homeostasis and pathogenesis [32—
36].

2. Function in different cell type contexts

Fibroblast proliferation, type | collagen, and TGF-beta signaling

A dominant-negative NF-Y mutant was used to determine the role of NF-Y in cultured
mouse fibroblast cells [13]. Regulated expression of the dominant-negative mutant resulted
in retardation of fibroblast growth and reduced expression of type I collagen and cell cycle-
regulated genes. The results of this study indicated that NF-Y is needed for the proliferation
of fibroblasts in culture.

NF-Y binds and activates the transcription of the promoters of both subunits of the type |
collagen genes COL1A1 and COL1AZ2 [37]. Type | collagen is abundantly expressed as
extracellular matrix protein in fibroblasts and can be regulated under various physiological
and pathological conditions. The CCAAT motif of the COL1A1 promoter can be responsible
for high-level expression of the gene in fibroblasts derived from human scleroderma or
systemic sclerosis, causing excessive fibrosis in the tissues and fibroproliferative lesions in
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the small blood vessels [38]. The promoter analysis showed that a higher level of NF-Y-
binding activity regulated promoter activity of COL1A1 in scleroderma patient fibroblasts
than that of normal human fibroblasts.

The role of the CCAAT motif in the COL1A1 promoter was studied in the context of the
cardiopulmonary system, in which interstitial fibroblasts play a critical role during tissue
remodeling and repair, in response to mechanical strain, under normal physiological
conditions as well as in systemic hypertension [4]. The mechanical strain also induces the
expression of transforming growth factor-beta (TGF-beta), which stimulates the proliferation
of the interstitial fibroblasts and the expression of type | collagen. The study of COL1A1
promoter demonstrated that TGF-beta enhanced the binding of NF-Y to the COL1A1
promoter in rat cardiac fibroblasts, resulting in stimulation of promoter activity. The role of
TGF-beta in NF-Y activity is further supported by another study that showed that TGF-beta
increases nuclear localization of the NF-YA subunit that involves mitogenactivated protein
kinase cascades [39]. The results of this study suggest that TGF-beta regulation of NF-Y
activity is cell type dependent due to the differences in protein kinase activity.

The results of these studies together suggest that NF-Y plays an important role in fibroblast
proliferation and expression of type I collagen gene regulated under various physiological
and pathological conditions that are regulated by TGF-beta signaling.

Odontoblasts, chondrocytes, and BMP2 signaling

NF-Y regulates the expression of specific genes in odontoblasts and chondrocytes in
response to bone morphogenetic protein 2 (BMP2), a member of the TGF-beta super family.

Dentin sialophosphoprotein (DSPP) is specifically expressed in odontoblasts and is
necessary for tooth development and mineralization. Expression of the DSPP gene is
activated by BMP2, which is mediated by the NF-Y binding site in the DSPP promoter [40].
The results of this study showed that BMP2 treatment induces NF-Y accumulation in the
nucleus and increases DSPP gene expression in mouse preodontoblasts.

Sox9 is a transcription factor that plays a crucial role in chondrogenesis during cartilage
development and is activated by BMP2 during chondrocyte differentiation. The NF-Y
binding site in the Sox9 promoter is needed for BMP2-mediated activation of the Sox9
promoter during the differentiation of mouse embryonic fibroblasts into chondrocytes [41].
The study showed that BMP2 increases NF-Y occupancy in the Sox9 promoter during
chondrocyte differentiation that involves the p38 kinase pathway.

Muscle cell differentiation

The expression of NF-YA, but not NF-YB and NF-YC, was not detected in adult mouse
skeletal and cardiac muscle cells. Similarly, down-regulation of NF-YA was observed in
terminally differentiated muscle cells but not in proliferating muscle cells in culture [42, 43].
The loss of NF-Y activity during muscle cell differentiation coincided with the down-
regulation of several cell cycle genes, and conversely, forced expression of NF-YA in
differentiated muscle cells resulted in a delay of the early muscle-specific differentiation
program. Interestingly, an NF-YA splice variant, NF-YAI, which contains a longer
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transactivation domain but has intact DNA binding activity, plays a specific role in the
expression of muscle-specific genes [44]. Inactivation of NF-YA expression also resulted in
the inhibition of both the proliferation and differentiation of muscle cells, indicating that NF-
Y activity is needed for the muscle cell differentiation program.

Neuronal cells and neurodegeneration

NF-Y is expressed in mature neuronal cells and is deregulated in a group of hereditary
neurodegenerative disorders that result from polyglutamine expansion in various proteins.
The polyglutamine proteins are generated by the abnormal expansion of the trinucleotide
CAG repeat that encodes the polyglutamine tract in specific proteins that cause disease. The
polyglutamine proteins selectively cause neurodegeneration in the brain, although the
polyglutamine proteins are expressed in many different tissues. This is possibly due to
misfolding of the proteins and abnormal interaction with other key cellular proteins in
neurons of the brain.

Spinal and bulbar muscular atrophy (SMBA) is caused by polyglutamine expansion in the
androgen receptor (AR) gene. SMBA is a gradually progressive neuromuscular disease with
degeneration of lower motor neurons and occurs primarily in males. The mouse model of
SMBA that expresses the polyglutamine AR shows decreased expression of the NF-Y-
regulated transforming growth factor-beta (TGF-beta) receptor type Il gene and disruption of
TGF-beta signaling in the spinal motor neurons of male mice [45]. The polyglutamine
mutant AR pathogenic protein associates with NF-Y and p300/CBP-associated factor,
resulting in sequestration of NF-Y in molecular aggregates and inhibition of NF-Y-mediated
transcription.

Spinocerebellar ataxia type 17 (SCAL7) is caused by polyglutamine expansion in the general
transcription factor TATA box-binding protein (TBP). SCA17 disorder has a broad spectrum
of phenotypes that includes seizures, cognitive dysfunction, psychiatric symptoms, and
Parkinsonism. In the mouse model of SCAL7, expressing the polyglutamine TBP caused
age-dependent neurological symptoms and cerebellar Purkinje cell degeneration and
inhibited the expression of NF-Y-regulated chaperone genes, such as HSP70 and HSPA5
(GRP78) [19, 46]. The polyglutamine TBP mutant interacted with NF-YA and inhibited NF-
Y’s binding to the cellular HSPA5 promoter.

Huntington’s disease is caused by polyglutamine expansion in the Huntington (Htt) protein,
which forms nuclear aggregates in neurons of the striatum and cortex. The mutant Htt
protein interacts with multiple transcription factors, including NF-Y. Importantly, the mutant
Htt protein inhibited NF-Y recruitment to the HSP70 promoter and inhibited its expression
[20].

The results of these studies indicate that one possible cause of SCA17 and Huntington’s
disease is the inactivation of NF-Y, resulting in the inhibition of chaperone proteins that
might lead to protein misfolding or aggregation and neuronal apoptosis. In this regard, the
promoters of many chaperone genes contain multiple NF-Y sites. Importantly, the
expression of HSPAS and several other chaperone genes involved in protein folding in the
ER can be regulated by the unfolded protein response (UPR) or ER stress. Many ER stress-

Biochim Biophys Acta. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maity

Page 5

regulated promoters contain a composite promoter element, ER stress element that binds to
NF-Y constitutively and allows recruitment of the ER-stress-regulated transcription factor
ATF6 during UPR activation [6]. The results of these studies suggest that NF-Y regulates
both basal- and UPR-regulated activation of the chaperone genes expression that plays a
critical role in normal neuron function, which might be disrupted by the polyglutamine
mutant proteins that cause neuronal disease.

Hematopoietic cell lineages

Hematopoietic stem cells (HSCs) produce myeloid and lymphoid precursor cells and
balance both differentiation and self-renewal throughout the animal’s lifetime. NF-Y is
expressed in bone marrow HSCs and regulates the expression of the homeobox gene family
factor HOXBA4, which plays a key role in the expansion of HSCs [47]. The result of this
study showed that overexpression of NF-YA in primitive hematopoietic cells activates the
expression of several key genes regulating HSC self-renewal. The role of NF-Y in HSCs’
function is also further established by conditional knockout of the NF-YA gene in the bone
marrow in mice, which is discussed later in this review.

The major histocompatibility complex (MHC) class Il genes play a central role in the
immune response [10, 11]. A study of MHC class Il promoters identified a highly conserved
promoter element with spatial-helical arrangements that bind to NF-Y, RFX, and CREB
transcription factors, which together recruit a non-DNA-binding class Il transactivator,
CIITA, that mediates gamma-interferon-activated transcription in B cells. A detailed analysis
of NF-Y’s function in MHC class Il transcription provided a mechanistic paradigm by which
NF-Y could regulate the expression of a specific gene under specific cellular conditions.

NF-Y is part of the transcriptional circuitry for regulatory T (Treg) cells’ lineage
specification [48]. Treg cells are needed to maintain immune homeostasis and to suppress
inflammatory responses. NF-Y controls the expression of Tetl and Tet2, which control
epigenetic changes to induce the expression of FOXP3, a master transcription factor for Treg
cell development. Interestingly, the activity of NF-Y in T cells is regulated by hydrogen
sulfide-mediated sulfhydrating of the NF-YB subunit, which allows increased binding to
promoters of both Tetl and Tet2 genes.

The results of these studies indicate that NF-Y plays a critical role in hematopoietic cell
development and differentiation and immune response homeostasis.

Embryonic stem cell differentiation

NF-Y is expressed in embryonic stem cells (ESCs) and is needed for ESC proliferation. The
expression of NF-Y, particularly the NF-YAs isoform and NF-YB subunits, is down-
regulated during ESC differentiation [49, 50]. NF-Y regulates the expression of several
pluripotency-associated genes, including Oct4, Nanog, and Prdm14 [51]. NF-Y co-localizes
with Oct4 and Sox2 in many ESC-specific distal enhancers of genes that regulate ESC
identity. A comparison of NF-Y occupancy in ESCs and ESC-derived neuronal progenitor
cells revealed cell type-specific binding of NF-Y specifically in distal enhancers, in which
ESC-specific transcription factors and NF-Y are co-localized in the ESC-specific enhancers;
neuronal regulators and NF-Y are co-localized in the enhancers of neuronal-specific genes.
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These studies provided mechanistic insight by which NF-Y could regulate cell type-specific
functions in collaboration with specific master transcription factors that drive ESC identity
or neuronal cell differentiation.

3. Conditional deletion of NF-YA gene in mice

Essential role in early development

The physiological function of NF-Y in intact animals was studied by generating a
conditional NF-YA (CBF-B) mutant allele, in which loxP sites were introduced in the mouse
NF-YA gene, allowing deletion of the gene by controlled expression of the Cre enzyme. The
mouse NF-YA gene consists of nine exons, of which exons 7 and 8 encode DNA binding
and subunit interaction of the NF-YA subunit. The loxP sites were introduced flanking exon
3 and exon 8 so that Cre could delete most of the functional domains of the NF-YA gene.
Deletion of both floxed NF-YA alleles resulted in early embryonic lethality, with no embryo
found older than 8.5 days postcoitum (d.p.c.) [32]. However, heterozygous NF-YA mutant
mice were developed similarly as the wild-type NF-YA mice, indicating that NF-Y activity
is needed for early mouse embryo development.

Mouse embryonic fibroblasts (MEFs) isolated from 13.5 d.p.c. embryos of floxed NF-YA
mice were used to delete the NF-YA gene after Cre had been expressed in culture. This
showed that deletion of the NF-YA gene resulted in inhibition of proliferation and induction
of apoptosis, indicating that NF-Y activity is essential for the proliferation and viability of
MEFs.

Conditional deletion of the NF-YA gene postnatally in different tissues

The floxed NF-YA allele mice were used to delete the NF-YA gene after birth in the liver,
forebrain neuron, adipose tissue, and hematopoietic system in bone marrow.

This was performed using mice that expressed tissue-specific Cre, which is expressed after
birth and thus results in the conditional deletion of floxed NF-YA allele in specific tissues or
cell types in developed mice (Figure 1).

The albumin-Cre (Alb-Cre) transgenic mice were mated with the NF-YA allele mice to
generate mice for the postnatal deletion of the NF-YA gene, exclusively in the liver. The
Alb-Cre transgene expresses Cre specifically in the liver [52], and the level of Cre
expression progressively increases with age, resulting in almost 60 percent deletion of the
floxed NF-Y allele in the liver at 4 weeks after birth. NF-Y inactivation in the liver resulted
in progressive liver injury and severe hepatocellular degeneration, and most mice with NF-
YA-deleted livers died between 4 and 6 weeks of age [35]. The hepatocytes of the liver
underwent pleotropic changes, with disorganized ER and abnormal mitochondria, indicating
that NF-Y regulates organelle functions in hepatocytes. The results of the gene expression
study indicated that the activation of ER stress pathway genes and loss of C/EBP alpha-
controlling liver metabolic genes might be responsible for the liver injury in NF-Y-
inactivated mice. However, the inactivation of NF-Y did not alter the expression of the cell
cycle genes. The results of these analyses indicate that NF-Y regulates genes are associated
with metabolic and ER functions in mature differentiated hepatocytes.
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The role of the ER stress pathway in liver function was also revealed in the study of ATF6
knockout mice. As noted earlier, NF-Y recruits ATF6 to activate transcription during ER
stress. ATF6 consists of two isoforms, ATF6-alpha and ATF6-beta. NF-Y mostly recruits
ATF6-alpha to activate transcription during ER stress. Neither ATF6-alpha-null nor ATF6-
beta-null mice have any obvious phenotype. However, burdening mice with an ER stress-
inducing agent resulted in liver dysfunction and steatosis in ATF6-alpha-null but not ATF6-
beta-null mice [26]. The results of this study suggest that the NF-Y-ATF6-alpha pathway
plays a critical role in ER stress response in mature hepatocytes.

NF-Y is expressed in mature neurons of the adult brain and is suppressed by various
neurodegenerative diseases, as described earlier. Alpha-calcium-calmodulin-dependent
kinase-2-Cre (CAMK2a-Cre) transgenic mice expressed Cre selectively in postmitotic
neurons of the forebrain starting at 3 weeks of age [53]. The mating of CAMK2a-Cre
transgenic mice with the floxed NF-YA allele mice generated mice with deletion of the NF-
YA gene specifically in the cortex and hippocampus of the forebrain region. The inactivation
of NF-Y in the forebrain resulted in progressive neurodegeneration, accompanied by gliosis,
a reduction of body weight, and a shortened lifespan [36]. Distinctive neuropathological
characteristics are associated with neurodegeneration, including the accumulation of
ubiquitin and a scaffold protein, together with insoluble membrane proteins, on the ER. The
inactivation of NF-Y also resulted in an aberrant increase in smooth ER and selective down-
regulation of GRP94, an ER chaperone with no activation of the ER stress pathway,
suggesting that NF-Y is involved in ER organization function by a unique mechanism in
mature neurons.

Recently, the function of NF-Y was also analyzed in different sets of neurons of central
nervous system (CNS) in mice. Vesicular acetylcholine transporter-Cre (VAChT-Cre)
transgenic mice expressed Cre selectively in a subset of motor neurons after birth starting at
one week of age [54]. The mating of VAChT-Cre transgenic mice with the floxed NF-YA
allele generated mice with deletion of the NF-YA gene specifically in the motor neurons of
spinal cord and brainstem [55]. The inactivation of NF-Y in the motor neurons resulted
progressive weight loss with abnormal posture and showed tremor-like movement that
became more prominent with aging; histopathology analysis showed progressive
neurodegeneration and loss of motor neurons but not any obvious abnormal protein
accumulation. The inactivation of NF-Y induces downregulation of ER chaperones
including GRP78 and GRP94 in the motor neurons. Interestingly, RNAi mediated
knockdown of GRP78 and GRP94 in the motor neurons recapitulated the pathology as
observed after the NF-Y inactivation, indicating loss of GRP78/GRP94 expression by the
NF-Y inactivation caused the motor neurons degeneration. The results of these studies
indicated that NF-Y is needed for neuronal maintenance in the CNS by differential
regulation of ER chaperones expression in various types of neurons.

The role of NF-Y in adipose tissue was studied in the context of leptin, an adipocyte
hormone that regulates adipose tissue mass and homeostasis. Leptin plays a critical role in
metabolism and body weight. NF-Y binds to a distal enhancer of the leptin gene that drives
adipose tissue-specific expression of leptin in vivo in mice [34]. Knockdown of NF-YA by
RNAI inhibited adipocyte differentiation in culture and resulted in decreased expression of
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several adipocyte-specific genes, including leptin. To test NF-Y’s function in vivo, the
floxed NF-YA allele mice were mated with the adiponectin-Cre transgenic mice that express
Cre exclusively in both white and brown adipose tissue at 6 weeks after birth [56]. The
inactivation of NF-Y in the adipose tissue resulted in progressive loss of body fat and
lipodystrophy phenotype characteristics, including metabolic abnormalities in mice at 28
weeks of age [34]. A gene expression analysis showed that NF-Y inactivation resulted in
decreased expression of several adipocyte-specific markers and adipokines, including leptin,
which was reduced 25-fold at 28 weeks of age. When NF-YA knockout mice were treated
with leptin for 2 weeks, the metabolic syndrome was partly reversed to a normal state,
indicating that the phenotype is partly due to loss of leptin expression. The results of this
study demonstrated that NF-Y is needed for adipocyte differentiation and the expression of
leptin and other adipokines in vivo. The role of NF-Y in the expression of leptin and other
adipokines suggests that NF-Y plays a key role in maintaining metabolic homeostasis in
adult animals.

To define NF-Y’s function in the hematopoietic system, the floxed NF-YA allele mice were
mated with the MX-Cre transgenic mice, in which Cre expression was regulated by the
interferon-inducible promoter that can be activated in bone marrow by treatment with
polyinosinic-polycytidylic acid (pIpC) [57]. The bone marrow of floxed-NF-YA/MX-Cre
mice was transplanted into the wild-type host animal, and 8 weeks after transplantation, the
mice were treated with plpC, followed by an analysis of the bone marrow and peripheral
blood cells. NF-Y inactivation resulted in rapid loss of peripheral blood cell counts and the
death of mice, indicating that bone marrow failure caused mice death [33]. A cellular
analysis demonstrated that NF-Y is needed for cycling, but not for quiescent HSCs. The NF-
YA deletion in HSCs resulted in cell cycle arrest at G2/M phase and induced apoptosis,
causing HSC depletion and inhibition in hematopoiesis. The dysregulation of cyclin B1,
p21, and Bcl-2, but not p53, might be responsible for cell cycle arrest and apoptosis in HSCs
due to the loss of NF-Y activity. In addition, NF-Y inactivation caused a reduction in the
expression of several HSC-specific self-renewal genes, such as HOXB4, Notch1, and Bmi-1,
indicating that NF-Y functions in the regulation of HSC self-renewal and survival.

4. Perspective

NF-Y regulates the expression of many mammalian cell cycle and house-keeping genes and
is needed for cell proliferation and early mouse development. However, it also plays a key
role in regulating various cell type-specific genes under different developmental signaling or
pathogenic conditions. Our understanding is that NF-Y’s function in vivo is enriched by
conditional knockout of the NF-YA gene in different tissues in developed mice after birth.
These studies demonstrated that NF-Y is needed for normal tissue homeostasis, metabolism,
and survival in adult animals. Inactivation of NF-Y resulted in dysregulation of specific
genes in each tissue type, indicating that the mechanism of NF-Y’s function is context
specific in different tissues in adult animals. Part of the tissue-specific response can be
mediated by NF-Y binding to the tissue-specific distal enhancers that also bind the various
cell type-specific master transcription factors that control differentiation and tissue function.
In addition, NF-Y’s function in ER stress and cholesterol and fatty acid metabolism can have
differential effects in different tissues. Thus, NF-Y can be at the crossroads of different

Biochim Biophys Acta. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maity Page 9

tissue-specific signals, regulating normal homeostasis in adult animals. This finding suggests
that NF-Y could be an important biomarker that needs to be evaluated in various human
pathogenic conditions, such as in tissue degeneration, metabolic syndrome, and cancer. Such
future studies could unravel the role of NF-Y in the context of different tissues during
human pathogenesis.
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Figure 1.

Conditional knockout of the NF-YA gene in four different tissues in mice after birth. The
murine NF-YA consists of 346-amino acids encoded by nine exons (black bars), of which
the DNA binding region and the subunit interaction domains are encoded in exons 7 and 8.
The conditional murine NVF-YA allele that deletes all of the functional NF-YA domains was
generated by the insertion of loxP sites (thick white arrows) flanking exon 3 and exon 8 in
the murine NF-YA gene. Mice with a floxed NF-YA allele were mated with transgenic mice
expressing tissue-specific Cre enzyme, which deleted exons 3 to 8 of the NF-YA gene in
different tissues at the postnatal stage. The deletion of the NF-YA gene resulted in
inactivation of NF-Y activity in vivo in mice.
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Regulation of NF-Y dependent gene expression by various specific cell types or signaling linked to normal
development or pathogenic conditions

Genes Cell type Signaling Normal/Pathophysiology | References
Type | collagen Fibroblasts TGF-beta, Systemic sclerosis, 4,36, 37
(COL1A1, COL1A2) Mechanical Fibrosis,
strain Hypertension
Dentin Sialophospho Odontoblasts BMP2 Tooth development 39
protein (DSPP)
SOX9 Chondrocytes BMP2 Cartilage development 40
HOXB4 Hematopoietic HSC self- Hematopoiesis 46
stem cells renewal
(HSC)
Major B cells Interferon- Immune response 10,11
histocompatibility gamma
class Il
Tet 1/2 T regulatory Inflammatory | Immune homeostasis 47
cells response
OCT4/Nanog/Prdm14 | Embryonic stem | ESC identity Early development 50
cells (ESC)
Topollalpha, CCNB1, | Cancer cells Cell cycling, Cell proliferation, 12-18,
CCNB2, CDC25C, Oncogenic DNA damage response, 21-23
and other cell cycle signaling by Cancer progression
regulated genes wild-type and
mutant p53
GRP78, GRP94, PDI, Hepatocytes, Unfolded Genetic disorders 5, 6, 19, 20,
and other Islet beta-cells, protein associated with protein 24-26, 44, 45
endoplasmic Neuronal cells, response or misfolding, Metabolic
reticulum (ER) Various ER stress disease,
chaperones secretory cells mediated by Neurodegenerative
ATF6 disease, Diabetes
activation
HMG-CoA synthase, Hepatocytes, Sterol Metabolic syndrome, 7-9, 27,28
SQLE, DHCR24, and | Adipocytes, balance, Hepatosteatosis,
other Cholesterol Various nutritional Lipotoxicity associated
biosynthesis genes, lipogenic cells response disease
and FASN, SCD, and mediated by
lipid biosynthesis SREBP1
genes activation
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