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PBMC transcriptome changes in
beef steers with negative or
positive residual feed intake
following in vitro LPS stimulation
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Godstime Taiwo*, Taylor Sidney®, Emily Treon,

Deborah Ologunagba®, Luke M. Gratz?,

Olanrewaju B. Morenikeji* and lbukun M. Ogunade™

Division of Animal Science and Nutritional Sciences, West Virginia University, Morgantown,
WV, United States, 2Division of Biological and Health Sciences, University of Pittsburgh at Bradford,
Bradford, PA, United States

We investigated the changes in the PBMC transcriptome profile of beef steers
with divergent residual feed intake (RFI) following in vitro LPS stimulation.
Negative-RF| beef steers (n =8, RFl= -2.00) and positive-RF| beef steers (n = 8,
RFI = +1.59) were identified from a group of 40 crossbred beef steers (average
BW = 360 + 7.3 kg) after a 56-d RFI testing period. Whole blood samples were
collected for PBMC extraction and were stimulated for 2 hours with LPS,
followed by total RNA extraction and sequencing. The gene expression profiles
of LPS-stimulated PBMCs and the LPS-unstimulated control group from
negative- or positive- RFI beef steers were compared and analyzed.
Differentially expressed genes were determined using FDR < 0.05. In negative-
RFI beef steers, there were 37 differentially expressed genes; the expression of 28
genes such as CD14, TREM1, THBS1, SI00A12, S100A8, SI00A9, CXCL5, ILIRN,
and CCL20 were downregulated, whereas expression of 9 genes including
CCL22, CD83, TRAF1, NFKBIZ, RSG16, CD60, and IL17A were upregulated in
LPS-stimulated PBMC. In positive-RFI beef steers, we found 9 differentially
expressed genes (CCL22, CD83, NFKBIZ, E1BK63, TRAF1, BCL2A1, IFNLRI1,
RSG16, and CD40), all of which were all upregulated. Gene ontology analysis
of the differentially expressed genes revealed the enrichment of biological
pathways related to defense and innate immune response, cell migration, and
cellular response to lipopolysaccharide in negative-RFI beef steers, characteristic
of a prompt and efficient immune reaction. In positive-RFI beef steers, biological
processes associated with T cell activation and differentiation, positive regulation
of adaptive immune response, and immune cell surface receptors were
differentially enriched. Taken together, these findings suggest that negative-RFI
beef steers may possess a more competent and energy-conserving immune
response, marked by a quicker resolution of inflammation and a balanced pro-
and anti-inflammatory response. These results enhance the understanding of the
molecular mechanisms underlying feed efficiency, highlighting the potential role
of immunocompetence in improving livestock productivity.
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Introduction

Increased feed efficiency in ruminants has been of interest
within the past decades due to its capability of reducing
environmental impacts and increasing producer profitability. Feed
efficiency is heavily influenced by factors like environment, diet, and
management practices (Terry et al., 2021; Arthur et al., 2001). One
of the most notable measures of feed efficiency in beef cattle is
residual feed intake (RFI), which is calculated as the difference
between actual feed intake and the predicted intake while
considering the animal’s size and growth rate (Koch et al., 1963).
A negative or low RFI indicates a decrease in feed intake while still
achieving the desired average daily gain (ADG), making the animals
efficient (Herd and Bishop, 2000). Several factors make up the
physiological basis of RFI, some being feed intake amount,
metabolism, and activity. Any slight variation in the efficiency of
these factors may impact the overall RFI status of animals (Herd
and Arthur, 2009; Cantalapiedra-Hijar et al., 2018).

Feed efficiency is a complex trait influenced by multiple
physiological and metabolic factors, including immunocompetence
and overall health. Understanding the interactions between these
factors is essential for improving efficiency in livestock production.
Lipopolysaccharide (LPS), a component of the outer membrane of
Gram-negative bacteria, is commonly used as an inflammatory
immunostimulant in vertebrates due to its ability to elicit an
immune response. Exposure to LPS induces significant
physiological changes, affecting gene expression, cytokine
production, metabolism, and dry matter intake (Nordgreen et al,
2018; Raetz, 1990). Previous studies in pigs have demonstrated that
the systemic inflammatory response following LPS stimulation, as
well as the expression of genes involved in immune defense and
cytokine production, is attenuated in animals with negative residual
feed intake (RFI) compared to their positive-RFI counterparts (Liu
etal, 2019; Onteru et al., 2013). Additionally, research on beef steers
with negative RFI has identified upregulation of molecular
mechanisms associated with enhanced energy conversion from
feed, suggesting a metabolic advantage in these animals (Taiwo
et al, 2022a). These findings highlight the potential link between
feed efficiency and immune function, underscoring the need to
investigate immune responses in RFI-divergent cattle.

The analysis of the transcriptome profile of peripheral blood
mononuclear cells (PBMCs) during an immune response is a well-
established approach for evaluating changes in gene expression.
This method facilitates the identification of signaling and metabolic
pathways influenced by immune activation, thereby enhancing our
understanding of disease resistance and host defense mechanisms
(Adler et al., 2013). Transcriptomic analyses of PBMCs are
particularly valuable as they provide a comprehensive overview of
gene expression directly from immune cells, which play a central
role in pathogen defense, while also offering insight into the genetic
regulation of economically relevant traits such as RFI
(Kadarmideen, 2014). Previous studies have investigated the
effects of LPS challenge on immune function, metabolism, and
gene expression in steers (Lippolis et al., 2017; Kent-Dennis et al.,
2020; Ferronato et al., 2024). However, research specifically
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examining the transcriptome response of PBMCs to LPS in beef
cattle with divergent RFI is lacking. Investigating differences in gene
expression profiles between RFI-divergent cattle may provide
insight into the metabolic efficiency of immune responses,
potentially linking immune function with growth performance
and productivity. Therefore, we hypothesized that beef steers with
divergent RFI would exhibit distinct PBMC transcriptome profiles
in response to LPS challenge. The objective of this study was to
evaluate the effects of LPS challenge on PBMC transcriptome profile
of beef steers with divergent RFL

Materials and methods
Animals and blood collection

All procedures and research protocols were reviewed and
approved by West Virginia University Animal Care and Use
Committee (Protocol No. 2204052569). Sixteen crossbred beef
steers (8 negative-RFI and 8 positive-RFI) were used to evaluate
the effects of in vitro LPS challenge on PBMC transcriptome profile.
A total of 40 beef steers (average BW = 360 + 7.3 kg) were selected
for a 56-d RFI testing period. Individual feed intake was measured
using the GrowSafe intake nodes (GrowSafe Systems Ltd., 125
Airdrie, Alberta, Canada), and daily body weight (BW) was
regressed on time using simple linear regression to calculate
initial BW, mid-test BW, and ADG. The difference between the
predicted regression value and actual measured value was used to
calculate RFI based on the equation reported by Durunna et al.
(2011) and Taiwo et al. (2022b). More details of the feeding trial
including diet and RFI calculation have been reported in these
previous studies. After RFI determination, a total of 16 beef steers
were identified with negative (n = 8; RFI = -2.00) and positive (n =
8; RFI = +1.59) RFI, which were then used to evaluate the effects of
LPS challenge on PBMC transcriptome profile. After identification,
blood samples from the 16 beef steers were collected by jugular
venipuncture into 10-mL collection tubes containing EDTA.

Peripheral blood mononuclear cell
separation

After collection, blood samples were centrifuged at 700 x g for
30 minutes at RT with a brake of 4 to separate white blood cells
(WBCs) as described by Jacobs et al. (2020). Buffy coat from
samples was removed using a pipette and mixed with 1 mL (1x)
PBS (Fisher Scientific, Hampton, NH). Any remaining red blood
cells (RBCs) were removed by adding 3 mL ACK Lysis Buffer
(Quality Biological, Gaithersburg, MD), vortexing, and incubating
for 5 minutes at RT and resuspended with PBS. To pellet WBCs,
tubes were centrifuged at 112 x g for 5 minutes at RT. Cells were
suspended with 3 mL PBS and layered over 5 mL of lymphocyte
separation media (Corning, Fisher Scientific, Hampton, NH) and
were centrifuged at 400 x g for 20 minutes with a brake of 1 so
PBMC:s could separate. The cells found in the middle layer were
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removed by pipette and resuspended in 10 mL PBS. Viability of cells
was verified to have >80% PBMC, and total cell counts greater than
2 x10° by using a cell counter (Countess II FL Automated Cell
Counter, Thermo Fisher Scientific, Waltham, MA).

In vitro cell stimulation

Peripheral blood mononuclear cells were diluted to 1 x10° in
complete media consisting of RPMI 1640 (Cytiva Hyclone, Fisher
Scientific, Hampton, NH) with 0.1% FBS (Corning, Fisher
Scientific, Hampton, NH) and penicillin/streptomycin/neomycin
antibiotic mixture (Fisher Scientific, Hampton, NH). The cells
(500uL) were added to a 24-well round bottom cell culture plate
(CellStar, Greiner Bio-one, Monroe, NC) at a concentration of
500,000 cells/well. Four wells were used for each animal, two for
treatments and two for controls. We added 500uL LPS from E. coli
O111:B4 (20 pg/mL, SKU L4391-1MG; Sigma-Aldrich, St. Louis,
MO) diluted in complete media to each treatment well to begin
stimulation, and we then added 500puL of complete media to each
control well. The cells were incubated for two hours at 37°C and 5%
CO? a 2-hour stimulation window allows for the preliminary
analysis of the early immune response triggered by LPS (Kaveh
etal, 2012). The cells were removed after incubation, the wells were
pooled together for each animal and were immediately processed
for RNA isolation.

RNA extraction, sequencing, and
statistical analysis

Total RNA was extracted from PBMC samples using the
RNeasy Micro Kit (Catalog No. 74004; Qiagen, Germantown,
MD), following the manufacturer’s instructions. RNA
concentration was measured using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, Waltham, MA),
with an A260/A280 ratio between 1.8 and 2.1. The quality of
RNA samples was assessed using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA), ensuring RNA integrity
numbers (RIN) above 8.

For library construction, messenger RNA was purified from the
total RNA using poly-T oligo-attached magnetic beads.
Fragmentation was followed by the synthesis of the first cDNA
strand using random hexamer primers, then the second cDNA
strand. The library was prepared through end repair, A-tailing,
adapter ligation, size selection, amplification, and purification. The
quality of the library was checked using Qubit and real-time PCR
for quantification, and a bioanalyzer for size distribution detection.
The qualified libraries were then sequenced on an Illumina NovaSeq
6000 platform, generating 150 bp paired-end reads per sample,
according to the effective concentration and required data output.

Trimming and quality control of raw sequencing data were
performed using CLC Genomics Workbench 25.0 (Qiagen, CLC
BIO, Aarhus, Denmark) following the procedures described by
Canovas et al. (2014). Briefly, low-quality reads (Q-score < 5),
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adapter-containing sequences, and reads with more than 10%
ambiguous (N) base calls were removed. Quality control was
assessed using the NGS quality control tool in CLC Genomics
Workbench. High-quality reads were then mapped to the Bos
taurus ARS-RCD1.3 reference genome using the RNA-seq
analysis algorithm in CLC Genomics Workbench 25.0. Gene
expression was quantified using the RNA-seq Analysis tool to
evaluate differential gene expression in response to LPS
stimulation. Differentially expressed genes (DEGs) were identified
based on a False Discovery Rate (FDR) < 0.05. Pathway and
functional enrichment analysis of the DEGs was conducted using
the SR-plot platform (Tang et al., 2023).

Results

The average RFI values of negative- and positive-RFI beef steers
were -2.00 and 1.59 respectively. After sequence read processing, an
average of 47,772,815 + 4,792,832 reads per sample was generated
(Supplementary Table 1). The PCA plots showing the distribution
of the transcriptome data are shown in Supplementary Figure 1.

PBMC transcriptome without LPS
stimulation

We determined the DEGs by comparing LPS-unstimulated
PBMC:s from both negative- and positive-RFI beef steers. In total,
there were 3 DEGs (RPS3A, RBM44, and EDNRB) identified and
were all upregulated in negative-RFI beef steers (FDR < 0.05;
Table 1). Results of the pathway analysis revealed that these genes
are associated with cell development and differentiation (Figure 1).

Transcriptomic changes in negative-RFI
beef steers following LPS stimulation

The gene expression profiles of LPS-stimulated PBMCs and the
LPS-unstimulated control group from negative-RFI beef steers were
compared and analyzed. We identified 37 differentially expressed
genes (DEGs), with 9 upregulated and 28 downregulated after LPS

TABLE 1 Differentially expressed genes in negative or positive-RFl beef
steers without LPS stimulation.

Gene Gene name Log, FDR
symbol fold change1 p-value
RPS3A Ribosomal 5.12 1.48E-06
protein S3A
RBM44 RNA binding motif 573 1.36E-03
protein 44
EDNRB Endothelin receptor 1.96 0.02
type B

'Positive fold change indicates upregulated genes in negative-RFI; negative fold change
indicates downregulated genes in negative-RFI.
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FIGURE 1

Functional analysis of the differentially expressed genes between beef steers with negative or positive residual feed intake prior to LPS stimulation.

stimulation (Table 2). Functional analysis revealed that these DEGs
were associated with several biological processes including immune
responses, defense mechanisms, inflammatory responses, and WBC
migration (Figure 2).

Transcriptomic changes in positive-RFI
beef steers following LPS stimulation

The transcriptomic profiles of LPS-stimulated PBMCs and the
LPS-unstimulated control group from positive-RFI beef steers were
comparatively analyzed. In total, 9 DEGs were identified, all of
which were upregulated after LPS stimulation (Table 3). The GO
analysis revealed that the DEGs were primarily associated with
biological processes including GTPase activity, T cell activation and
differentiation, immune response-related cell surface receptor
activation, lymphocyte differentiation, and positive regulation of
inflammatory and adaptive immune response (Figure 3). The 5
differentially expressed genes shared by both negative-RFI and
positive-RFI groups are CCL22, CD83, TRAF1, NFKBIZ, and
RGS16 (Supplementary Figure 2).

Discussion

Differentially expressed genes without
LPS stimulation

The homeostatic immune response is essential for maintaining
and balancing physiological systems, even before pathogen invasion

Frontiers in Animal Science

TABLE 2 Differentially expressed genes in negative-RFI beef steers
following LPS stimulation.

04

Gene Gene name Log, fold FDR
symbol change!

CCL22 C-C Motif Chemokine ligand 22 2.38 9.39E-11
CD14 Cluster of Differentiation 14 -1.16 3.60E-06
CSFIR Colony Stimulating Factor -1.21 9.16E-06

1 receptor
CD83 CD83 molecule 0.99 1.19E-04
F13A1 Coagulation Factor XIII A Chain -0.94 2.13E-04
S100A12 §100 Calcium Binding Protein A12 -1.04 5.00E-04
CXCL5 C-X-C Motif Chemokine Ligand 5 -1.66 5.00E-04
S100A8 $100 Calcium Binding Protein A8 -1.11 8.28E-04
TRAF1 TNF Receptor Associated Factor 1 0.71 1.20E-03
PLBD1 Phospholipase B Domain -0.97 1.34E-03
Containing 1
AREG Amphiregulin -1.69 1.36E-03
STOM Stomatin -0.87 1.36E-03
FCN1 Ficolin 1 -1.01 1.36E-03
PLXDC2 Plexin Domain Containing 2 -1.31 1.36E-03
VCAN Versican -0.96 2.21E-03
SLC2A6 Solute Carrier Family 2 Member 6 -0.96 2.21E-03
NFKBIZ NFKB Inhibitor Zeta 0.72 2.27E-03
(Continued)
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TABLE 2 Continued

Gene Gene name Log, fold FDR
symbol change?
RGS16 Regulator of G Protein Signaling 16 0.98 2.49E-03
CFD Complement Factor D -1.07 2.69E-03
TREM1 Triggering Receptor Expressed On -1.07 3.18E-03
Myeloid Cells 1
THBS1 Thrombospondin 1 -1.34 3.93E-03
S100A9 $100 Calcium Binding Protein A9 -0.90 4.73E-03
ILIRN Interleukin 1 Receptor Antagonist -0.84 8.83E-03
LTBR Lymphotoxin Beta Receptor -1.07 0.01
TNIP3 TNFAIP3 Interacting Protein 3 -1.04 0.02
IL17A Interleukin 17A 1.54 0.02
TRAF4 TNF Receptor Associated Factor 4 0.48 0.02
CLEC4D C-Type Lectin Domain Family 4 -1.31 0.03
Member D
C1QB Complement Clq B Chain -1.54 0.03
MCEMP1 | Mast Cell-Expressed Membrane -0.74 0.03
Protein 1
TMBIM1 Transmembrane BAX Inhibitor -0.79 0.03
Motif Containing 1
CDA Cytidine Deaminase -0.83 0.03
CCL20 C-C Motif Chemokine Ligand 20 -1.29 0.03
CD69 CD69 Molecule 0.55 0.03
EMILIN2 | Elastin Microfibril Interfacer 2 -0.69 0.03
ELN Elastin -1.13 0.03
RRAD RRAD, Ras Related Glycolysis 0.94 0.04

Inhibitor and Calcium
Channel Regulator

'Positive fold change indicates upregulated genes after LPS stimulation; negative fold change
indicates downregulated genes after LPS stimulation.

(Davis, 2022). When immune pathways function properly, all
physiological processes remain in a steady-state condition.
Therefore, metabolic or nutritional status is one of the key factors
that determine how defense mechanisms respond to pathogens
(Palladino and Colombatto, 2022). In our study, we identified 3
DEGs between the negative and positive RFI—RPS3A, EDNRB, and
RBM44. Ribosomal protein S3A (RPS3A) is known to exhibit
significant correlations with CD4+ T cells, CD8+ T cells, and
macrophages, potentially becoming a key gene involved in pro-
inflammatory responses during a disease challenge. As a ribosomal
protein gene, RPS3A contributes to the function and structure of
ribosomes, as well as the initiation, elongation, and termination
phases of protein translation. Studies have reported that this gene
plays a critical role in biological functions such as the regulation of
cell proliferation, cellular metabolism, and inflammation (Gao and
Hardwidge, 2011; Slizhikova et al.,, 2005). RPS3A is required for LPS
signal transduction at the time of inducing pro-inflammatory
cytokine production (Li et al., 2018). Thus, the upregulation of
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this gene in negative-RFI beef steers could also indicate a more
competent immune system by preparing the animals to mount a
prompt pro-inflammatory response to disease, followed by a steady
anti-inflammatory response.

Similarly, upregulation of EDNRB drives the enrichment of
various biological processes like cell development and
differentiation in negative-RFI PBMCs. EDNRB expression
upregulates the production of endothelin receptor type B
proteins, which regulate several biological processes including
blood vessel development and function, hormone production and
stimulation of cell growth and proliferation. In humans, it has been
found that reduced expression of EDNRB is associated with
proliferation of cancer cells (MedlinePlus, 2022; Wei et al., 2020).
RBM44 is well-documented as being enriched in the testes, where it
functions as an intercellular bridge component during meiosis and
is essential for male fertility (Iwamori et al., 2011). However, its role
in PBMCs remains unclear. The observed upregulation in immune
cells may indicate a potential involvement in immune modulation,
cellular stress response, or metabolic adaptation during
inflammation. Further research, including functional validation
studies, is needed to elucidate its specific role in PBMCs and its
potential implications in immune responses.

Transcriptome changes in PBMCs after LPS
stimulation in negative-RF| beef steers

The downregulation of CD14, TREMI1, THBS1, S100A12,
S100A8, S100A9, CXCL5, ILIRN, and CCL20 was observed in
negative-RFI PBMCs after LPS stimulation. Cluster of
differentiation 14 (CD14), a co-receptor of Toll-like receptor 4
(TLR-4), can recognize and interact with LPS, pathogen-associated
molecular patterns (PAMPs), and damage-associated molecular
patterns (DAMPs). Upon the presence of a pathogen, instead of
signaling to other cells, CD14 presents LPS to various proteins,
including the TLR-4 and MD-2 complex. Consequently, these
complexes signal the transcription of pro-inflammatory cytokines
to restore the immune system (Na et al., 2023). Consistent with other
literature, the stimulation of human monocytes with LPS creates an
increase in CD14 expression within 30 minutes, followed by a slow
decrease after 1-3 hours. The downregulation of this gene after LPS
stimulation could indicate that the PBMCs from the negative-RFI
steers were prompt in responding to the challenge. Therefore, by the
2-hour mark post-stimulation, CD14 had already activated the
respective inflammatory pathways, resulting in decreased
expression (Marchant et al, 1992). TREM1 receptors, located on
cell surfaces expressed on myeloid cells, also contribute to this
decrease in gene expression. Their ability to amplify the immune
response relies on enabling granulocyte and monocyte responses to
pathogens. Similarly, THBS1 regulates immune cell function by
interacting with T cell surface receptors and acts as a
chemoattractant for neutrophils, monocytes, and macrophages to
the site of infection. Therefore, a decline in the demand to activate
inflammatory pathways from TREM1 and THBS1 consequently
decreased CD14 expression (Colonna, 2023; Kaur and Roberts, 2024).
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FIGURE 2

Gene ontology analysis of the differentially expressed genes in negative-RFI beef steers after LPS stimulation.

The differential expression of S100A12 was also observed. This
protein, expressed by neutrophils and macrophages, supports
innate immune responses. Upon LPS stimulation, the activity of
this protein induces chemotactic activity, leukocyte recruitment,
and activation of intracellular cascades for cytokine production.
Literature indicates that high levels of SI00A12 in human serum
can be used as a marker for chronic inflammatory conditions, and
both S100A8 and S100A9 exhibit antimicrobial, pro- and anti-

TABLE 3 Differentially expressed genes in positive-RFI beef steers
following LPS stimulation.

Gene Gene name Log, fold FDR

change!

symbol

CCL22 Chemokine (C-C motif) 227 1.74E-07
ligand 22

CD83 CD83 molecule 0.99 1.88E-03

NFKBIZ NFKB Inhibitor Zeta 0.81 1.98E-03

E1BK63 Ribosomal protein L15 2.64 2.46E-03

TRAF1 TNF Receptor Associated 0.75 3.01E-03
Factor 1

BCL2A1 BCL2 Related Protein Al 0.87 4.73E-03

IFNLR1 Interferon Lambda 1.01 5.63E-03
Receptor 1

RGS16 Regulator of G Protein 0.95 0.04
Signaling 16

CD40 CD40 Molecule 0.72 0.04

'Positive fold change indicates upregulated genes after LPS stimulation.
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inflammatory properties, suggesting their role in immunity is to
contribute to homeostasis even when there is inflammation (Meijer
etal, 2012; Wang et al., 2018). The activation of both the innate and
adaptive immune systems can be further justified with the presence
of different chemokines and cytokines. CXCLS5 is a chemokine that
uses innate immune cell trafficking to recruit neutrophils to
infection sites to regulate host defense. Pro-inflammatory
cytokines like TNF-oo and IL-1B can activate NF-xB signaling,
which increases CXCL5 production. This chemokine is
considered a target in liver cancer, with antibodies against it
serving as a treatment option that can suppress tumor growth,
proliferation, and migration (Xia et al., 2015). In a study conducted
by Dervishi et al. (2023), mice treated with subcutaneous LPS
demonstrated upregulation of this gene in the spleen. Given that
CXCLS5 attracts neutrophils to infection sites, these then stimulate
the production of CCL20, another essential chemokine involved in
signaling immune cell trafficking in immature dendritic cells (Affo
etal., 2014). Furthermore, the overexpression of CXCL5 can also be
induced by IL-1[3; however, because the role of IL-1RN inhibits the
binding of IL-1A and IL-1B to the IL-1 receptor, the cellular
responses that induce pro-inflammatory reactions are not
triggered (Gomez-Flores-Ramos et al., 2014). The downregulation
of CXCL5, IL-1RN, and CCL20 elucidates that PBMCs from
negative-RFI beef steers activated the innate immune system’s
line of defense promptly, hence the expression of these genes
declined because they work together to mediate inflammatory
responses within 2 hours post-stimulation.

The upregulation of some genes, such as CCL22, CD83, TRAFI,
NFKBIZ, RSG16, CD60, and IL17A, was observed in negative-RFI
beef steers after LPS stimulation. As previously discussed, CCL20 is
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FIGURE 3

Gene ontology analysis of the differentially expressed genes in positive-RFI beef steers after LPS stimulation.

necessary for signaling and cell migration, and the production of
this chemokine is induced by IL17. This cytokine is essential for
host defense against bacteria, and it has been shown to be
upregulated in LPS-induced inflammation (Das and Khader,
2017). Literature has found the cross-communication of this
interleukin with other innate immune cells to be essential in the
switch to adaptive immunity if infection is not cleared. Its
upregulation in PBMCs from negative-RFI beef steers
demonstrates the effect it has on bridging T cell activation to
neutrophil activation and migration (Zenobia and Hajishengallis,
2015). IL17 is a pro-inflammatory cytokine that promotes
inflammation and protects against infection. CD4+ and CD8+ T
cells can secrete IL17, and although chronic IL17 signaling can turn
protective acute inflammation into chronic immunopathology, its
function is essential and of interest in the development and
progression of disease. Besides jumpstarting strong pro-
inflammatory responses, IL17 can express anti-inflammatory
cytokines like IL10 to create a balance and link T cell activation
to neutrophil mobilization (Zenobia and Hajishengallis, 2015).
CD60, which has not been discussed yet, is identified as a T cell
marker commonly expressed on the surface of T lymphocytes,
whose activation can be triggered through CD60 activity. Upon
immune disruption, CD4+ T cells promoted by CD60 have been
found to be predominantly efficient in the transformation of B cell
differentiation into Ig-secreting cells (Bluth et al., 2005). Wada et al.
(1998) analyzed the developmental changes of T cells with CD60
expression and found that this expression was upregulated in
memory CD4+ T cells in comparison to memory CD8+ T cells.
These memory cells are of utmost importance in the adaptive
immune response because of their generation after exposure and
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their unique antigen recognition capabilities to provide protection
upon re-exposure.

The functions of the previously discussed genes overall indicate
a strong response from both innate and adaptive immunity to the
pathogen. The pathway analysis result of all DEGs in negative-RFI
beef steers revealed that these genes are involved in the innate
immune response, inflammatory response, and WBC migration.
They work together to maintain a balance between pro- and anti-
inflammatory reactions with the goal to return to homeostasis. This
prevents an excessive pro-inflammatory response, thereby, reducing
energy demand and usage, potentially leading to improved feed
efficiency to support growth and productivity (Wang et al., 2019).
Studies have shown that negative-RFI beef steers have
demonstrated improved responses to inflammation, expending
less energy towards fighting pathogens compared to beef steers
with positive-RFI (Arshad et al., 2024; Ferronato et al., 2024), thus
allowing for a more efficient utilization of nutrients for growth
(Serna-Garcia et al,, 2023). This is further supported by findings
from Chen et al. (2011), where an upregulation of genes involved in
cell migration and defense response occurs in negative-RFI bulls in
comparison to positive-RFI, suggesting a larger biological response
to challenges through innate immunity.

Transcriptome changes in PBMCs after LPS
stimulation in positive-RFI beef steers
The upregulation of EIBK63, BCL2A1, CD40, and IFNLRI was

observed in positive-RFI PBMCs after LPS stimulation. Increased
E1BK63 expression is known to participate in ribosomal assembly
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and pre-rRNA processing. Alteration to the expression of this gene
may affect ribosome translational efficiency. For instance,
overexpression of E1BK63 augments global protein translation
and has an enhanced impact on the translation of transcripts
encoding other ribosomal proteins (Ebright et al., 2020).
Ribosomal proteins are involved in an organism’s physiological
and pathological processes; they contain positively charged amino
acid clusters that interact with the negatively charged bacterial
surface of LPS (Chen et al., 2021). As a result, when exposed to LPS,
E1BK63 promotes the generation of antimicrobial proteins that aid
in clearing the pathogen; however, its overexpression has various
implications. Recent studies indicate that upregulation of this gene
is associated with cell proliferation in gastric cancer and metastasis
in breast cancer (Ebright et al., 2020). Similarly, T helper (Th) cells
produce IEN-A, and IFNLRI is a cytokine receptor that binds to it,
promoting antiviral activity. Research in pigs with porcine
reproductive and respiratory syndrome virus (PRRSV) showed an
upregulation of IFN-A after infecting their macrophages. In the
presence of a viral infection or inflammation, IFNLR1 expression
increases, as does IFN-A, promoting signal transduction cascades
and immunoregulatory functions (Qin et al., 2021). Evidence has
shown that overexpression or sustained expression of IFNLRI
increases the amount of CXC chemokines generated in response
to IFN-A. These chemokines are crucial for inflammation and anti-
tumor immunity, so their overexpression is positively associated
with cancer metastasis, making them potential diagnostic and
prognostic biomarkers (Wu et al., 2022).

In addition, the expression of BCL2A1 facilitates the survival of
leukocytes to aid in inflammation. Several reports have outlined the
importance of its upregulation for B lymphocyte function and survival
upon CD40 signaling. Sustained expression of CD40 protects B cells
from antigen receptor-mediated apoptosis (Craxton et al., 2000; Vogler,
2012). Altogether, these results indicate there are both direct and
indirect effects on the adaptive immune system of the positive-RFI beef
steers. When comparing the magnitude of gene upregulation after LPS
stimulation in positive-RFI to the negative-RFI group, the differential
expression of genes for the recruitment of cells and activation of
pathways differs, suggesting that both groups combat the pathogen in
different ways.

The pathway analysis result of all the DEGs in positive-RFI beef
steers, including NFKBIZ, RGS16, and CD40 revealed that these genes
are primarily involved in regulation and activation of the adaptive
immune response and T cell proliferation. The innate response is
immediate, while the adaptive response takes longer to develop. When
the innate immune system is unable to clear pathogens, the adaptive
immune system steps in to mount a more targeted and sustained
response; however, the adaptive immune system responds more
slowly but provides a more specific and long-lasting defense against
pathogens, but this comes at the expense of higher energy expenditure
than innate immune response. While both the innate and adaptive
immune responses require energy to function, the adaptive immune
response generally consumes more energy due to the need for
extensive cell proliferation, high levels of protein synthesis,
metabolic reprogramming, and the formation and maintenance of
memory cells (McDade et al., 2016; Sherwood et al., 2022).
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Conclusion

The differential response to in vitro LPS stimulation between
negative-RFI and positive-RFI beef steers highlights significant
varjations in their innate and adaptive immune responses. Negative-
RFI beef steers exhibited downregulation of genes like CD14, TREM1,
THBSI, S100A12, and CXCLS5, indicating a prompt and effective
activation of their immune pathways, leading to a swift return to
homeostasis. This efficient immune response aligns with their
improved feed efficiency and nutrient utilization. Conversely,
positive-RFI beef steers showed upregulation of genes such as
E1BK63, BCL2A1, CD40, and IFNLRI, suggesting a heightened and
sustained activation of immune pathways, particularly involving the
adaptive immune response. The pronounced gene expression in
positive-RFI beef steers points to a more prolonged and energetically
costly immune response, potentially impacting their overall growth and
productivity. These findings underscore the distinct immunological
strategies employed by beef steers with differing RFI profiles, with
negative-RFI beef steers demonstrating a more energy-efficient
immune response that can support improved growth and
productivity. While qPCR validation was not conducted, the
transcriptomic data provide a comprehensive overview of gene
expression changes in response to the LPS challenge. These findings
offer valuable insights into the immune response and metabolic
adaptations in RFI-divergent cattle, which can guide future studies
incorporating targeted validation approaches.
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