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ABSTRACT

Innate immunity is a branch of the immune system that engages in the quick and non-
specific defense against many infections, particularly viruses, which have the potential to
cause a negative impact on farmers’ livelihoods. Pattern recognition receptors (PRRs),
which detect conserved pathogen-associated molecular patterns (PAMPS) carried by a
wide range of pathogens, are one of the most significant properties that allow the
mammalian cells to generate an innate immune response. RIG-1 like receptors (RLRs),
for example, are involved in the recognition of RNA molecules from viruses and the
subsequent development of an immunological signaling cascade to protect the host.
RLRs protect animals from viruses such as the Foot and Mouth Disease virus (FMDV),
Classical Swine Fever virus, Bluetongue virus, Peste des petits ruminants virus (PPRV),
and other Influenza viruses. Polyinosinic:polycytidylic acid or poly(l:C), is a synthetic
mimic of viral dsRNA that has been utilized as a vaccine adjuvant and it strongly
activates the RLR pathways in animal and cell culture models. Lineage determining
transcription factors (LDTFs) including PU.1, CEBPA, and CEBPB play roles in cellular
differentiation and immune system control. The regulatory activities of these LDTFs in
relation to the RLR pathways have not been well examined.

The goal of this dissertation was to figure out how the LDTFs PU.1, CEBPA, and
CEBPB regulate the RLR pathway genes. The effects of the sSiRNA-mediated silencing
of PU.1, CEBPA, and CEBPB in the bovine macrophage cell line (BoMAC) on the RLR
pathways were investigated. The impact of LDTF knockdown on the immunological
response mediated by poly(l:C) was also studied. Additionally, the ectopic expression of
the LDTFs (cloned in a constitutive mammalian expression vector) in non-immune cells
for enhancing their immune response against poly(l:C) was also tested. The PU.1 gene
was not successfully silenced in BOMAC because the siRNA for PU.1 caused up-
regulation rather than down-regulation of its gene expression. CEBPA knockdown was
successful resulting in moderate downregulation of the RLR pathways, although CEBPB
silencing was unsuccessful. When BoMAC cells were stimulated with poly(1:C), CEBPA
silencing inhibited the immunological response via the RLR and DNA sensing pathways.
The RLR pathways were expected to be suppressed by the down-regulation of PU.1, but
more research is needed to understand the mechanism behind the siRNA-mediated up-
regulation of PU.1. Ectopic expression of the LDTFs in non-immune cells were also
carried out and it was first tested in the MDBK (Madin Darby Bovine Kidney) cell line,
which showed robust expression of the LDTFs. However, these cells were unresponsive
to poly(l:C) stimulation and thus, primary buffalo fetal fibroblast and endometrial
epithelial cells were selected for the experiments instead. In buffalo fetal fibroblasts and
endometrial epithelial cells, PU.1 alone or in combination with CEBPA or CEBPB
significantly increased the expression of the RLR and DNA sensing pathway genes. In
endometrial epithelial cells, however, PU.1 in conjunction with CEBP proteins resulted
in a stronger activation of the RLR pathway genes than PU.1 alone. CEBPA, like PU.1,
was able to up-regulate the pathway genes, although to a lesser level, whereas CEBPB
had no effect on the genes. PU.1 alone and in conjunction with CEBPA or CEBPB was
also able to prime the fibroblasts and epithelial cells to generate powerful immune
response against poly(l:C). CEBPA had a dampened priming activity, but CEBPB did
not prime the cells to produce an immunological response to poly(l:C). These findings
suggest that PU.1 is critical for the control of the RLR and DNA sensing pathways, albeit
CEBPA plays a minor role in this regulation and CEBPB does not participate on its own.
In the event of RNA virus infections, PU.1 and CEBPA could be exploited as therapeutic
targets for either enhancing or inhibiting the immune responses.
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INTRODUCTION

The immune system is a constantly evolving system that helps the host to defend itself
against wide range of pathogens and hazardous self-associated molecules. The two
important arms of immunity are the innate and the adaptive immunity. The innate
immunity serves as the first line of defense which a pathogen encounters and it
comprises of several barriers; immune cells such as macrophages, neutrophils, NK cells,
dendritic cells, etc. along with various non-immune somatic cells (Mehraj et al., 2019).
One of the characteristic features of innate immunity is the presence of germline-encoded
pattern recognition receptors (PRRS) that recognize different signature molecules from
the pathogens called pathogen-associated molecular patterns (PAMPS). The PAMPs can
be polysaccharides, peptides, lipoproteins, nucleic acids, etc. that are detected by host
cellular PRRs. The different PRRs are TLRs (Toll-like receptors), RLRs (RIG-I like
Receptors), NLRs (NOD like Receptors), CLRs (C-type Lectin Receptors) and ALRs
(AIM2 like Receptors) (Carty et al., 2021). RLRs, ALRs and some TLRs are involved in
the detection of different forms of pathogenic nucleic acids. Endosomal TLR3, TLR7
and TLR8 along with RLRs are involved in the detection of pathogenic RNA (Hung et
al., 2018; Streicher and Jouvenet, 2019). RLRs comprise of 3 receptor proteins namely
RIG-1 (Retinoic acid-Inducible Gene 1), MDA5 (Melanoma Differentiation-Associated
protein 5) and LGP2 (Laboratory of Genetics and Physiology 2) that are present in the
cytoplasm and are involved in the detection of many types of RNA viruses (Rehwinkel
and Gack, 2020). Endosomal TLR9, cytosolic receptors like ALRs, DAI (DNA-
Dependent Activator of IFN-Regulatory Factors), cGAS (cyclic GMP-AMP synthase),
DDX41 (DEAD-Box Helicase 41) and STING (Stimulator of Interferon Genes) are
involved in the detection of DNA molecules (Tan et al., 2018). The viruses causing
diseases in animals have the potential to become a burden on the livelihoods and the
overall economy of nations due to the rapid evolution of their proteins and resistance to
host immune responses (especially in case of RNA viruses). Many highly virulent
livestock associated viruses like FMDV (Foot and Mouth Disease virus), Bluetongue
virus, PPRV (Peste des petits virus), Classical Swine Fever virus, Influenza virus, etc.
are detected by the RLR pathways (Chauveau et al., 2012; Dong et al., 2013; K. Li et al.,
2021; P. Li et al, 2021; Malik and Zhou, 2020). A viral dsRNA analog

polyinosinic:polycytidylic acid or poly(l:C) has been widely used as a vaccine adjuvant
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Introduction

to boost the immune response against many viral infections and it has been shown to get
sensed by RIG-1 and MDAGS (Qiao et al., 2021). The two forms of poly(l:C) widely used
are low molecular weight (LMW) and high molecular weight (HMW) which are of
lengths ranging from 0.2-1 kb and 1.5-8 kb respectively (Mueller et al., 2019). MDBK
(Madin Darby Bovine Kidney) epithelial cell line has proved useful for various studies
related to many bovine viruses (Fay et al., 2020; Kopliku et al., 2015; Zhu et al., 2016,
2015) and thus makes it a suitable non-immune cellular model for RLR pathway studies
although, these cells failed to exhibit RLR pathway activation in response to poly(l:C) in
this dissertation as discussed later. As a result, primary fetal fibroblasts and endometrial
epithelial cells from buffalo were chosen as the cell model of choice. Fibroblasts are
mesenchymal cells that play an important role in the detection of pathogens and have the
capability to generate immune response when transfected with poly(l:C) (Vats et al.,
2020). Bovine endometrial epithelial cells have been reported as a model for RLR
pathway studies conducted using poly(l:C) as an immune-stimulant (Carneiro et al.,
2017). Bovine macrophage cell line (BoMAC) was developed by SV40 plasmid
transformation of bovine peritoneal macrophages (Stabel and Stabel, 1995) in which,
several viral and bacterial studies have been conducted (Z. Li et al., 2018; Maina et al.,
2019; Rola-Luszczak et al., 2014). BOMAC is also reported to generate immune response
against poly(l:C) (Toka et al., 2019).

Lineage determining transcription factors (LDTFs) are the transcription factors that are
responsible for the determination of the lineage to which a cell would terminally
differentiate and thus, gain specialized functions. In various combinations, the LDTFs
have the capability of promoting terminal differentiation of cells to various lineages like
myeloid, lymphoid, neural, pluripotent, etc. (Hosokawa and Rothenberg, 2021; Kurotaki
et al.,, 2020; J.-E. Lee et al., 2019; Oh and Jang, 2019). The LDTFs can be used to
manipulate cell fates such as reprogramming of somatic cells into pluripotent stem cells
(Takahashi and Yamanaka, 2006; Yu et al., 2007) as well as conversion of terminally
differentiated cells of one lineage into the cells of other lineages (Hybiak et al., 2020;
Kadkhodaeian, 2021; Niu et al., 2013; Qin et al., 2020; Wang et al., 2021). PU.1 is one
such LDTF which belongs to the ETS (Erythroblast Transformation Specific) family of
transcription factors that is encoded by the Spil gene. It is responsible for the
differentiation of various cell types, predominantly myeloid and lymphoid -cells

(Guanglan et al., 2020). Due to the ability of PU.1 to cause commitment of cells to
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myeloid lineages, researchers have successfully demonstrated the conversion of non-
myeloid cells into myeloid-like cells and up-regulation of the immune response genes by
ectopic expression of PU.1 alone or along with other associated transcription factors like
CEBPA and to a lesser extent, CEBPB (Feng et al., 2008; Laiosa et al., 2006; McClellan
et al., 2015; Orsini et al., 2019; Rosa et al., 2018). Ectopic expression of PU.1 in HeLa
cells leads to the establishment of monocyte like enhancers which further causes the
expression of various monocyte-specific genes that are otherwise repressed in the HelLa
cells. The enhancer selection and the associated monocyte gene expression (including
inflammatory response involving NF-kB) became stronger when PU.1 was co-expressed
with CEBPA (Jin et al., 2011). PU.1 also plays an important role in the modulation of
several innate immunity PRR genes such as TLR2, TLR4 and Dectin-1 (Haehnel et al.,
2002; C. Liu et al., 2017; Roger et al., 2005) while there haven’t been much studies
conducted to directly correlate CEBP transcription factors with innate immunity. CEBPA
is known to up-regulate the expression of anti-microbial peptide cathlecidin (Dhawan et
al., 2015). Various innate immune signaling also cause the induction of CEBP
transcription factors which further induce the genes that play role in the downstream
events of immune signaling. CEBPs have also been reported to play role in LPS
mediated inflammatory response (Hu et al., 1998). CEBPA also plays an active role in
the TLR3 mediated pathway against HIV (Human Immunodeficiency Virus) infection
(Bhargavan et al., 2016). The roles of LDTFs in the regulation of the RLR pathways is
still not well established and therefore, to unravel the underlying mechanisms, following

objectives were taken up for this dissertation:

1. To analyze the RLR pathway and effector genes in bovine macrophage cell line
(BoMAC) subjected to knock-down of PU.1 and C/EBP proteins

2. To express PU.1 and C/EBP proteins in non-immune cells to enhance the activity of

RLR pathway and effector genes
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REVIEW OF LITERATURE

2.1. The innate immunity

The first and the foremost system in the body that rapidly acts against invading
pathogens is the innate immunity. Innate immune response acts against wide variety of
pathogens in a non-specific manner in contrast to adaptive immunity which is specific
for individual pathogens. The innate immune system comprises of physical barriers like
skin, epithelial and mucus layers, phagocytic cells such as myeloid cells, serum proteins
like complement and acute phase proteins, antimicrobial molecules like lysozyme,
lectins and anti-microbial-peptides as well as pattern recognition receptors (PRRS) that
are able to detect signature conserved molecular patterns on pathogens called pathogen
associated molecular patterns (PAMPs) (Kaur and Secord, 2019; Shimizu et al., 2021).
After the detection of PAMPs by PRRs, signaling cascades are triggered that lead to the
release of cytokines including interferons in order to get rid of the pathogen (Brubaker et
al., 2015; Carty et al., 2021). There are several classes of PRRs which include TLRs,
RLRs, NLRs, CLRs and ALRs (Carty et al., 2021). RLRs, ALRs and some TLRs are
involved in the detection of different forms of pathogenic nucleic acids. RIG-1, MDA5
and LGP2 come under the RLR category which are present in the cytoplasm and detect
wide range of RNA viruses (Rehwinkel and Gack, 2020). RIG-1 is capable of detecting 5'
triphosphate/diphosphate containing sSRNA or dsRNA which are the characteristics of
many RNA viruses while MDAGS detects longer dsRNA viral molecules (Rehwinkel and
Gack, 2020). The role of LGP2 has been proposed in the regulation of RIG-1 and MDA5
but it remains to be clearly established (Sanchez David et al., 2019). DAI or ZBP-1 (Z-
DNA binding protein) elicits immune response after it detects Z-form of RNA or DNA
in the cells infected with viruses such as Influenza virus and Murine Cytomegalovirus
(Koehler et al., 2020). Detection of PAMPs by PRRs is the hallmark of innate immune
responses that is responsible for generation of pro-inflammatory cytokines and
interferons which further lead to the expression of Interferon-stimulated genes (ISGSs)

that help in the clearance of viral load (Carty et al., 2021; Schoggins, 2019).
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Figure 2.1: PRR signaling pathways. All of the PRR signaling pathways converge to the level
of transcription factors comprising of CREB, AP1, NF-kB, IRF3 IRF5 and IRF7 which are
responsible for transcriptional up-regulation of pro-inflammatory cytokines, apoptotic genes and
interferons. The nucleic acid sensing PRR signaling including endosomal nucleic acid sensors
converge at the level of mediator TRAF3 (TNF Receptor Associated Factor 3), TRAF6 (TNF
Receptor Associated Factor 6) and IKKs (IkB kinases) that lead to the activation of transcription
factors NF-xB, IRF3 and IRF7 for generating antiviral immune responses. (Image downloaded
from www.adipogen.com)

2.2.  Innate immunity against RNA and DNA viruses

RNA and DNA from many viruses have the potential to initiate innate immune signaling
cascades. The RNA of viruses in mammalian cells is mainly detected by cytosolic RLRs
as well as endosomal TLR3, TLR7 and TLR8 (Uehata and Takeuchi, 2020). Viral DNA
can be sensed by ALRs, endosomal TLR9, cGAS, STING, DAI and DEAD box
helicases such as DHX9, DHX36, DDX41 (Briard et al., 2020; Koehler et al., 2020). The
RLR RIG-1 is capable of detecting 5' triphosphate/diphosphate containing short single
stranded RNA (ssRNA) or double stranded RNA (dsRNA) which are the characteristics
of RNA viruses such as those from Flaviviridae, Rhabdoviridae, Orthomyxoviridae,
Filoviridae and Paramyxoviridae families while MDAS detects longer dsSRNA molecules
from the members of Picornaviridae (Gitlin et al., 2006; Goubau et al., 2014; Hornung et
al., 2006; Kato et al., 2006; Pichlmair et al., 2006; Rehwinkel and Gack, 2020;
Thompson et al., 2011). The role of LGP2 has been proposed in the regulation of RIG-I
and MDAJS but it remains to be clearly established (Sanchez David et al., 2019). All
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RLRs possess DEAD box helicase domain and a C-terminal domain (CTD), while RIG-I
and MDADb, but not LGP2, additionally have a N-terminal caspase recruitment domain
(CARD), which interacts with CARD of adaptor molecule called MAVS/ IPS-1
(mitochondrial anti-viral signaling protein). The helicase domain is involved in the
detection of viral RNA which causes an ATP-dependent change in conformation that
allows CARD-CARD interaction between the RLR and MAVS and thus, K63-linked
ubiquitin conjugation via tripartite motif protein 25 (TRIM25) (Okamoto et al., 2018).
The interaction of many CARDs from RLRs and MAVS cause their aggregation recruits
further signaling adaptors and kinases like IkB kinase (IKK) family of kinases,
IKKa/b/g, TBK1 and IKKe. These kinases lead to the activation of NF-kB and IRFs
which translocate into the nucleus to induce interferons and pro-inflammatory cytokines.
Interferons bind to the interferon receptors on the cell membrane which follow the JAK-
STAT pathway to induce the expression of ISGs (IFN-stimulated genes) (Owen et al.,
2019). The dsRNA analog poly(l:C) has been shown to get sensed by RIG-I and MDA5
(Chen et al., 2017). The widely used two forms of poly(l:C) are low molecular weight
(LMW) and high molecular weight (HMW) which are of lengths 0.2-1 kb and 1.5-8 kb
respectively (Mueller et al., 2019). MDAS5 has been shown to get activated by HMW
poly(l:C) while RIG-I is activated by LMW poly(l:C) (Kasumba and Grandvaux, 2019;
Kato et al., 2011). Poly(l:C) stimulation of ovarian fibroblasts has been reported to
generate anti-HIV immunity by secretion of antimicrobials and activation of CD4+ T-
cells (Patel et al., 2018). Intranasal administration of poly(l:C) along with inactivated
Influenza vaccine also leads to generation of high amounts of IgA and serum IgG
antibodies against both homologous and heterologous viral infections (Moriyama et al.,
2017; Thomas et al., 2015). Poly(I:C) has also been used to improve immunogenicity
against malarial subunit vaccine rPfMSP-142 by production of Thl antibodies (Mehrizi
et al., 2018). Poly(IC:LC) which is poly(l:C) stabilized with poly-L-lysine and carboxy-
methyl cellulose has also been shown to be effective against SARS-Coronavirus and
Ebola-Zaire virus infection by generating broad spectrum innate antiviral immunity and

also, long term protective immunity (Kende et al., 2019; Kumaki et al., 2017).

The DNA sensor cGAS, detects DNA from various retroviruses such as HIV, SIV
(Simian Immunodeficiency Virus) and MLV (Murine Leukemia Virus). When DNA
binds to cGAS, a molecule called 2'3'-cGAMP is formed from ATP and GTP which acts

as a secondary messenger for activating STING; the protein responsible for downstream
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activation of interferon pathways (Motwani et al., 2019). ALRs consist mainly of two
proteins, AIM2 and IFI16 (Kumar et al., 2019). Both AIM2 and IFI16 sense dsDNA in
the cytoplasm (and in the nucleus by IFI116) from various pathogens like HSV (Herpes
Simplex Virus) and Vaccinia virus. The activation of these receptors occurs in sequence-
independent manner which leads to the production of type I interferons through the
STING pathway along with the formation of inflammasome via signaling through a
protein called ASC (Apoptosis-associated Speck-like protein containing a Carboxy-
terminal CARD) (Chang et al., 2019; Jin et al., 2012; Kerur et al., 2011; Rathinam et al.,
2010; Sapre and Nair, 2020; Unterholzner et al., 2010). IFI16, cGAS and STING have
also been shown to play roles in the Interferon-p induction against Listeria
monocytogenes infection (Hansen et al., 2014). DAI or ZBP-1 (Z-DNA binding protein)
has been shown to elicit immune response after it detects Z-form of DNA (or RNA) in
the cells infected with viruses such as Influenza virus and Murine CMV
(Cytomegalovirus) (Kuriakose and Kanneganti, 2018). DDX41 acts as a sensor for viral
DNA and bacterial secondary messengers like cyclic-di-GMP (Y. Jiang et al., 2017). The
RNA and DNA sensors also have the potential to detect RNA and DNA from the host
itself under distressful conditions such as cell death, cancer, metabolic stress and

autoimmune disorders (Briard et al., 2020; Khodarev, 2019).
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Figure 2.2: Conventional RNA and DNA sensing pathways that act against viruses in
mammalian cells. The cytosolic receptors and endosomal TLRs recognize different types of
RNA and DNA viruses in order to generate a signaling cascade that leads to the induction of
inflammatory cytokines and antiviral interferons. (Source: Carty et. al., 2020)
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The nucleic acid sensing pathways play major roles against many deadly viruses in
livestock animals that cause huge losses to economy and livelihoods. Peste des petits
virus (PPRV) causes huge economic losses to the goat and sheep industry each year
(Bardhan et al., 2017) and it is detected by the RLR pathways (P. Li et al., 2021). Foot
and Mouth Disease virus (FMDV) is a serious threat to livestock industry that can also
be sensed through RLR pathways (K. Li et al., 2021). Zoonotic Influenza A viruses
(IAVs) occur in wide variety of animals and pose a serious threat to both, the economy
and human lives (Borkenhagen et al., 2019). RIG-I is the main RLR involved in the
detection of such IAV infections (Weis and Te Velthuis, 2021). Another RNA virus,
Bluetongue virus is also capable of causing economic losses to the livestock industry
(Gethmann et al., 2020) which is detected by RIG-1 and MDA5 (Chauveau et al., 2012).
Recently, RIG-1 has also been reported to act against gastrointestinal parasite
Haemonchus contortus in sheep that is capable to cause huge losses in the sheep industry
(Banerjee et al., 2021). The DNA sensors IFI116 and cGAS are able to sense DNA from
wide variety of viruses (H. C. Lee et al., 2019). These sensors are also known to detect
the DNA of intracellular bacteria (Patrick et al., 2016). However, in livestock DNA viral
diseases, not much study has been carried out in deciphering the roles of DNA sensors.
In one report, cGAS-STING pathway has been shown to act against Mycobacterium

bovis infection that potentially causes economic loss to cattle farming (Li et al., 2019).
2.3 Evasion of immune response by RNA and DNA viruses

The pathogenic viruses have acquired many strategies to obliterate the PRRs along with
associated pathway proteins in order to suppress the inflammatory responses of the host.
There is a constant evolutionary arms race between viruses and the host involving
incorporation of changes in their virulence and immunity related gene sequences
respectively in order to gain competitive advantage over one another (Kikkert, 2020).
Due to these mechanisms, delayed immune responses are generated that lead to
establishment of peak viral titers prior to detection by the host (Menachery et al., 2014).
Many RNA viruses including highly pathogenic coronaviruses, flaviviruses,
arteriviruses, noroviruses and picornaviruses shield their dsRNA replicative
intermediates from innate immune sensors in replication compartments (Garcia-Nicolas
et al., 2018; Wolff et al., 2020). Influenza A virus and recently discovered bunyaviruses
engage in ‘cap-snatching’ which is stealing of 5’-cap structures from host mMRNA in

order to prevent detection by innate RNA sensors (De Vlugt et al., 2018; Olschewski et
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al., 2020). Coronaviruses also possess viral RNA capping enzymes which helps them to
evade host immunity (Hartenian et al., 2020). Crimean—Congo hemorrhagic fever virus,
Borna disease virus (BDV), and hantavirus (HTNV) remove the 5’-triphosphate group of
their RNA in order to evade RIG-I detection (Y. Liu et al., 2017). The N protein of
Rabies virus also helps in preventing the viral RNA detection by RIG-I (Katz et al.,
2017). Coronavirus nspl5 endoribonuclease sequesters dsSRNA intermediates away from
the RNA sensing PRRs (Deng et al., 2017). Influenza A viruses possess NS1 protein that
has been reported to promote host immunity evasion by several ways; one of which is
sequestering of viral RNA away from RNA sensors (Nogales et al., 2018). A very deadly
Zaire Ebolavirus (a filovirus) encodes VP35 protein that binds dsRNA to prevent RIG-I
detection and signaling (Woolsey et al., 2019). Additionally, several viruses encode
proteins that cause disruption or degradation of innate sensors to evade immune
responses. RIG-I, MDAS and LGP2 have been reported to get degraded/inhibited by
several picornaviruses including FMDV, EMCV (Encephalomyocarditis Virus),
poliovirus and rhinovirus (Zhang et al., 2020). The classical swine fever virus NP
protein antagonizes RLR mediated immune response by interacting with IRF3 to prevent
IFN-I induction and apoptosis (Hardy et al., 2021). The DNA virus HSV-1 encodes
US11 and UL37 proteins that are involved in the inhibition of MDA5 and RIG-1 (Zhu
and Zheng, 2020). Similar to sequestration of RNA, several viruses sequester viral DNA
from the immune receptors. ORF52 protein of gammaherpesviruses is able to bind
cytosolic DNA as well as cGAS to prevent immune responses (Wu et al., 2015). The
capsid protein of HIV-1 interacts with host proteins that plays a vital role in shielding the
viral DNA in the host (Sultana et al., 2019). The DNA sensor cGAS is cleaved/inhibited
by different sets of proteins in Dengue virus, Zika virus, Vaccinia virus, HSV-1, KSHV
(Kaposi’s Sarcoma-associated Herpesvirus) and HCMV (Human Cytomegalovirus)
(Eaglesham and Kranzusch, 2020). HSV-1 encoded VP22 inhibits cGAS by binding to it
and the tegument protein UL41 of the virus leads to the degradation of cGAS and IFI16
MRNAs (Zhu and Zheng, 2020). IFI16 is also reported to be targeted by pUL83 and
ICPO proteins encoded by herpesviruses (Christensen and Paludan, 2017).

2.4. Role of epigenetics and lineage determining transcription factors

(LDTEFs) in cellular functions

Epigenetics is a vast term that comprises of the molecular mechanisms which act

together in harmony to bring changes in the gene expression without any influence on
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the gene sequence (Li, 2021). It consists of many components like covalent histone
modifications, RNA interference, DNA methylation, ATP-dependent remodelers of
chromatin and 3D genome landscape (Kim and Kaang, 2017; Morrison, 2020). Covalent
modifications occur on the tail of histones proteins that form the octameric structure
called nucleosomes which help in wrapping up the DNA. Histones H2A, H2B, H3 and
H4 are part of the nucleosomes and post translational modifications on the amino acid
residues of the histone tails lead to different outcomes such as gene expression or
repression (Rothbart and Strahl, 2014). These modifications are initiated by different
enzymes like HAT (histone acetyl transferase), HDAC (histone deacetylase), HMT
(histone methyl-transferase), etc. which deliver different chemical groups on the amino

acid residues of histone tails.
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Figure 2.3: Covalent modifications of amino acids on histone tails. The widely studied
modifications on histone tail amino acids have been shown in the figure. Most of the
modifications occur on lysine residues. The numeric values denote the lysine position of the
respective histone tail (Source: Dai, H. and Wang, Z.; 2014)

The overall genome architecture of the cells is shaped by intricate organization of DNA
in 3D space because of which certain regions of genome come in contact with other
regions depending on the cell type. Non-coding enhancer sequences play important role
in gene regulation as these sequences recruit accessory proteins that increase the
transcription of the genes with whose promoters they come in contact with (Andersson
and Sandelin, 2020). The presence of H3K4mel and H3K27me3 (methylation) is a
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characteristic of poised enhancer (which gets activated under certain conditions such as
differentiation) while H3K27ac (acetylation) is a marker for active enhancer that
increases the transcription of a gene. The enhancers only possessing H3K27me3 are

repressed enhancers (Nguyen et al., 2015).
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Figure 2.4: Schematic representation of transcriptional regulation via networks of
enhancers and promoters established by transcription factors and RNA polymerases. In the
figure, a complex promoter-enhancer relationship has been depicted in which enhancers are
increasing the mRNA levels of the genes by interacting with their promoters via transcription
factors and associated cofactors/activators that ultimately recruit RNA polymerases. (Source:
Andersson and Sandelin, 2020).

The poised enhancers are bound by special transcription factors called lineage
determining transcription factors (LDTFs) and signal dependent transcription factors
(SDTFs) that are involved in the differentiation and other cell specific functions like
immune response only when required. The LDTFs are responsible for shaping the
genome by selecting pre-existing enhancers for specific cell types while in cooperation
with SDTFs, they can select de novo enhancers in response to stimulus (Hagman, 2015;
Ostuni et al., 2013; Pouzolles et al., 2016).
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Figure 2.5: Chromatin looping of enhancer and promoter regions for Interferon gamma
gene in different cell types. A) The promoters of the genes IL-5, IL-13 and IL-4 are clustered
together in naive CD4+ T-cells. The 3’ intron of RAD50 gene contains an LCR (locus control
region) for the genes mentioned above that aids in their transcriptional up-regulation during
differentiation. This LCR loops onto the IL genes when naive cells differentiate into Th2 cells and
thus, causing their transcriptional up-regulation. B) IFN-gamma in mouse undergoes similar
mechanism but when differentiating into Thl cells (purple dots are enhancer regions that loop on
the IFN-gamma gene when differentiated into Th1 cell type). (Source: Nguyen et al., 2015)

25. Role of PU.1 and CEBP transcription factors in epigenetics and

Immunity

One important LDTF for determining myeloid and lymphoid immune cell lineages is
PU.1 of the ETS (E- twenty six) family that is encoded by Spil gene which binds to
purine rich signature sequences on the genome (typically AGGAAGTG motifs) (Pang et
al., 2018; Rothenberg et al., 2019). PU.1 is also critical for regulation of immunity
related genes (Ghisletti et al., 2010; Jin et al., 2011). Various reports suggest the active
role played by PU.1 in expression of PRRs such as Dectin-1, TLR2 and TLR4. In THP-1
cells treated with Aspergillus fumigatus conidia, Dectin-1, TLR2 and TLR4 were
significantly up-regulated when PU.1 was overexpressed while they were down-

regulated when PU.1 was silenced (C. Liu et al., 2017). PU.1 overexpression also led to
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increase in release of pro-inflammatory cytokines and phagocytosis. In another report,
Dectin-1 was found to be up-regulated in HEK293T cells in presence of PU.1 as it was
found to bind the promoter of Dectin-1 (Wang et al., 2016). Opportunistic pulmonary
pathogenic fungus Pneumocystis has been shown to down-regulate PU.1 in alveolar
macrophages which leads to Dectin-1 down-regulation and knocking down of PU.1 also
reduced Dectin-1 expression (Zhang et al., 2010). TLR4 is involved in the detection of
gram negative bacteria and PU.1 expression has been shown to increase TLR4 activation
by binding to its promoter (Roger et al., 2005; Tsatsanis et al., 2006). In synovial
macrophages of rheumatoid arthritis patients, down-regulation of LPS stimulated PU.1-
TLR4 expression through drugs inhibited proinflammatory cytokine release which
reduced disease severity (Park et al., 2013). PU.1 is also involved in the regulation of
TLR2 (PRR involved in detection of cell wall components of bacteria, fungi and
parasites) expression by binding to its promoter with the help of additional transcription
factors like Sp3 (Haehnel et al., 2002). C/EBP alpha and beta are CCAAT binding
transcription factors that cooperate with PU.1 in selection of macrophage specific
enhancers (including de novo enhancers) and subsequently, in their differentiation (Heinz
et al., 2010; Kaikkonen et al., 2013). These are also involved in processes like immune
response and adipogenesis (C. Li et al., 2018). C/EBP alpha has also been shown to
promote PU.1 expression by binding to its promoter (Cai et al., 2008). CEBPA is known
to regulate the expression of anti-microbial peptide cathlecidin in cooperation with
vitamin D and chromatin remodeler Brahma protein (Dhawan et al., 2015). Although,
various reports have suggested the other way round i.e., the innate immune signaling
causes the up-regulation of CEBP transcription factors to cause the transcription of
downstream genes. Roles of CEBPs (including CEBPA and CEBPB) have been
suggested in LPS induced inflammation (Hu et al., 1998) and CEBPA is known to get
activated in the TLR3 mediated pathway in HIV infection (Bhargavan et al.,
2016).Therefore, the complex interactions between the DNA, histones and transcription
factors decide the fate of a cell and gives it special abilities to tackle a situation in a

manner which is superior to other cells.
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Figure 2.6: Schematic representation of LDTF mediated cell-specific gene expression. In
cell type 1 where PU.1 is absent, the nucleosome containing the PU.1 and C/EBP motifs remains
intact and thus, the gene regulatory regions harbored by it are silenced. In cell type 2 where PU.1
is present (such as myeloid cells), PU.1 and C/EBP bind to their motifs causing eviction of the
nucleosome and thus, exposing the DNA region. Some lineage specific genes are transcribed in
this manner while some may require additional signaling TFs like NF-kB to complete the protein
interaction scaffold and cause the recruitment of RNA polymerase for transcription of the gene
(as in the case of stimulation of PRRs with PAMPs). (Source: Gosselin and Glass, 2014)
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MATERIALS AND METHODS

3.1. Ethics statement

The study was approved by the Institutional Animal Ethics Committee (IAEC) of
National Dairy Research Institute, Karnal, Haryana, India. No animal was specifically
slaughtered for this study. The fetus and the uterus for fibroblast and endometrial
epithelial cell culture respectively were obtained from a Municipal slaughterhouse
(Ghazipur, New Delhi).

3.2.  Primer designing for full length LDTF genes

Full length mRNA sequences of PU.1, CEBPA and CEBPB genes from bovine were
retrieved from NCBI. The ORFs for the genes were determined using Expasy Translate
tool (https://web.expasy.org/translate/) and the melting temperature (Tm) of each primer
was kept ~60°C using MBCF Oligo Calculator (http://mbcf149.dfci.harvard.edu/
docs/oligocalc.html). Both forward and reverse primers for each gene included restriction
enzyme sites of Nhel site at 5' end of forward primer and Xhol site at 3' end of reverse
primer according to MCS of pIRES-EGFP-Puro (a gift from Michael McVoy- Addgene
plasmid #45567). Initially, PU.1 was not amplified with the given primer pair, so another
reverse primer from 3 UTR was designed and used for PU.1 amplification. For joining
of PU.1 with CEBPA or CEBPB, primers for overlap extension PCR were also designed
in a way that the reverse primer of PU.1 gene was incorporated with the upstream
sequence of IRES element at its 3’ end while the end of the IRES element was
incorporated at the 5’ end of the forward primer of CEBPA and CEBPB (Figure 3.1).

Individual sequence for each primer is given in the Table 1 and Table 2 of Annexure 1.
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Figure 3.1: Representation of the primer regions used for overlap extension PCR of PU.1
and CEBP genes with inclusion of IRES element. The upstream gene (PU.1) has its reverse
primer joined with the upstream sequence of IRES element (shown in red). The upstream region
was not exactly taken from IRES start site due to very high GC content (shown in dark blue). The
5’ end of the forward primer of downstream gene (CEBPA or CEBPB) was joined with the
downstream end of IRES sequence (shown in light blue).

3.3.  PCR amplification of the LDTF genes, their cloning and sequencing

Buffy coat from the whole bovine blood was isolated by carrying out repeated RBC lysis
till a white coat remained as the pellet. The buffy coat was directly resuspended in TRI

reagent (Sigma) and RNA isolation was carried out (discussed later in section 3.6). PU.1
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gene was initially amplified using forward and reverse primer but however, the product
generated was not PU.1 and therefore, the gene was amplified again with forward and 3’
UTR reverse primer. Thus, the product obtained was used as template for 2™ reaction
using primers with restriction sites. CEBPA and CEBPB genes being intron-less, were
amplified directly from bovine genomic DNA. PCRs for amplification of the genes were
performed using Q5 polymerase (NEB). The reaction components for each PCR and
Thermal Cycler conditions are given in the Table 4 and Table 5 respectively of Annexure
I1. For overlap extension PCR, the initial products were amplified in the same manner as
discussed above and the products obtained were gel purified. The purified products were
used as primers along with forward primer of PU.1 with Nhel site and reverse primer of
CEBPA or CEBPB with Xhol site in a single reaction to obtain the product PU.1-IRES-
CEBPA and PU.1-IRES-CEBPB. The protocol for the reaction was taken u pfrom a
previous report (Horton et al., 2013) with modifications which cannot be currently
disclosed here as it is still under refinement. The PCR products were gel purified and
restriction digested along with the vector pIRES-EGFP-Puro. These were double
digested with Nhel (NEB) and Xhol (NEB) using CutSmart buffer. The cut vector was
dephosphorylated using FastAP (Thermo Scientific) and ligated with individual PCR
products using T4 DNA ligase (ThermoFisher Scientific) according to manufacturer’s
instructions. The ligated plasmids and inserts were transformed into XL-1 Blue strain of
E.coli (made competent using Hanahan method) and spread on LB agar plates
supplemented with 50 pg/ml ampicillin. The plates were incubated at 37°C overnight and
the obtained colonies were inoculated in 5 ml LB broth containing 50 pg/ml of
ampicillin for overnight at 37°C in shaker incubator. Plasmids were isolated using
alkaline hydrolysis method which were then screened for the positives and then
sequenced. The sequences of LDTF genes are given in the Table 6 of Annexure Ill. The
positive plasmids containing bacteria were preserved as glycerol stocks in 50% glycerol
(in autoclaved dH,0) and frozen at -80°C. A little amount of glycerol stock was scraped
and inoculated in 20 ml of LB broth containing 50 pg/ml of ampicillin for overnight at
37°C in shaker incubator. The bacterial suspensions were then subjected to endotoxin-
free plasmid isolation using PureLink HiPure Plasmid DNA Purification Kit (Invitrogen)
and all the steps were performed according to the manufacturer's instructions. The
extracted plasmids were resuspended in autoclaved 1X TE buffer (pH-8.0) and stored at -
20°C till further use.
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3.4. Cell culture

Primary buffalo fetal fibroblasts were obtained from the ear pinna of buffalo fetus. Small
pieces of ear pinna were cut and placed in a T-25 flask (Nunc) with complete Dulbecco’s
Modified Eagle’s medium (DMEM) (D2906, Sigma Aldrich) supplemented with 10 %
Fetal Bovine Serum (FBS) (16000044, Invitrogen), 25mM HEPES, L-Glutamine (2
mM), 1X antibiotic-antimycotic solution (Gibco, Thermo Scientific) in a humidified
incubator at 37°C with 5% CO,. The fibroblast cells migrated from the pieces and
adhered to the flasks. The pieces were removed from the flask after which the cells were
allowed to grow and passaged for further experiments. At 80% confluency, the cells
were trypsinized using 0.25% Trypsin.EDTA (Sigma) prepared in 1X DPBS (Dulbecco’s
Phosphate Buffered Saline) at 37°C followed by inactivation of trypsin using complete
DMEM and then pelleting the cells at 1500 RPM for 5 minutes in pyrogen and nuclease-
free 15 ml conical tubes (Invitrogen). The pellet was resuspended in complete DMEM
and then cultured in the flasks as mentioned before. Buffalo endometrial epithelial cells
were obtained from the uterus and was provided as a kind gift by Ankit Pal (Ph.D.
student, ABTC). The lumen of uterus was washed 3 times using 1X DPBS without
calcium and magnesium supplemented with 1X antibiotic-antimycotic solution and 0.1%
BSA. The ends of the uterine horn were tied so that trypsin to be added later was retained
within it. 15-20 ml of sterile 1X DPBS containing 0.25% trypsin was added to the tied
lumen. Epithelial cells were allowed to get trypsinized from the lumen and suspend in
the solution at 37°C for 1 hour. The cell suspension was filtered through a 70 um plastic
strainer (Corning) to remove the debris. The filtrate was washed 3 times with 1X DPBS
+ 1X antibiotic-antimycotic + 0.1 % BSA by centrifugation at 600g for 10 minutes. The
pellet was resuspended in complete DMEM and allowed to grow in T-25 flask. The
further processing of the cells was exactly the same as mentioned for fetal fibroblasts.
Bovine Macrophage Cell Line (BoMAC) was provided as a kind gift by Dr. Judith Stabel
(Research Microbiologist, Infectious Bacterial Diseases Research, USDA). BoMAC
were also cultured in complete DMEM medium (with supplements as described for fetal
fibroblasts) at 37°C with 5% CO,. BOMAC was also passaged just like fibroblasts and
epithelial cells for further experiments. MDBK (Madin Darby Bovine Kidney) cell line
was provided as a kind gift by Dr. R.S Kataria (Principal Scientist, NBAGR) and the
culture of these cells were performed in the same manner as described above for other

cell types. All the cell types were also cryopreserved using 10% DMSO (Sigma) in
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culture medium containing 20% FBS. Initially, the cell aliquots were kept overnight at -
80°C in Mr. Frosty freezing container (Thermo Scientific) containing isopropanol
followed by transfer to liquid nitrogen canister. Revival of the cells were performed by
thawing the cells at room temperature, addition of 10X fresh complete DMEM with 10%
FBS (9 ml media in 1 ml cryopreserved cells) followed by centrifugation at 1500 RPM

for 5 minutes and subsequent culture in T-25 flasks.
3.5. Transfection protocols
3.5.1 Transfection of vector pIRES-EGFP-Puro with inserted LDTF genes

The transfections for MDBK cell line, fetal fibroblasts and endometrial epithelial cells
were performed in 24-well plates by seeding 2.5x10° cells in 500ul DMEM + 10% FBS
+ 1X antibiotic-antimycotic solution per well. At 80% confluency, media was replaced
with OptiMEM reduced serum media (Gibco, Thermo Scientific) and transfection was
performed using Lipofectamine 3000 (Invitrogen). 0.75ul of lipofectamine was
complexed with 500 ng of empty vector and vector + inserts along with P3000 (volume
in pl equal to 2X the pug of DNA) according to the manufacturer’s instructions. MDBK
cell line was transfected for 16 hours while fetal fibroblasts and endometrial epithelial
cells were transfected for 36 hours (as these time points exhibited highest expression of
the LDTFs).

3.5.2 Transfection of esiRNAs against LDTFs

The esiRNAs (endoribonuclease prepared siRNAs) for bovine PU.1, CEBPA and
CEBPB genes along with GFP esiRNA (used as control) were obtained (Sigma). A
stretch of sequence from the coding region of the gene (Table 7 of Annexure Ill) was
selected and dsRNA was transcribed from it. The dsSRNA was then cleaved using
endoribonuclease which resulted in the generation of heterogenous overlapping siRNAs
that targeted the whole stretch of sequence. From the stock, 50 nM and 100 nM
concentrations of sSiRNAs were complexed with Lipofectamine 3000 in the same manner
as described in previous section with only exception that P3000 was not added to the
RNA. The transfection was carried out for 48h and 72h time periods in the BoOMAC cell

line.
3.5.3 Transfection of poly(l:C)

For LMW and HMW poly I:C (Invivogen) transfection, complex of Lipofectamine 3000
and poly(l:C) was performed in exactly the same manner as discussed in 3.5.1 section.
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For MDBK cell line without LDTFs expression, concentration ranges of 1, 2, 2.5 and 5
pag/ml of poly(l:C) were used to transfect the cells for 6 hours to determine the optimum
concentration. For MDBK expressing the LDTFs, poly(l:C) at final concentration of 1
pg/ml was used to stimulate the RLR pathways. In case of fetal fibroblasts and
endometrial epithelial cells expressing the LDTFs, a final concentration of 25 ng/ml
poly(1:C) was transfected for 6 hours as higher concentrations exhibited toxicity against

the cells. For esiRNA transfected cells, 1 pg/ml poly(1:C) was transfected for 6 hours.

Note: After the transfection protocols, all the cell types were harvested in 400 pl TRI

Reagent (Sigma) and stored at -80°C until RNA extraction was performed.

3.6. RNA extraction and Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

The cells harvested in TRI reagent were thawed at room temperature and 100 pl
chloroform was added followed by vigorous vortexing and incubation at room
temperature for 5 minutes. The mixture was then centrifuged at 12,000 RPM for 10
minutes at 4°C. The upper aqueous phase was taken in a separate tube and equal volume
of isopropanol was added, mixed and incubated in ice for 10 minutes. The solution was
centrifuged at 12,500 RPM for 15 minutes at 4°C to obtain a pellet. The pellet was then
washed 2 times with 80% chilled ethanol and finally dissolved in 15 pl nuclease free
water (Thermo Scientific). The quality and quantity of RNA were checked by agarose
gel electrophoresis and NanoDrop 2000 (Thermo Scientific) respectively. A total of 500
ng of RNA was used for cDNA preparation for each sample. For RT-PCR, 10 ul
reactions were prepared using RevertAid First Strand cDNA Synthesis kit (Thermo
Scientific) according to the manufacturer’s instructions. The prepared cDNAS were used

immediately for further experiments.
3.7. Semi-quantitative PCR experiments

The cDNA prepared was diluted 3 times i.e., upto 30 ul with nuclease free water to get
an effective concentration of 16.67 ng/ul. 10 pl reactions were prepared in 96 well plates
(Brand) with each well containing 5 pl KAPA SYBR® FAST gPCR Master Mix (2X)
(Kapa Biosystems), 0.2 pl of each forward and reverse primers (10 puM stock), 2 pl
diluted cDNA and 2.6 pl nuclease-free water. The PCR was performed in Light Cycler
480 11 (Roche) according to the kit protocol with annealing temperature set at 61°C.

Melting curves for all the genes were also prepared to check the PCR accuracy. The
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obtained datasets were analyzed using delta-delta-Ct (AACt) method (Livak and
Schmittgen, 2001) using RPS18 as housekeeping gene (Axtner and Sommer, 2009). The

primer sequences for the genes analyzed are given in the Table 3 of Annexure 1.
3.8.  Statistical analyses

The datasets have been presented as the mean values + standard deviation (SD) for 3
biological replicates (n=3). One-Way ANOVA (Analysis of Variance) followed by
Dunnett’s post hoc multiple comparison test for finding significant differences between
the control and the transfected groups for each gene were performed for the gPCR

experiments.
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RESULTS AND DISCUSSION

The LDTFs (Lineage Determining Transcription Factors) play a very important role in
cellular differentiation and cell-specific gene regulation. PU.1 is a myeloid specific
LDTF which is encoded by the Spil gene that binds to purine rich GAGGAA sequences
(predominantly present in enhancer and promoter regions). PU.1 is involved in the
regulation of several differentiation and immunity related genes. CEBPA and CEBPB
are CCAAT enhancer binding proteins that cooperate with PU.1 to further enhance its
gene regulatory activity. In previous studies, PU.1 and CEBP LDTFs have been over-
expressed to change the lineages of terminally differentiated cells such as epithelial cells
and fibroblasts to macrophage-like cells. PU.1 also regulates the expression of pattern
recognition receptors like Dectin-1, TLR2 and TLR4. So, it was expected that PU.1
might be a key transcription factor in the regulation of other innate immune pathways as
well. Therefore, the ability of PU.1 along with CEBPA and CEBPB to regulate the genes
of innate RLR (RIG-I like receptor) pathways were tested on bovine non-immune and
immune cells. The RLR pathways play a very important role in defense against highly
pathogenic RNA viruses such as FMDV, PPRV, Bluetongue virus, Influenza and
bacteria like Mycobacterium bovis. The viruses have developed mechanisms to hijack the
immune pathways by destroying or inactivating the PRRs or the associated downstream
molecules. Therefore, enhancing the expression of the immune receptors and
downstream molecules at early stages or prior to viral infection may help in improving
the health status of animals prone to such viruses. The knock-down of these LDTFs
PU.1, CEBPA and CEBPB in immune cells (macrophage cell line BOMAC) along with
the ectopic expression of these LDTFs (cloned in mammalian expression vector pIRES-
EGFP-Puro) in non-immune cells (fibroblasts and epithelial cells) were performed and

their effects on the RLR pathways were assessed.
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Objective 1:

To analyze the RLR pathway and effector genes in bovine macrophage cell line
(BOMAC) subjected to knock-down of PU.1 and C/EBP proteins

4.1. The esiRNA mediated knock-down of PU.1 resulted in its over-

expression rather than down-regulation

The control GFP esiRNA along with esiRNAs for PU.1, CEBPA, CEBPB were
transfected in BOMAC. PU.1 is involved in the regulation of many immunity related
genes while CEBPA and CEBPB establish cooperative interactions with PU.1 in order to
enhance the expression of several PU.l-regulated genes. It was expected that
predominantly, PU.1 suppression would lead to the down-regulation of the RLR
pathways. The siRNAs for all the genes matched 100% with the cow gene sequences
(Table 7 of Annexure I11). For PU.1, the siRNA spanned the exons 1-3 at the position 1-
253 starting from the transcription start site (TSS). CEBPA and CEBPB are intron-less
genes and the siRNA span positions from the TSS were 126-442 and 53-369
respectively. PU.1 esiRNA transfected at 50 nM and 100 nM concentrations caused
tremendous up-regulation by ~1492 fold rather than down-regulation of its gene at both
48h and 72h time points which was totally in contrast to the function of the siRNAs
(Figure 4.1A and C). The knock-down of CEBPA was successful at an esiRNA
concentration of atleast 100 nM for 48 hours (Figure 4.1B) which reduced the gene
expression level by 55% (Figure 4.1C) while no silencing was observed for CEBPB gene
at any esiRNA concentration (Figure 4.1B and C). The reason behind the siRNA-
mediated up-regulation of PU.1 maybe because PU.1 is an auto-regulatory transcription
factor (Chen et al., 1995; Okuno et al., 2005) and additionally, there are other
transcription factors that regulate PU.1 expression which may engage in some positive
feedback mechanism. Although, earlier reports have suggested successful silencing of
PU.1 in other mammalian models (Atar and Levi, 2005; Pimenova et al., 2021; Xu et al.,
2013) but till date, no up-regulation of PU.1 under the influence of sIRNA has been
reported. The mechanism behind this up-regulation is not clear and further experiments
like transcription factor binding analysis through ChIP-Seq along with monitoring of

PU.1 promoter and enhancer activity will shed light on the underlying mechanism.
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Figure 4.1: Assessment of knock-down of LDTF genes in BOMAC mediated by esiRNAs at
varying concentrations and time periods. A. PCR for PU.1 gene in esiRNA transfected
BoMAC cells using gPCR primers and cDNA as the template. The text in yellow boxes above the
lanes indicate the type of esiRNA transfected and below the lane numbers, transfection time and
concentrations of esiRNAs have been mentioned. Lane 6 contained GeneRuler 100bp ladder. B.
PCR for CEBPB and CEBPA genes using gPCR primers and cDNA prepared from esiRNA
transfected BOMAC cells. The text in yellow boxes above the lanes indicate the type of esiRNA
transfected while the text boxes above the yellow boxes mention the gene for which the PCR was
carried out. Below the lane numbers, transfection time and concentrations of esiRNAs have been
mentioned. C. Semi-quantitative real time PCR for the LDTF genes PU.1, CEBPA and CEBPB
in BOMAC cells transfected with each type of esiRNA at 100 nM for 48 h.
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4.2.  Knock-down of CEBPA caused the down-regulation of RLR pathway
genes and also suppressed the immune response against poly(1:C)

As the knock-down of only CEBPA was successful, the effect of its silencing on the
RLR pathway genes and nucleic acid sensors was monitored. It was observed that the
expression of most of the RLR pathway genes were suppressed when CEBPA was
knocked down (Figure 4.2A). Down-regulation was observed for RIG-1 (~37%), MDAS5
(~28%), cGAS (~41%), IFI16-1 (~36%), DAI (~41%), IRF7 (~34%), ISG56 (~45%) and
ISG54 (~40%) while no down-regulation was observed for IFN-B. Although, the knock-
down in case of PU.1 and CEBPB was not successful, their data have also been
incorporated for reference (Figure 4.2A). When the CEBPA knocked-down cells were
stimulated with poly(l:C) for 6 hours, there was suppression of immune response as
discussed hereafter in which the nucleic acid sensors RIG-1, MDA5, LGP2, DAI, cGAS,
and IFI16-1 were down-regulated by 58%, 64%, 63%, 61% and 40% respectively while
the transcription factors IRF3 and IRF7 were down-regulated by 33% and 49%. IFN-
expression was also suppressed by 54% which also resulted in the suppression of 1ISG54,
ISG56 and PKR by 54%, 51% and 54% respectively. The data of PU.1 and CEBPB
knock-down have also been shown but their results cannot be interpreted with any
confidence. The results obtained in these experiments indicate that CEBPA can be

targeted for suppression of immune responses against poly(l:C) or dsRNA viruses.

Till date there has been no drug or chemical agent that affects the expression of CEBPA
gene. However, various natural plant extracts that have been reported to suppress
CEBPA expression also exhibit anti-inflammatory properties. The methanolic extract
from strawberries has been shown to suppress LPS-induced inflammation (Gasparrini et
al., 2017) and in a recent report, it has been shown to down-regulate CEBPA expression
(Forbes-Hernandez et al., 2020). Extracts from mulberry fruits have also been reported to
reduce inflammatory response and down-regulate CEBPA mRNA (Jung et al., 2019; Lee
and Kim, 2020). Allium hookeri root extract has also been linked to CEBPA down-
regulation as well as inflammation suppression (Kim et al., 2019). Further studies are
still required to establish direct correlation between inflammation suppression and
reduction of CEBPA expression. Therefore, CEBPA might serve as a target for
inflammatory pathways (including RLR pathways). PU.1 down-regulation was expected
to cause the major suppression of these pathways, but due to failure of its knock-down,
the associated observations could not be drawn and further studies would be required to

achieve more clarity behind the sSiRNA mediated up-regulation of PU.1 expression.
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Figure 4.2: Effect of CEBPA knock-down on RLR pathway genes in BOMAC at resting
state and when stimulated with poly(l:C) for 6 hours. A. Semi-quantitative real time PCR
data for RLR pathway and DNA sensor genes in the LDTFs knocked-down BoMAC cells (only
CEBPA knock-down was successful while PU.1 and CEBPB siRNA data have been added just for
reference purpose) where GFP esiRNA transfected cells were taken as the control group. The p-
values obtained by One-way ANOVA when GFP esiRNA group was compared with CEBPA
esiRNA group have been mentioned in the Table 8 of Annexure-1V. B. Semi-quantitative real time
PCR data for RLR pathway and DNA sensor genes in the LDTFs knocked down BoMAC cells
(only CEBPA knock-down was successful while PU.1 and CEBPB siRNA data have been added
just for reference purpose) subjected to poly(l:C) stimulation for 6 hours (GFP esiRNA
transfected cells were taken as the control group). The p-values obtained by One-way ANOVA
when GFP esiRNA group was compared with CEBPA esiRNA group have been mentioned in the
Table 9 of Annexure-1V.
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Summary of Objective 1

In this objective, the effects of suppression of the LDTFs PU.1, CEBPA and CEBPB on
the regulation of innate antiviral RLR pathways were analyzed and the following

observations were deduced:

o In the BOMAC cells, transfection of esiRNA for PU.1 gene caused the up-
regulation of PU.1 rather than down-regulation and further studies need to be

carried out for better understanding of this phenomenon.

o Knock-down of CEBPA caused the suppression of the RNA and DNA sensing
pathway genes expression. CEBPB down-regulation also failed when BoMAC
were transfected with CEBPB esiRNA.

CEBPA esiRNA transfection also caused the suppression of the poly(l:C) mediated
immune response in BOMAC via the RNA and DNA sensing pathways. CEBPA knock-

down caused the suppression of Interferon pathways

Objective 2:

To express PU.1 and C/EBP proteins in non-immune cells to enhance the activity of

RLR pathway and effector genes

4.3. Amplification and cloning of the LDTFs PU.1, CEBPA and CEBPB in
the pIRES-EGFP-Puro vector

The gene for the LDTF PU.1 was amplified from the bovine blood buffy coat mRNA
because PU.1 is abundant in white blood cells. As PU.1 gene was required to be cloned
in a mammalian expression vector and transfected into the non-immune cells, primers for
full length coding region (from the start codon to stop codon) were used for the PCR
amplification. The product size of ~800 bp was generated through nested PCR of PU.1
gene (Figure 4.3).
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Figure 4.3: Nested PCR for the amplification of PU.1 gene. A. Lane 1,2,4,5- PU.1 PCR
product using forward primer from start codon and reverse primer at 3'UTR, Lane 3- GeneRuler
100bp ladder. B. Lane 1- GeneRuler 100bp ladder, Lane 2,3,4- PU.1 PCR product using
forward primer from start codon and reverse primer till the stop codon. The band near 800 bp
represents PU.1 full length CDS (The products in both the figures were electrophoresed in 1.5%
agarose gel)

CEBPA and CEBPB are involved in the cooperative interactions with PU.1 in order to
enhance the expression of several PU.l-regulated genes. As both these genes were
intron-less, they were amplified directly from the bovine genomic DNA and because of
>70% GC content in both the genes, a GC enhancer (included with Q5 polymerase) was
added to the PCR for both the genes which led to their amplification (Figure 4.4). The
amplification failed when GC enhancer was not added to the reactions. Both, the CEBPA
and CEBPB products which were generated from the PCR were found to be ~1000 bp.
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Figure 4.4: PCR amplification of CEBPA and CEBPB genes. A. Lane 1,2,3- CEBPA PCR
products, Lane 4- Tracklt 100bp ladder. B. Lane 1,2- CEBPB PCR products, Lane 3- GeneRuler
1kb ladder

PU.1 gene was also joined to the CEBPA and CEBPB genes with an IRES (internal
ribosome entry site) element spanning between them through overlap extension PCR
(Horton et al., 2013). The IRES leads to the translation of the downstream sequence
(CEBPA or CEBPB in this case) as it provides direct entry for ribosome. The co-
expression of PU.1 and CEBPA/CEBPB was proposed to check for any potential
requirements of both the LDTFs in the regulation of the RLR pathway genes. The initial
products obtained in the 1% reaction (Figure 4.5A) were used as primers in the 2™
reaction along with the full length CDS primers from the start to stop codon that led to
the generation of the final product containing PU.1, IRES and CEBPA/CEBPB genes
corresponding to the size of ~2.5 kb (Figure 4.5B).
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Figure 4.5: Overlap extension PCR reactions for joining of PU.1 with IRES followed by
CEBP proteins. A. 1% reaction of the overlap extension PCR to generate initial products where
Lane 1,2- PCR product of PU.1 to be cloned upstream of IRES, Lane 3,5- PCR product of
CEBPA to be cloned downstream of IRES, Lane 4- GeneRuler 1kb ladder, Lane 6,7- PCR
product of CEBPB to be cloned downstream of IRES. B. 2™ reaction of overlap extension PCR to
join the two genes with IRES element where Lane 1- Joint PU.1-IRES-CEBPA PCR product,
Lane 2- Joint PU.1-IRES-CEBPB PCR product, Lane 3- GeneRuler 1kb ladder (the highlighted
red region corresponds to the joint product corresponding to the ladder size of 2.5 kb)

The individual products, the joined products and the pIRES-EGFP-Puro vector backbone
were double restriction digested with Nhel and Xhol followed by ligation of the products

with the vector backbone.

4.4. MDBK cell line is a good model for exogenous gene expression but is

not a suitable model for the study of nucleic acid sensing pathways

MDBK is a transformed cell line derived from kidney epithelial cells of cattle. The
MDBK cell line when transfected with either LMW or HMW poly(l:C) for 12 hours did
not exhibit induction of the RLR pathway genes (Figure 4.6A). The only gene found to
be induced was IRF7 transcription factor. MDAS was found to be down-regulated while
other genes were not analyzed due to their very high Ct values which were out of the
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range (Figure 4.6B). Although, the MDBK cell line has proved to be a good model for
viral infection and propagation (Kopliku et al., 2015; C. Liu et al., 2019; Zhou et al.,

2017) but it failed to generate appropriate immune response against the dsSRNA analog
poly(I:C).
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Figure 4.6: Semi-quantitative real time PCR of RLR pathway genes in MDBK cell line post
poly(1:C) stimulation for 12 hours. A. MDA5 was found to be down-regulated while IRF7 was
drastically up-regulated in MDBK cells treated with either LMW or HMW poly(I:C). In the x-
axis labels, ‘L’ denotes LMW while ‘H’ denotes HMW poly(1:C) and the numerical value denotes
the concentration of poly(I:C) in ug/ml. B. Screenshot of the raw gPCR file from Roche
LightCycler 480 Il denoting the out of the range Ct values for various RLR pathway genes. The
rows with letter B correspond to IFN-, letter C- RIG-I and letter E-1F116.

Nevertheless, the MDBK cell line was able to exhibit high levels of exogenous gene
expression (LDTFs in this case) which suggests that MDBK is a good model for gene
expression (Figure 4.7). PU.1 was up-regulated by ~25038 fold in PU.1 expressing cells,
~19641 fold in PU.1-IRES-CEBPA expressing cells and ~13753 fold in PU.1-IRES-
CEBPB expressing cells. CEBPA was induced by ~4619 fold in CEBPA expressing cells
and ~3512 fold in PU.1-IRES-CEBPA expressing cells. In case of CEBPB, up-regulation
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by ~1738 fold in CEBPB expressing cells and ~2244 fold in PU.1-IRES-CEBPB
expressing cells were observed. The ability of LDTF expression to boost the immune
response against poly(l:C) was assessed in MDBK cells and the results suggested that no
such phenomenon takes place as the Ct values of most genes were again out of the range
(Figure 4.8). This further emphasizes on the inability of MDBK to stand out as a good
model for RLR pathway stimulation in response to poly(l:C). As a result, primary

buffalo fibroblasts as well as endometrial epithelial cells were used as the next choice of

model for this study.
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Figure 4.7: LDTFs expression analysis in MDBK cell line. In the x-axis, Empty denotes the
cells transfected with pIRES-EGFP-Puro backbone. MDBK cell line exhibited very high
expression levels of PU.1, CEBPA and CEBPB genes at individual level as well as in PU.1-
IRES-CEBPA and PU.1-IRES-CEBPB multi-gene expression system. This indicates that MDBK
is good model for gene expression. The expression was monitored 16 hours post transfection.
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Figure 4.8: Semi-quantitative real time PCR of RLR pathway genes in LDTF transfected
MDBK cells that were stimulated with poly(l:C) for 6 hours. A. In the x-axis, Empty denotes
the pIRES-EGFP-Puro backbone transfection without any insert. The only gene found to get
induced was STING and that too in CEBPA and PU.1-IRES-CEBPA transfected groups
stimulated with 1 ug/ml LMW poly(I:C). B. The screenshot of raw qPCR file depicting the out of
the range Ct values for various RLR pathway genes. The rows with letter B correspond to IFN-p,
letter C- RIG-I, letter D-MDAS5 and letter G-1F116.

4.5. PU.1 is the master regulator of the RLR pathways in buffalo fetal
fibroblasts and endometrial epithelial cells
After the failure of MDBK cells to exhibit RLR pathway activation, two primary non-
immune cell lineages i.e., mesenchymal fibroblasts and epithelial cells were used to
study the effects of LDTFs expression on RLR and DNA sensing pathways. The
transfection of LDTFs cloned in pIRES-EGFP-Puro in both types of cells led to high
levels of their gene expression (Figure 4.9A and B). PU.1 levels were induced by ~2544
fold in PU.1 expressing fibroblasts, ~2069 fold in PU.1-IRES-CEBPA expressing
fibroblasts and ~1855 fold in PU.1-IRES-CEBPB expressing fibroblasts. CEBPA fold
change induction by ~2143 and ~2540 were observed for CEBPA and PU.1-IRES-
CEBPA expressing fibroblasts respectively. CEBPB induction by ~1830 and ~1537 fold
were observed for fibroblasts expressing CEBPB and PU.1-IRES-CEBPB respectively.
For PU.1 induction levels in endometrial epithelial cells, ~1693, ~1404 and ~1455 fold
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change in induction were observed in PU.1, PU.1-IRES-CEBPA and PU.1-IRES-CEBPB
expressing cells respectively. For CEBPA, ~1779 and ~2007 fold induction were
observed in CEBPA and PU.1-IRES-CEBPA expressing endometrial epithelial cells
respectively. For CEBPB, ~1604 and ~1284 fold induction were observed in CEBPB and
PU.1-IRES-CEBPB expressing cells respectively. The levels of expression were also
monitored in fibroblasts through immunofluorescence microscopy for GFP expression
(Figure 4.9C). In case of fetal fibroblasts, it was observed that PU.1 and its combination
with either CEBPA or CEBPB were able to up-regulate the RLR pathway genes to very
high extent. CEBPA alone also exhibited similar effects but to a lesser extent while
CEBPB was not found to play any major role in the regulation of the pathway genes
(Figure 4.10A). The major up-regulation in PU.1 (also when PU.1 is in combination with
CEBPA or CEBPB) expressing fibroblasts was observed for RIG-1, MDAS5, IRF7 and
cGAS while these were less up-regulated in case of CEBPA expressing cells. For PU.1,
PU.1-IRES-CEBPA, PU.1-IRES-CEBPB and CEBPA expressing fibroblasts
respectively, ~65, ~77, ~72 and ~26 fold induction for RIG-I, ~20, ~55, ~53 and ~11
fold induction for MDAD5; ~8, ~11, ~10 and ~3 fold induction for IFI16-1; ~61, ~56, ~53
and ~9 fold induction for cGAS; ~27, ~31, ~29 and ~10 fold induction for IRF7 and ~7,
~12, ~13 and ~3 fold induction for LGP2 were observed. In case of MDADS, the
fibroblast cells expressing only PU.1 exhibited lower induction when compared to PU.1
in combination with CEBPA or CEBPB indicating the necessity of cooperative binding
of PU.1 and CEBP LDTFs in MDAGS gene transcription. Similar effects were observed
in endometrial epithelial cells where PU.1 was found to drastically induce the RLR
pathway genes but, in combination with CEBPA or CEBPB, the induction was further
elevated compared to PU.1 alone (Figure 4.10B). For PU.1, PU.1-IRES-CEBPA, PU.1-
IRES-CEBPB and CEBPA expressing epithelial cells respectively, ~22, ~36, ~32 and
~10 fold induction for RIG-I, ~15, ~31, ~33 and ~6 fold induction for MDAS5; ~6, ~9, ~7
and ~2 fold induction for IFI16-I; ~20, ~49, ~48 and ~3 fold induction for cGAS and ~8,
~17, ~14 and ~4 fold induction for IRF7 and ~3, ~7, ~7 and ~2 fold induction for LGP2
were observed. This observation was in line with a previous report in which, both PU.1
and CEBPA play essential roles to establish monocytic enhancer landscape in HelLa
(epithelial cancer) cell line (Jin et al., 2011). As was seen in the fibroblasts, CEBPB was
not majorly involved in the regulation of expression of the RLR pathway genes in
endometrial epithelial cells as well. Some previous reports have also suggested the PU.1
mediated up-regulation of IRF7 (Goto et al., 2017; Ueno et al., 2009) and the ability of
PU.1 to strongly activate the promoter of MB21D1 gene which encodes cGAS
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(Rothenberg et al., 2019) and this is in line with our observations. The only genes that
remained unaffected were the adaptor protein MAVS, transcription factor IRF3 and
Interferon-p. LGP2 and IFI116-1 genes were found to be moderately up-regulated in the
fibroblast and epithelial cells expressing PU.1 and its combination with CEBPA or
CEBPB. The induction levels of IFI16-1 in PU.1 expressing endometrial epithelial cells
was similar to that of PU.1-IRES-CEBPA/CEBPB expressing endometrial epithelial
cells which indicates that CEBP proteins are not playing any cooperative role with PU.1
for regulating IFI16-1 gene. The pathway genes up-regulation in case of CEBPA
transfected endometrial epithelial cells was quite less as compared to CEBPA transfected
fetal fibroblasts. Although, the similar pattern of expression in both cell types indicate
that PU.1 and to a lesser extent, CEBPA, are playing a significant role in the up-
regulation of the RLR pathway genes.
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Figure 4.9: Expression analysis of LDTFs in buffalo fetal fibroblasts and endometrial
epithelial cells. A. Semi-quantitative real time PCR for measuring the relative gene expression
of LDTFs in buffalo fetal fibroblasts (‘Empty’ on x-axis denote the cells transfected with empty
backbone of pIRES-EGFP-Puro vector). B. Semi-quantitative real time PCR for measuring the
relative gene expression of LDTFs in buffalo endometrial epithelial cells (‘Empty’ on x-axis
denote the cells transfected with empty backbone of pIRES-EGFP-Puro vector). B. GFP
expression analysis under the fluorescence microscopy for fetal fibroblasts transfected with
LDTFs.
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Figure 4.10: Expression analysis of RLR pathway and DNA sensor genes under the
influence of LDTFs expression. A. Relative gPCR of RLR pathway and DNA sensor genes in
buffalo fetal fibroblasts subjected to exogenous LDTFs expression. The p-values obtained from
One way ANOVA test have been mentioned in the Table 10 of Annexure-1V. B. Relative gPCR of
RLR pathway and DNA sensor genes in buffalo endometrial epithelial cells subjected to
exogenous LDTFs expression. The p-values obtained from One way ANOVA test have been
mentioned in the Table 11 of Annexure-IV.

4.6. PU.1 has a significant role in priming of non-immune cells to generate

robust immune response against viral dsSRNA mimic poly(l:C)

The effect of LDTFs expression on the cellular ability to generate immune response
against poly(l:C) was assessed in fetal fibroblasts and endometrial epithelial cells as was

done in BOMAC subjected to knock-down of LDTFs. After 6 hours of LMW poly(l:C)
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treatment of the fetal fibroblasts expressing the LDTFs, it was observed that PU.1 or
combination of PU.1 with CEBPA/CEBPB generated very high immune response via the
RLR pathways (Figure 4.11A). The genes RIG-I, MDA5, cGAS, IRF7, IFN-B, ISG54
and ISG56 were induced to very high levels. For PU.1, PU.1-IRES-CEBPA, PU.1-IRES-
CEBPB, CEBPA and CEBPB expressing fibroblasts respectively, ~71, ~65, ~61 ~16 and
~2 fold induction for RIG-I; ~31, ~31, ~30, ~17 and ~7 fold induction for MDAD5; ~10,
~20, ~27, ~4 and 1 fold induction for IFI16-l; ~121, ~147, ~156, ~20 and ~5 fold
induction for cGAS; ~22, ~32, ~35, ~10 and ~2 fold induction for IRF7; ~15, ~23, ~27,
~5 and ~2 fold induction for IFN-B; ~78, ~73, ~75, ~21 and ~8 fold induction for ISG54
and ~81, ~85, ~82, ~29 and ~13 fold induction for ISG56 were observed. In endometrial
epithelial cells, PU.1 combined with CEBP proteins exhibited higher immune response
than PU.1 alone which was similar to the pattern observed in epithelial cells without
poly(l:C) treatment (Figure 4.11B). For PU.1, PU.1-IRES-CEBPA, PU.1-IRES-CEBPB,
CEBPA and CEBPB expressing epithelial cells respectively, ~22, ~31, ~31 ~9 and ~3
fold induction for RIG-I, ~19, ~24, ~22, ~7 and ~4 fold induction for MDAS5; ~9, ~13,
~13, ~6 and ~3 fold induction for IFI16-I; ~24, ~38, ~37, ~15 and ~6 fold induction for
cGAS; ~7, ~13, ~14, ~4 and ~3 fold induction for IRF7 and ~17, ~26, ~27, ~7 and ~6
fold induction for IFN-B were observed. CEBPA expression was also able to prime both
the cell types for generating immune response but to a lesser extent as expected from the
previous results. CEBPB was the least involved in the up-regulation of the RLR pathway
genes in response to poly(l:C). In fetal fibroblasts expressing PU.1 or PU.1-IRES-
CEBPAJ/CEBPB, the highest induction within the category of RNA and DNA sensors
was found for RIG-1 and cGAS respectively. LGP2 and IFI16-1 were found to be less
induced. Transcription factor IRF7 was also up-regulated and IFN-p was also induced
drastically which is a characteristic of poly(l:C) stimulation. However, PU.1 or PU.1-
IRES-CEBPA/CEBPB were not able to up-regulate IFN-B on their own which may
indicate that some SDTFs (Signal Dependent Transcription Factors) are playing role in
the transcriptional up-regulation of IFN-f that are only induced under the influence of
immune pathway stimulation by a signaling molecule as reported previously (Gosselin
and Glass, 2014; Heinz et al., 2015; Ostuni et al., 2013). Interferon stimulated genes like
ISG54 and ISG56 were also significantly up-regulated in PU.1 and PU.1-IRES-
CEBPAJ/CEBPB expressing fibroblasts while IRF3 and MAVS remained unaffected in
all the LDTFs transfected fibroblasts stimulated with poly(l:C). In case of endometrial

epithelial cells, up-regulation pattern was similar to what was observed in fibroblasts viz.
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the highest up-regulation of pathway genes was observed in cells transfected with PU.1
and PU.1-IRES-CEBPA/CEBPB and then to a lesser extent, with CEBPA. CEBPB
exhibited least induction of the RLR pathway genes after poly(l:C) stimulation as was
the case in fetal fibroblasts. The RNA sensors RIG-I and MDA5, DNA sensor cGAS
were greatly induced while LGP2 and IFI116-1 were moderately up-regulated. There was
no effect on MAVS gene expression. IRF7 was also up-regulated, IRF3 was unaffected
while there was robust induction of IFN-f. Overall, these data indicate that PU.1 is a
significant player in the immune response against poly(l:C) which acts through the RLR
pathways and some DNA sensors. Activation of PU.1 in non-immune cells may help in
boosting the immunity at early stages of infection or prior to infection by up-regulating
the expression of nucleic acid sensors which in turn, may aid in the early detection of
virus and generation of appropriate immune response. Chemotherapeutic drugs like DNA
methyl transferase (DNMT) inhibitor decitabine (5 aza-2’-deoxycytidine) in combination
with a histone deacetylase (HDAC) inhibitor chidamide has been shown to up-regulate
PU.1 in lymphoma cells (T. Jiang et al., 2017). In another report, decitabine was shown
to up-regulate RNA and DNA sensors including RIG-1, MDAS5, IFI16 and cGAS in
various ovarian cancer cell lines (Chiappinelli et al., 2015). PU.1 may be playing a key
role in this DNMT inhibitor mediated up-regulation of RNA and DNA sensing pathways
but further studies are required to get more clarity in this regard. Although, prolonged
immune response can lead to cytokine storms which is the major cause of mortality in
viral infections (Xu et al., 2020). Many chemical agents have been reported to inhibit
PU.1 expression and its DNA binding activity which can also be used to suppress
inflammation. Calcitriol (active form of vitamin D) is shown to negatively regulate PU.1
expression (Vyas et al., 2020). Vitamin D is also a modulator of immune response which
up-regulates anti-inflammatory cytokines as well as reduces tissue injury, fibrosis and
expression of pro-inflammatory cytokines that give rise to cytokine storms which is a
major cause of multi organ failures followed by death (Kalia et al., 2021; Sari et al.,
2019). The molecule DB1976 (a selenophene) has been shown to efficiently inhibit
PU.1-DNA binding (Stephens et al., 2016) and it has proved potent in reducing
inflammation, steatosis and fibrosis in liver and fibroblasts (Liu et al., 2020; Wohlfahrt et
al., 2019). Another class of molecules called hairpin polyamides have also been reported
to inhibit PU.1-DNA binding (B. Liu et al., 2019). HDAC inhibitors like TSA
(Trichostatin A) and SAHA (suberoylanilide hydroxamic acid) are involved in the down-

regulation of PU.1 expression and reduction of cytokine storms (Li et al., 2016, 2008).
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SAHA and to a lesser extent, 5 aza-2’-deoxycytidine cause attenuation of poly(l:C)
mediated antiviral responses by down-regulating the expression of PRRs and ultimately,
their downstream signaling (Hennessy et al., 2019) which is in contrast to other reports
discussed previously. Although, PU.1 plays a significant role in the regulation of the
RLR pathway genes, still further studies would be required to find the exact roles of
various epigenetic modifiers in context to innate immunity and their dependence on PU.1

activity.

It is also worth noting that in the esiRNA-mediated knock-down of LDTFs in BOMAC
(Objective 1), CEBPA knock-down was found to suppress the RLR pathway genes
expression. Although, PU.1 knock-down failed, however, the observations in the
objective 2 indicate that PU.1 is playing more important role than CEBPA in the
regulation of RLR pathway genes expression. Successful knock-down of PU.1 would
have further confirmed its role in the regulation of the RLR and DNA sensing pathway

gene regulation.

Summary of Objective 2

In this objective, the non-immune cells namely, MDBK cell line, primary buffalo
fibrobasts and endometrial epithelial cells were subjected to ectopic expression of the
LDTFs PU.1, CEBPA and CEBPB. Following observations were deduced from the
objective 2:

o MDBK cell line was observed to be a good model for ectopic LDTF expression
however, it failed to stand as a good model for the RLR pathway studies due to
its unresponsiveness against poly(l:C) stimulation.

o In fetal fibroblasts, PU.1 was found to be the master transcription factor in the
regulation of the RLR pathway genes as well as the DNA sensors.

o In fibroblasts, combination of PU.1 with CEBPA or CEBPB also caused up-
regulation of the genes to similar extent as PU.1 alone. CEBPA also up-regulated
the pathway genes but to a lesser extent while CEBPB did not play any major
role in the regulation.

o In epithelial cells, PU.1 in combination with CEBPA or CEBPB was found to up-
regulate the RLR and DNA sensing genes to the highest extent followed by PU.1
alone. CEBPA also up-regulated the genes to a lesser extent while CEBPB did

not play any role in the regulation.
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o PU.1, its combination with CEBPA/CEBPB and to a lesser extent, CEBPA were
also able to prime the fibroblasts and the epithelial cells to generate a robust

immune response against poly(l:C).
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Figure 4.11: Expression analysis of RLR pathway and DNA sensor genes when the cells
under the influence of LDTFs expression are stimulated with poly(l:C). A. Relative gPCR of
RLR pathway and DNA sensor genes in buffalo fetal fibroblasts subjected to LDTFs expression
followed by poly(l:C) stimulation for 6 hours. The p-values obtained from One way ANOVA test
have been mentioned in the Table 12 of Annexure-1V. B. Relative gPCR of RLR pathway and
DNA sensor genes in buffalo endometrial epithelial cells subjected to LDTFs expression followed
by poly(1:C) stimulation for 6 hours. The p-values obtained from One way ANOVA test have been
mentioned in the Table 13 of Annexure-IV.
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SUMMARY & CONCLUSIONS

The study was aimed to explore the role of PU.1 and CEBP transcription factors in the
regulation of the antiviral RIG-I like receptor pathways in bovine immune and non-
immune cells. The knock-down of PU.1, CEBPA, and CEBPB in immune cells BOMAC
(macrophage) was achieved by transfecting esiRNAs against the corresponding genes.
CEBPA knock-down was effective, however CEBPB knock-down was unsuccessful.
However, in the case of PU.1, strong up-regulation rather than down-regulation was
seen, and a complete understanding of the underlying process was outside the scope of
this research. Most RLR pathway genes were down-regulated when CEBPA was
knocked-down (additionally including DNA sensors like IFI16-1, cGAS and DAI). The
knock-down significantly reduced the inflammatory response in BOMAC triggered with
dsRNA virus mimic poly(l:C), as observed by decreased expression of RLR pathway
effector genes such as IFN-B and many ISGs. As a result, CEBPA could be used to
modulate immunological responses in immune cells. MDBK was chosen as the cellular
model of choice for transfection of LDTF genes (cloned in mammalian expression vector
PIRES-EGFP-Puro) in non-immune cells and it demonstrated good exogenous LDTF
expression but did not respond to poly(l:C) stimulation. Therefore, primary cells were
chosen as the new models for the linked research because LDTF expression, which was
predicted to promote up-regulation of the RLR pathways, did not cause any such
alterations in the MDBK cell line. PU.1 was discovered to be the master regulator of the
RLR pathway receptors, transcription factors, and certain DNA sensors (like IFI16-I and

cGAS) in buffalo fetal fibroblasts and endometrial epithelial cells.

In fibroblasts, PU.1 alone or in conjunction with CEBPA/CEBPB were both able to up-
regulate the RLR pathway genes to equal levels, while in endometrial epithelial cells,
PU.1 in combination with CEBPA/CEBPB was able to up-regulate the genes to higher
levels than PU.1 alone. CEBPA was able to up-regulate the pathway genes in both cell
types to some extent, but CEBPB was found to play no function in the regulation. In
none of the transfected groups, IFN-B was upregulated. When stimulated with poly(l:C),
the cells expressing PU.1 or its combination with CEBPA/CEBPB were able to prime the
fetal fibroblasts for the generation of a robust immunological response via RLR
pathways. When endometrial epithelial cells expressing the LDTFs were stimulated with
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poly(l:C), a similar response was seen. IFN-B was up-regulated to very high levels,

implying the involvement of some additional signal-dependent transcription factors.

CEBPA was able to up-regulate the epithelial cells' RLR pathway genes, albeit to a lesser

extent than PU.1 and CEBPB did not play a significant role in the epithelial cell RLR

pathway gene regulation. In non-immune cells, PU.1 was a better target for immune

modulation than CEBPA, but because its knock-down in macrophage cells failed, it

cannot be claimed that it is not a better target in immune cells, and more research is

needed to gain insights into this conundrum.

The conclusions drawn from the study are as follows:

CEBPA knockdown causes RLR pathway sensors and transcription factors to be
down-regulated in the myeloid cell line BOMAC. CEBPA-deficient cells can also
exhibit diminished inflammatory response to poly(l:C). This suggests that
CEBPA could be used to modulate immune responses during cytokine storms.

The MDBK cell line is a suitable model for protein expression but not for RLR

pathway research.

In non-immune cells, PU.1 is the dominant lineage determining transcription
factor that regulates the RLR pathway genes. In fibroblasts, PU.1 alone is
adequate for dramatically increasing the RLR pathway genes and DNA sensors,
however in epithelial cells, PU.1 cooperates with either CEBPA or CEBPB to
further up-regulate the gene expression. CEBPA, like PU.1, can trigger pathway
genes in non-immune cells, but to a lesser level, whereas CEBPB has no effect on

the regulation.

PU.1 can stimulate non-immune cells such as fibroblasts and epithelial cells to
produce a powerful immune response against dsSRNA viral mimic poly(l:C). In
both types of cells, CEBPA is a weaker up-regulator of the genes, but CEBPB
has no effect. As a result, PU.1 might be targeted before viral infections and
assessed for its potential to eliminate viral loads quickly in the event of a disease
outbreak. It may also be suppressed later in the infection to prevent excessive

cytokine storms, which are the leading cause of viral infection mortality.
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Future Directions

o The up-regulation of PU.1 in macrophage cells transfected with esiRNA against
it remains a mystery and could be a research topic. Other proteins' effects on
PU.1 regulation can be investigated by utilizing transcription factor binding
assays such as ChIP-sequencing (chromatin immunoprecipitation with
sequencing) and study of PU.1 promoters and enhancers. Mechanistic insights
into the esiRNA-mediated up-regulation of the PU.1 gene could also be gained

through protein quantification investigations.

o ChlP-Seq and chromosomal conformation capture technologies can be used to
investigate the exact molecular basis of the regulatory mechanisms of the RLR
pathway genes through PU.1 and CEBP LDTFs.

. Several medicines (as noted in the results and discussion) affect the expression of
the LDTFs and, as a result, they may also affect the RLR pathways in animal

models.
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ANNEXURE-I

Primers used for LDTF amplification. The underlined regions are the sites for

restriction enzymes (Nhel in case of forward and Xhol in case of reverse
primers). 4 and 5 additional nucleotides were added at 5> end of Nhel and Xhol
sites respectively to facilitate efficient enzyme binding on DNA.

ATGCAACGCCTGGTGGTCTGGGA

Primer
name Sequence Length (bp)
ATATGCTAGCATGTTACAGGCGTGCAAAATGGA
PULFW AGGGTTTC 41
PU.1 RV AATAACTCGAGTCAGTGGGGCGGGTGGCGC 30
PU.1 3> UTR RV | CGAAGGGGTTAATGCTATGGCCAACG 26
CEBPA EW éTATGCTAGCATGGAGTCGGCCGACTTCTACGA 34
CEBPA RV AATAACTCGAGTCACGCGCAGTTGCCCATGGCC 33
CEBPB FW ATATGCTAGCATGCAACGCCTGGTGGTCTGGGA 33
CEBPB RV AATAACTCGAGCTAGCAGTGGCCGGAGGAGGC 32
2. Primers used for the overlap extension PCR to join PU.1 with IRES element
followed by either CEBPA or CEBPB. The underlined region is complementary
to the respective gene while the other part of the sequence is complementary to
the IRES element present in the pIRES-EGFP-Puro vector.
Primer name Sequence Length (bp)
CGCGGTACCGTCGACTGCAGTCAGTGGGGCGG
PU.1 RV IRES GTGGCGC 39
TTTGAAAAACACGATGATAATATGGCCACAACC
CEBPAFWIRES | ATGGAGTCGGCCGACTTCTACGAG S
CEBPB EW IRES TTTGAAAAACACGATGATAATATGGCCACAACC 56

3. Primers used for semi-quantitative real time PCR.

Primer name Sequence Length (bp)
PU.1 FW GCAGTGATGGAGAAAGCCACAGCG 24
PU.1 RV CACGTGCATCTGCTCCAGCTCCA 23

CEBPA FW ATGGAGTCGGCCGACTTCTACGAG 24
CEBPA RV GTCGATGTAGGCGCTGATGTCGATG 25
CEBPB FW GGACTGCAAGCGGAAGGAGGAG 22
CEBPB RV CTGGACGACGAGGACGTGGAC 21
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CTTGCAAGAGGAATACCACTTAAACCCAGAGA

RIG-I FW c 33
RIG-I RV TTCTGCCACGTCCAGTCAATATGCCAGGTTT 31
MDAS5 FW TCTGCTTATCGCTACCACAGTGGCAGA 27
MDAS5 RV TGCTCTCATCAGCTCTGGCTCGACC 25
LGP2 FW CCACCACGTCAATGTGAACCCCAACTTC 28
LGP2 RV TGAGCACTGGCAGCTTCACTGACTTGTAGAT 31
IRF7 FW GCCTCCTGGAAAACCAACTTCCGCTG 26
IRF7 RV GCAGATGGTCCTCCAAGCAGCTCTG 25
IRF3 FW GATACTGCCCTGGCTGATATCTCAGCTG 28
IRF3 RV GTTCAGGGCAGACCGGAAATTCCTCTTC 28
IFN-B FW CACCACAGCTCTTTCCAGGAGCTACA 26
IFN-B RV GGAACTGCTGTTCTTGCTTCATCTCCTC 28
ISG54 FW AAGTGCACGGCAATCATGAGTGAGACCA 28
ISG54 RV CCTCTACCAAGTTCCAGGTGAAATGGC 27
ISG56 FW CTATGTGAAACACCTGAGAGGCCAGAATGA 30
ISG56 RV CAGGCATAGTTGCCCCAGGTAACCAG 26
OAS FW CGACATCATCTGCAGTTTCCTGAAGGAGA 29
OAS RV GGTCGTGCCTTTGCCTGAGGAGC 23
PKR FW ACTGGTCGTTCACCATGTTTCTACATAGAAG 31
PKR RV CCTTCTTTGATCTACCTTCAGCCTTTGGAT 30
IFI16-1 FW GAGAATTGCCTCCAGACTCCTCAGAAGCT 29
IF116-1 RV GTTCCGTTGCCTTCAGCACCATCACTTC 28
cGAS FW GGGGGAATCTTATCGGCTTCTAAGATGCTGT 31
cGAS RV AGGCCAGCTGCTTTTTGACTCCAAAGCCA 29
DAI FW GGGATGAAGACAGCGAAGGAAGTCAACC 28
DAI RV GGTCCCTTTCTGACAGATCATGTTGATTGG 30
DDX41 FW CATGAACGTGTCCGGAAGAAGTACCACATC 30
DDX41 RV CCTGGATCTGAATGGGTGTTGGGTGG 26
STING FW GGCTCATGGGCTGGCCTGGTC 21
STING RV CGGGAAGAGGATGTGCAGCCG 21
RPS18 FW TGCGAGTACTCAACACCAACATCGATGG 28
RPS18 RV GGATTCTGCATAATGGTGATCACACGTTCC 30
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Armexures

4. PCR reaction components for amplification of the LDTF genes
Genes
Components
PU.1* CEBPA CEBPB

5X Q5 Reaction Buffer 2.5 ul 25ul 2.5 ul

dNTP Mix (2 mM each) 0.7 ul 0.7 ul 0.7 ul
Forward primer (10 pM) 0.25 pl 0.25ul 0.25 ul
Reverse primer (10 pM) 0.25 ul 0.25 ul 0.25 ul

Template
Q5 Polymerase
Q5 5X GC Enhancer

Water (upto 25 pl)

2 ul (100 ng cDNA)

0.25 pl

19.05 pl

2 ul (100 ng DNA)
0.25 l

Sul

14.05 pl

2 ul (100 ng DNA)
0.25 pl

Sul

14.05 pl

*The second reaction for PU.1 had all the same reaction components except for template (0.25

ul) and water (20.8 ul)

5. Thermal cycler conditions for the PCR of LDTF genes

Step Temperature Time
Initial Denaturation 98°C 60 seconds
*PCR amplification (30 cycles) :

Denaturation 98°C 10 seconds
Annealing 63°C 10 seconds
Extension 72°C 20 seconds
Final Extension 72°C 120 seconds
Hold 4°C -

*For the 2™ reaction of PU.1, the number of PCR amplification cycles were reduced to 25
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ANNEXURE-III

6. Coding sequences of LDTFs obtained through Sanger sequencing

Gene Sequence

ATGTTACAGGCGTGCAAAATGGAAGGGTTTCCCCTCGTCCCCCCTCAGCCATCGGAAGACCTAGTTCCCTATGACACGGA
TCTCTACCAACGCCAAACGCACGAATATTACCCCTATCTCAGCAGTGATGGAGAAAGCCACAGCGACCATTACTGGGACT
TCCATCCGCACCACGTGCACAGCGAGTTCGAGAGCTTCGCCGAGAACCACTTCACGGAGCTGCAGAGCGTCCAGCCCCCA
CAACTGCAGCAGCTCTACCGCCACATGGAGCTGGAGCAGATGCACGTGCTCGACAGCTCCATGGCTCCTCCCCACGCCAG
CCTCAGTCACCAGGTCCCCTACCTGTCCCGGATGTGCCTGCCGTACCCCTCGCTGTCTCCCGCCCGGCCCAGCTCGGATG
PLJ_l AAGAGGAGGGGGAGCGGCAGAGCCCCCCGCTGGAGGTGTCCGATGGGGAGGCCGACGGCCTGGAGCCAGGGCCTGGCCTC
CTGCACGGGGAGACAGGCAGCAAGAAGAAGATCCGCCTGTACCAGTTCCTGCTGGACCTGCTGCGCAGCGGCGACATGAA
GGACAGCATCTGGTGGGTGGACAAGGACAAGGGCACGTTCCAGTTCTCGTCCAAGCACAAGGAGGCGCTGGCACACCGCT
GGGGCATCCAGAAGGGCAACCGCAAGAAGATGACCTACCAGAAGATGGCCCGAGCGCTGCGCAACTACGGCAAGACGGGL
GAGGTCAAGAAGGTCAAGAAGAAGCTCACCTACCAGTTCAGCGGGGAGGTGCTGGGCCGCGGGGGCCTGGCCGAGCGGCG
CCACCCGCCCCACTGA

ATGGAGTCGGCCGACTTCTACGAGGCGGAGCCGCGGCCCCCGATGAGCAGCCACCTCCAGAGCCCCCCACACGCGCCCAG
CAGCGCCGCTTTCGGCTTTCCCCGGGGCGCGGGCCCCTCGCAGCCCCCCGCCCCACCTGCCGCCCCGGAGCCTCTGGGEG
GCATCTGCGAACACGAGACGTCCATCGACATCAGCGCCTACATCGACCCGGCCGCCTTCAACGACGAGTTCCTGGCCGAC
CTGTTCCAACACAGCCGGCAGCAGGAGAAGGCCAAGGCGGCCGCGGCCCCCGCAGGAGGCGGCAACGACTTTGACTACCC
GGGCGCCCCCGTGGGCCCCGGCGGCGCCGTCATGCCCGGGGGGACGCACGGTCCCCCTCCTGGCTACGGCTGCGCGGCGG
CCGGCTACCTGGACAGCAGGCTGGAGCCTCTGTACGAGCGGGTCGGGGCGCCGGCGCTGCGGCCGCTGGTGATCAAGCAG
C EBPA GAGCCGCGCGAGGAGGACGAAGCGAAGCAGCTGGCGCTGGCCGGCCTCTTTCCCTACCAGCCGCCGLCLCGLCGLLGLLGeC

GCCGCACTCGCACCCGCCGCCCGCTCACCTGGCCGCCCCGCACCTGCAGTTCCAGATCGCACACTGCGGCCAGACCACCA
TGCACCTGCAGCCCGGCCACCCCACGCCGCCGCCCACGCCCGTGCCCAGCCCGCACCCAGCGLCCGLGLTCGGLGLCGCT
GGCCTGCCAGGCCCCGGCGGCGCGCTCAAGGGTCTGGCCGCCGCGCACCCCGACCTCCGTGCGGGCGGTGGCGGCGGLGG
CAAAGCCAAGAAGTCCGTGGACAAGAACAGCAACGAGTACCGGGTGCGGCGCGAGCGCAACAACATCGCGGTGCGCAAGA
GCCGGGACAAGGCCAAGCAGCGCAACGTGGAGACGCAGCAGAAGGTGCTGGAGCTGACCAGTGACAATGACCGCCTGCGC
AAGCGGGTGGAACAACTGAGTCGCGAACTGGACACGCTGCGGGGCATCTTCCGTCAGCTGCCCGAGAGCTCCCTGGTCAA
GGCCATGGGCAACTGC

ATGCAACGCCTGGTGGCCTGGGACCCAGCATGTCTCCCCCTGCCGCCGCCGCCGCCCGCCTTTAAATCCATGGAAGTGGC
CAACTTCTACTACGAGGCGGACTGCTTGGCTGCTGCGTACGGCGGCAAGGCGGCCCCCGCGGCGCCCCCGGCGGCCAGAC
CCGGGCCGCGCCCCCCCGTCGGCGAGCTGGGTAGCATCGGAGAGCACGAGCGCGCCATCGACTTCAGCCCCTACCTGGAG
CCGCTGGGCGCGCCGCAGGCCCCGGCACCCACCACGGCCACGGACACCTTCGAGGCGGCTCCGCCLGLGLCeGLeceeGe
GCCCGCCTCCTCCGGGCAGCACCACGACTTCCTCTCCGACCTCTTCTCCGACGACTACGGGGGCAAGAACTGCAAGAAGG
CGGCCGAGTACGGCTACGTGAGCCTGGGCCGCCTGGGGGCCGCCAAGGGAGCGCTGCACCCGGGCTGCTTCGCGCCCCTG
C EBPB CACCCGCCGCCCCCGCLCGLCLCGCCGCCGCCGCCGGCCGAGCTCAAGGCGGAGCCGGGCTTCGAGCCCGCGGACTGCAAGCG

GAAGGAGGAGGCCGGAGCTCCAGGCGGCGGCGCCGCGGGCATGGCGGCCGGCTTCCCGTACGCGCTGCGCGCCTACCTCG
GCTACCAGGCGGTGCCGAGCGGCAGCAGCGGGAGCCTGTCCACGTCCTCGTCGTCCAGCCCGCCCGGCACGCCGAGCCCC
GCCGACGCCAAGGCGACCCCGGCCGCCGCCGCCTGTTACGCGGGGGCGGCGCCGGCGCCCTCGCAGGTCAAGAGCAAGGC
CAAGAAGACGGTGGACAAGCACAGCGACGAGTACAAGATCCGGCGGGAGCGCAACAACATCGCGGTGCGCAAGAGCCGCG
ACAAGGCCAAGATGCGCAACCTGGAGACGCAGCACAAGGTCCTGGAGCTCACGGCCGAGAACGAGCGGCTCCAGAAGAAG
GTGGAGCAACTGTCGCGCGAGCTCAGCACCCTGCGGAACTTGTTCAAGCAGCTGCCCGAGCCTCTGCTCGCCTCCTCCGG
CCACTGCTAG

7. Sequences of the LDTF genes used for preparing esiRNAs

Position .
Identity
Gene Sequence from o
Yo
TSS
ATGTTACAGGCGTGCAAAATGGAAGGGTTTCCCCTCGTCCCCCCTCAGCCATCGGAAGA 1253 Cow- 100%
CCTAGTTCCCTATGACACGGATCTCTACCAACGCCAAACGCACGAATATTACCCCTATCT (Exons Buffalo-
PU.1 | CAGCAGTGATGGAGAAAGCCACAGCGACCATTACTGGGACTTTCATCCGCACCACGTGC 98.42%
ACAGCGAGTTTGAGAGCTTCCCCGAGAACCACTTCACGGAGCTGCAGAGCGTCCAGCCe | SPanned 1- ‘
CCACAGCTGCAGCAGC 3)
CCCCGCCCCACCTGCCGCCCCGGAGCCTCTGGGCGGCATCTGCGAACACGAGACGTCCA Cow- 100%
TCGACATCAGCGCCTACATCGACCCGGCCGCCTTCAACGACGAGTTCCTGGCCGACCTG 126-442 Buffalo-
TTCCAACACAGCCGGCAGCAGGAGAAGGCCAAGGCGGCCGCGGCCCCCGCAGGAGGCG o
CEBPA | CAACGACTTTOACTACCCGGGCECCCCCOTEEECCCCOOEGGCGECETCATOCCCaa6 | (ntronless 99.68%
GGGACGCACGGTCCCCCTCCTGGCTACGGCTGCGCGGCAGCCGGCTACCTGGACAGCAG gene)
GCTGGAGCCTCTGTACGAGCGGG
CGCCCGCCTTTAAATCCATGGAAGTGGCCAACTTCTACTACGAGGCGGACTGCTTGGCT Cow- 100%
GCTGCGTACGGCGGAAAGGCGGCCCCCGCGGCGCCCCCGGCGGACAGACCCGGGCCGE 53-360 Buffalo-
GCCCCCCCACCGGCGAGCTGGGTAGCATCGGAGAGCACGAGCGCGCCATCGACTTCAGE N
CEBPB | (ccTACCTGEAGCOGCTOGECECECCECAGGCOCCOGCACCCACCACGGCCTCGGACAC |  (Intronless 97.79%
CTTCGAGGCGGCTCCGTCCGCGCCCGCCCCCGTGCCCGCCTCCTCCGGGCAGCACCACG gene)
ACTTCCTCTCCGACCTCTTCTCC
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8. The p-values for One-way ANOVA test conducted on the gPCR experiments
comparing the RLR pathway genes expression between GFP esiRNA and
CEBPA esiRNA transfected BOMAC (refer Figure 4.2A of Chapter 4)

Gene p-value
RIG-I <0.0001
MDAS <0.0001
LGP2 0.0016
MAVS 0.3965
IFI16-1 0.0073
cGAS 0.0025
STING 0.3885
DAI 0.0001
IRF3 0.6215
IRF7 0.0008
IFN-3 0.4539
ISG54 <0.0001
ISG56 <0.0001
OAS 0.4187
PKR 0.6233

9. The p-values (<0.05 for significance) for One-way ANOVA test conducted on the
gPCR experiments comparing the RLR pathway genes expression after
poly(1:C) stimulation between GFP esiRNA and CEBPA esiRNA transfected
BoMAC (refer Figure 4.2B of Chapter 4)

Gene p-value
RIG-I 0.0061
MDA5S <0.0001
LGP2 0.0026
MAVS 0.3965
IFI116-I 0.0169
cGAS 0.0001
STING 0.2175

DAI 0.0007
IRF3 0.0060
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IRF7 0.0005
IFN-3 0.0001
1SG54 <0.0001
1SG56 <0.0001
0AS 0.1587
PKR 0.0039

10. The p-values for One-way ANOVA test conducted on the qPCR experiments
comparing the RLR pathway genes expression (taking empty vector backbone
transfection as control) in buffalo fetal fibroblasts expressing different LDTFs

(refer Figure 4.10A of Chapter 4)

Gene p-values (<0.05 for significance)
CEBPB CEBPA PU.1 PU.1-1-CEBPA | PU.1-1-CEBPB

RIG-I 0.3997 0.0385 <0.0001 <0.0001 <0.0001
MDA5 0.1598 0.0442 0.0023 <0.0001 <0.0001
LGP2 0.2783 0.0436 0.0036 <0.0001 <0.0001
MAVS 0.2953 0.0695 0.0552 0.0473 0.0434
IFI116-I 0.1017 0.0269 <0.0001 <0.0001 <0.0001
cGAS 0.3468 0.0156 <0.0001 <0.0001 <0.0001
IRF3 0.1784 0.1054 0.0498 0.0455 0.0472
IRF7 0.0517 0.0118 <0.0001 <0.0001 <0.0001
IFN-5 0.2384 0.1798 0.0519 0.0491 0.0488

11. The p-values for One-way ANOVA test conducted on the qPCR experiments
comparing the RLR pathway genes expression (taking empty vector backbone
transfection as control) in buffalo endometrial epithelial cells expressing

different LDTFs (refer Figure 4.10B of Chapter 4)

Gene p-values (<0.05 for significance)
CEBPB CEBPA PU.1 PU.1-1-CEBPA | PU.1-1-CEBPB

RIG-I 0.0197 0.0015 <0.0001 <0.0001 <0.0001
MDAS5 0.0371 0.0027 <0.0001 <0.0001 <0.0001
LGP2 0.1054 0.0463 0.0276 0.0019 0.0011
MAVS 0.1784 0.1021 0.0591 0.0482 0.0573
IF116-I 0.2187 0.0377 0.0039 0.0020 0.0031
cGAS 0.0756 0.0213 <0.0001 <0.0001 <0.0001

IRF3 0.2998 0.1896 0.0786 0.0715 0.0669

IRF7 0.0423 0.0265 <0.0001 <0.0001 <0.0001
IFN-pB 0.2105 0.1721 0.0831 0.0675 0.0570
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The p-values for One-way ANOVA test conducted on the qPCR experiments
comparing the RLR pathway genes expression (taking empty vector backbone
transfection as control) in buffalo fetal fibroblasts expressing different LDTFs
followed by poly(1:C) treatment (refer Figure 4.11A of Chapter 4)

Gene p-values (<0.05 for significance)
CEBPB CEBPA PU.1 PU.1-1-CEBPA | PU.1-1-CEBPB

RIG-I 0.0537 0.0197 <0.0001 <0.0001 <0.0001
MDAS5 0.0349 0.0011 <0.0001 <0.0001 <0.0001
LGP2 0.0879 0.0646 0.0183 0.0219 0.0095
MAVS 0.0793 0.0621 0.0591 0.0482 0.0573
IF116-1 0.0556 0.0472 0.0056 <0.0001 <0.0001
cGAS 0.0412 0.0194 <0.0001 <0.0001 <0.0001

IRF3 0.0813 0.0792 0.0628 0.0514 0.0537

IRF7 0.0497 0.0313 <0.0001 <0.0001 <0.0001
IFN-B 0.0458 0.0251 <0.0001 <0.0001 <0.0001
ISG54 0.0347 0.0104 <0.0001 <0.0001 <0.0001
ISG56 0.0293 0.0095 <0.0001 <0.0001 <0.0001

PKR 0.0876 0.0801 0.0695 0.0671 0.0587

13.

The p-values for One-way ANOVA test conducted on the qPCR experiments
comparing the RLR pathway genes expression (taking empty vector backbone
transfection as control) in buffalo fetal fibroblasts in buffalo endometrial
epithelial cells expressing different LDTFs followed by poly(l:C) treatment
(refer Figure 4.11A of Chapter 4)

p-values (<0.05 for significance)

Gene CEBPB CEBPA PU.1 PU.1-1-CEBPA PU.1-1-
CEBPB

RIG-I 0.0201 0.0103 <0.0001 <0.0001 <0.0001
MDA5 0.0391 0.0196 <0.0001 <0.0001 <0.0001
LGP2 0.0423 0.0312 0.0183 0.0219 0.0095
MAVS 0.0886 0.0723 0.0617 0.0577 0.0501
IFI16-1 0.0605 0.0096 0.0059 <0.0001 <0.0001
cGAS 0.0265 <0.0001 <0.0001 <0.0001 <0.0001
IRF3 0.0913 0.0561 0.0497 0.0381 0.0467

IRF7 0.0554 0.0439 <0.0001 <0.0001 <0.0001

IFN-B 0.0227 0.0184 <0.0001 <0.0001 <0.0001
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