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ABSTRACT

Extensive metabolic, physiological, and immunologi-
cal changes are associated with calving and the onset
of lactation. As a result, cows transitioning between
pregnancy and lactation are at a greater risk of meta-
bolic and infectious diseases. The ability of neutrophils
to mount an effective immune response to an infection
is critical for its resolution, and increasing evidence
indicates that precalving nutrition affects postpartum
neutrophil function. The objectives of the current study
were to investigate the effect of 2 precalving body con-
dition scores (BCS; 4 vs. 5 on a 10-point scale) and 2
levels of feeding (75 vs. 125% of estimated maintenance
requirements) on gene expression in circulating neutro-
phils. We isolated RNA from the neutrophils of cows
(n = 45) at 5 time points over the transition period:
precalving (—1 wk), day of calving (d 0), and postcalv-
ing at wk 1, 2, and 4. Quantitative reverse transcriptase
PCR with custom-designed primer pairs and Roche
Universal Probe Library (Roche, Basel, Switzerland)
chemistry, combined with microfluidics integrated flu-
idic circuit chips (96.96 dynamic array), were used to
quantify the expression of 78 genes involved in neutro-
phil function and 18 endogenous control genes. Statis-
tical significance between time points was determined
using repeated measures ANOVA with Tukey-Kramer
multiple-testing correction to determine treatment ef-
fects among weeks. Precalving BCS altered the inflam-
matory state of neutrophils, with significant increases
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in overall gene expression of antimicrobial peptides
(BNBD4 and DEFBI10) and the anti-inflammatory
cytokine IL10, and significantly decreased expression
of proinflammatory cytokine IL23A in thinner cows
(BCS 4) compared with cows calving at BCS 5. Feeding
level had a time-dependent effect on gene expression;
for example, increased expression of genes involved in
leukotriene synthesis (PLA2G4A and ALOX5AP) oc-
curred only at 1 wk postcalving in cows overfed (125%
of requirements) precalving compared with those of-
fered 75% of maintenance requirements. Results indi-
cate that precalving body condition and changes in
prepartum energy lead to altered gene expression of
circulating neutrophils, highlighting the importance of
transition cow nutrition for peripartum health.
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INTRODUCTION

A dairy cow undergoes several homeorhetic adapta-
tions to facilitate the challenges associated with calving
and the onset of lactation (Bauman and Currie, 1980;
Goff and Horst, 1997). Failure to successfully adapt
to this transition leads to reduced productivity and
increased incidence of disease (Ingvartsen et al., 2003).
Ultimately, this leads to reduced longevity and has a
considerable effect on the dairy industry. For example,
Godden et al. (2003) reported that 20% of cows culled
annually left the herd in the first 3 wk postcalving.
Furthermore, an estimated 30 to 50% of dairy cows are
affected by metabolic or infectious disease during the
transition period (LeBlanc, 2010).

Immune function is altered during the transition
period, which may contribute to the increased risk of
health disorders (Detilleux et al., 1995; Mallard et al.,
1998; Crookenden et al., 2016). It is increasingly evi-
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dent that prepartum nutrition and nutrient availability
play an important role in the successful transition of
dairy cows; for example, BCS and level of feeding af-
fect indicators of health and metabolic function during
the transition period (Roche et al., 2005, 2013, 2015;
Douglas et al., 2006; Loor et al., 2006). Roche et al.
(2009, 2013) reported that cows calving at a BCS 4.5
to 5.0 (10-point scale) had a superior health profile to
those calving at either 3.5 or 5.5. Similarly, improve-
ments in markers of health [e.g., blood nonesterified
fatty acids (FA), BHB, liver triacylglycerol (TAG),
and markers of inflammatory state] have been reported
when cows were fed 75 to 90% of their ME require-
ments before calving compared with cows consuming
energy in excess of requirements (Douglas et al., 2006;
Loor et al., 2006; Roche et al., 2015). Little information
is available on the effect of precalving BCS and feed-
ing level on the state of the immune system despite a
link between nutrition and immune function (Sordillo
and Aitken, 2009; Sordillo and Mavangira, 2014), but
it is conceivable that precalving nutrition could affect
gene expression of immune cells during the transition
period. Many studies investigating immune function
during the peripartum period have focused on neu-
trophils, primarily because of their role in pathogen
destruction during infection (Nagahata et al., 1988;
Mallard et al., 1998; Kimura et al., 2014). The ability of
neutrophils to function effectively has been related to
the incidence of peripartum-related diseases, including
mastitis, displaced abomasum, and retained placenta
(Goff and Horst, 1997; Burton et al., 2001; Kimura et
al., 2002; LeBlanc, 2008, 2010; Cardoso et al., 2013).
Increasing evidence supports the hypothesis that
prepartum nutrition state affects neutrophil function
(Graugnard et al., 2012; Moyes et al., 2014; Zhou et
al., 2015). For example, the severity of negative energy
balance (NEB) during early lactation contributes to
the degree of immune suppression and susceptibility to
disease during the peripartum period (Goff, 2006). The
expression of genes involved in the immune response
of neutrophils to an intramammary infection is also
affected by NEB (Moyes et al., 2010). Furthermore,
dietary energy during the prepartum period affects the
expression of neutrophil inflammatory mediators (Zhou
et al., 2015). Therefore, identifying a nutritional regi-
men that will positively influence neutrophil function
may reduce susceptibility of cows to disease during the
transition period. The objectives of this study were to
compare (1) the effect of precalving BCS and (2) the
effect of under- and overfeeding of cows precalving on
the transcriptional profile of neutrophils during the
transition period.
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MATERIALS AND METHODS

Animal Handling and Experimental Design

The Ruakura Animal Ethics Committee (Hamilton,
New Zealand) approved all animal manipulations in
accordance with the Ministry of Primary Industries
(1999). The experiment was undertaken at Scott
Farm, Hamilton, New Zealand (37°46'S 175°18'E) be-
tween January and October 2013 using New Zealand
Holstein-Friesian and Holstein-Friesian x Jersey cross
dairy cows.

Comprehensive details of the experiment and ani-
mal management are described in Roche et al. (2015).
Briefly, a total of 150 cows were allocated to 1 of 6
treatment groups (25 cows per group) matched for age,
expected calving date, and breed in a 2 x 3 factorial
arrangement. Cows were managed during mid and late
lactation and from dry off to 21 d before predicted
calving date to achieve the 2 precalving BCS treatment
groups: BCS 4.0 and 5.0 on a 10-point scale, equiva-
lent to approximately 2.75 and 3.25, respectively, on
a b-point scale (Roche et al., 2004). From —23 £ 5.6
d relative to expected calving until parturition, cows
received fresh pasture at 3 levels of energy intakes (75,
100, or 125%) based on estimated ME requirements
(1.05 MJ/kg of metabolic BW; Roche et al., 2005).
Postealving, all cows grazed together and were offered a
diet of fresh pasture (average DMI = 12.4 + 0.8 kg/d),
corn silage (average DMI = 0.8 + 0.8 kg of DM/d), and
pasture silage (average DMI = 1.1 + 1.0 kg of DM/d)
as supplementary feeds. Three treatment groups from
the parent experiment were selected to investigate the
effect of precalving BCS and prepartum feeding level
on neutrophil gene expression: BCS 4 offered 75% and
BCS 5 offered 75% (underfed), and BCS 5 offered 125%
(overfed).

Blood Sampling

Blood (~50 mL/cow) was sampled for neutrophil
isolation and metabolite analysis (~10 mL/cow) at 5
time points over the transition period: precalving (—1
wk), day of calving (d 0), and postcalving at wk 1, 2,
and 4. Blood for neutrophil isolation was collected in 6
evacuated blood tubes (BD, Auckland, New Zealand)
containing acid citrate dextrose (solution Aj; trisodium
citrate 22.0 g/L, citric acid 8.0 g/L, dextrose 24.5 g/L).
Tubes were inverted 8 times and placed immediately
on ice until neutrophil isolation, which occurred within
2 h of blood collection. Blood for metabolite analysis
was collected in evacuated blood tubes containing a
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lithium heparin anticoagulant, inverted, and placed
immediately on ice; within 30 min, blood tubes were
centrifuged at 1,500 x ¢ for 12 min at 4°C, plasma
aspirated, and stored at —20°C until assayed.

Liver Sampling for TAG Analysis

Liver tissue samples were collected from all cows by
biopsy the week before calving (wk —1) and on wk
1, 2, and 4 postcalving. Briefly, the skin was shaved
and disinfected and the area anesthetized with 7 mL
of 2% lignocaine (Lopaine 2%, lignocaine hydrochlo-
ride 20 mg/mL, Ethical Agents, South Auckland, New
Zealand). An incision was made through the skin in the
right 11th intercostal space at the level of the greater
trochanter, through which a 12-gauge x 20-cm biopsy
needle was inserted into the liver and approximately
1 g (wet weight) of liver tissue was collected. Liver
samples were snap-frozen in liquid nitrogen and stored
at —80°C.

Neutrophil Isolation

Neutrophils were isolated from all cows according
to procedures previously described (Crookenden et
al., 2016). Blood collected in the acid citrate dextrose-
evacuated blood tubes was inverted and pooled (for
each cow at each time point) by transfer into a 50-mL
conical tube. Tubes were centrifuged for 30 min at 850
x g at 4°C. The plasma, buffy coat, and up to one-third
of the red blood cells (RBC) were aspirated by Pasteur
pipette and discarded, leaving two-thirds of remaining
RBC and neutrophils. Water (milliQQ, Millipore, New
Zealand) was added (25 mL) and mixed for 10 to 30
s to lyse the RBC, and 5 mL of 5x concentrated PBS
(pH 7.4, Life Technologies, Carlsbad, CA) was added
to each tube to restore isotonicity. Tubes were spun at
330 x g for 10 min at 4°C and supernatant decanted to
isolate the white cell pellet. The pellet was washed with
10 mL of 1x concentrated PBS (pH 7.4, Life Technolo-
gies), vortexed, and centrifuged for 5 min at 660 x g
at 4°C. If RBC remained, the water-lysing step was
repeated. Cells were resuspended in 5 mL of 1x PBS
(pH 7.4) and 100 pL was transferred into a 1.5-mL
microcentrifuge tube (Raylab, Auckland, New Zealand)
and placed on ice for subsequent viability and staining
assays. The 50-mL tubes were centrifuged again (5 min
at 660 x g at 4°C), liquid decanted, and the cell pellet
resuspended in 1 mL TRIzol reagent (Life Technolo-
gies). The 1-mL cell suspension was transferred to a
2-mL microcentrifuge tube (Eppendorf, Hamburg, Ger-
many), placed immediately on ice, and stored at —80°C
for subsequent RNA extraction.
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Cell Differentials and Viability

A subpopulation of isolated cells from randomly
selected samples (n = 41) was used to determine cell
viability and neutrophil population by flow cytometry
analysis using the BD FACS Aria II cell sorter (BD
Biosciences, San Jose, CA). Viability was measured
using LIVE/DEAD Fixable Blue Dead Cell Stain Kit
(L23105, Life Technologies) and neutrophil populations
were determined with the bovine granulocyte-specific
primary monoclonal antibody CH138A (WS0608B-100,
Kingfisher Biotech Inc., St. Paul, MN) and phycoer-
ythrin-conjugated secondary antibody (SB102009S,
Southern Biotech, Birmingham, AL). Neutrophils were
gated based on CHI138A-phycoerythrin fluorescence.
Non-neutrophil granulocytes could be distinguished
from neutrophils based on autofluorescence. Of total
granulocytes isolated (78.6 = 14.4%, median £+ SD)
with this procedure, 93.4 £ 7.9% (mean £+ SD) were
neutrophils and, of these, 93.3 £ 10.2% (mean + SD)
were live cells.

RNA Extraction

Total RNA was extracted from all neutrophil samples
using TRIzol reagent as per the manufacturers’ instruc-
tions. Briefly, cell suspensions in TRIzol were homog-
enized using a PRO200 homogenizer (Pro Scientific,
Oxford, CT); suspensions underwent two 20-s bursts of
the homogenizer at full speed (500 Hz) and were placed
on ice after every homogenization. The homogenizer
tool was rinsed between each sample twice with 75%
ethanol and water and once with RNaseZap (Life Tech-
nologies). Chloroform was added to the homogenized
samples, and after centrifugation (12,000 x g for 15
min at 4°C) the aqueous phase was carefully removed.
Precipitation of RNA was achieved with the addition
of isopropanol (Merck Millipore, Billerica, MA) and
the subsequent RNA pellet was washed (with 75%
ethanol), dried, and resuspended in UltraPure RNase/
DNase-free distilled water (Life Technologies). All RNA
samples were DNase-treated using the Ambion DNA-
free kit (Life Technologies). The quantity and purity
of RNA was determined by spectrophotometry using
a Nanodrop ND-1000 (Nanodrop Technologies, Wilm-
ington, DE) and the RNA integrity number (RIN) was
confirmed using an Agilent 2100 Bioanalyzer and RNA
6000 Nano LabChip kit (Agilent Technologies, Santa
Clara, CA). Final sample sets (n = 225; 15 cows per
treatment over 5 time points) based on whether sam-
ples from all 5 time points for each cow had sufficient
quantity (>2 pg) and quality (RIN >7) of RNA. Final
neutrophil RNA samples had an average RIN (mean +
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SD) of 8.0 £ 0.77. Samples were stored at —80°C until
cDNA synthesis.

Complementary DNA Synthesis and Primer Design

Total RNA (2 pg) from each sample was reverse
transcribed using a Superscript III Supermix kit (Life
Technologies), with random pentadecamer primers (In-
tegrated DNA Technologies, Coralville, TA) at a final
concentration of 27 pM. Reverse-transcriptase negative
controls were also generated by excluding the enzyme.
Complementary DNA samples were stored at —20°C.

Assay design for 96 gene targets [78 genes involved in
neutrophil function and 18 possible endogenous control
genes chosen based on current literature (Crooken-
den et al., 2016); Supplemental Table S1, https://doi.
org/10.3168/jds.2016-12105] for use in quantitative re-
verse transcription-PCR (qRT-PCR) was undertaken
using publicly available bovine gene sequences from the
National Center for Biotechnology Information gene
database (NCBI; http://www.ncbi.nlm.nih.gov). As-
says were designed to span an intron-exon boundary,
where possible, using Roche Universal Probe Library
(UPL) design software (Roche, Basel, Switzerland).
Primer sequences were verified by BLAST and Prim-
erBLAST analysis (NCBI) to ensure specificity. Assays
were tested on a LightCycler 480 instrument (Roche).
Each qRT-PCR reaction contained custom designed
forward and reverse primers (200 nM, Integrated DNA
Technologies), UPL unique probe (50 nM, Roche),
LightCycler480 Probes Master (1x concentration), and
RNase/DNase-free distilled water. Standard cycling
conditions were used [95°C for 10 min (95°C for 10 s,
60°C for 30 s) x 50 cycles, 40°C for 40 s]. To test assays,
a 6-point 10-fold standard curve was generated from
a 1x dilution (1:4 dilution of raw ¢cDNA) to 1 x 107°
dilution. To ensure a single product free of genomic
DNA contamination and to verify the amplicon size,
reactions positive for gene expression as well as H,O
negative controls were verified with gel electrophoresis.

Gene Expression

Expression of genes involved in neutrophil function
was quantified using qRT-PCR using the BioMark HD
real-time PCR system (Ramaciotti Centre, Randwick,
NSW, Australia). Microfluidics 96.96 Dynamic Array
(Fluidigm, San Francisco, CA) integrated fluidic circuit
chips combined with Roche UPL chemistry were used
to generate expression results for 96 gene targets for all
samples (n = 225). A preamplification of cDNA was
undertaken to create target-specific amplified reactions
by multiplexing forward and reverse primers (200 nM)
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of the 96 assays with the following cycling protocol;
95°C for 10 min (95°C for 15 s, and 60°C for 4 min) by
14 cycles. Assay mixtures, including forward and re-
verse primers (800 niM), Roche UPL probes (100 nM),
and 2x concentration assay loading reagent (Fluidigm)
were combined with 1x concentration Roche LightCy-
cler480 Probes Master (Roche) and 20X gene expres-
sion sample loading reagent (Fluidigm) on a 96.96 gene
expression chip (Fluidigm) for use in the BioMark HD
instrument. The gene expression cycling protocol, GE
96 x 96 UPL vl.pcl (BioMark HD Data Collection
software v3.0.2), was used to generate crossing point
(Cp) values: 70°C for 30 min, 25°C for 10 min, 95°C for
1 min, followed by 35 cycles of 96°C for 5 s and 60°C
for 20 s.

Possible endogenous control genes were tested across
all samples using GeNorm (Vandesompele et al., 2002)
and NormFinder (Andersen et al., 2004) software. A
5-point standard curve was included (3-fold serial dilu-
tions from 3.33 x 10~ to a final dilution of 4.12 x 10~°)
to calculate the qRT-PCR efficiency for all 96 genes.
Of the 18 endogenous control genes tested, RPL19 and
YWHAZ were chosen as the 2 endogenous control genes
for this neutrophil study. The NormFinder stability of
the combination of these 2 genes was 0.072 and the Ge-
Norm stability values (M) were <0.58 for both genes,
with little improvement in stability with the addition of
a third endogenous control gene.

Relative quantification was achieved using the ACp
method; the geometric mean of the Cp values of the en-
dogenous control genes was calculated and target assay
Cp values were made relative to the geometric mean
of endogenous controls (ACp). Fold change (AACp)
relative to BCS 5 was calculated as

Fold change =

. . (ACp BCS 5 — ACp BCS 4)
qPCR efflCIGHCYgelle of interest .

The fold change calculation for the effect of overfeeding
(125% of estimated ME requirements) relative to feed-
ing 75% of estimated ME requirements was calculated
as

Fold change =

. . ACp 75% — ACp 125%)
qPCR efflCIGHCYgene of interest( '

Metabolite Analysis

Blood metabolite and liver TAG assays were under-
taken by Gribbles Veterinary Pathology Ltd. (Ham-
ilton, New Zealand). Full details of blood metabolite
analysis are described in Roche et al. (2015). Briefly,
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blood metabolites were assayed using colorimetric tech-
niques at 37°C with a Hitachi Modular P800 analyzer
(Roche). Roche reagent kits were used to measure plas-
ma concentrations of albumin (g/L), BHB (mmol/L),
Ca (mmol/L), Mg (mmol/L), and total protein (g/L).
Plasma globulin was calculated as the difference be-
tween total protein and albumin. Plasma FA concentra-
tions (mmol/L) were measured using Wako Chemicals
kit (Osaka, Japan). Interleukins (IL-13 and IL-6)
and haptoglobin were analyzed by commercial bovine
ELISA kits (Pierce, Thermo Scientific, Waltham, MA;
GenWay Biotech Inc., San Diego, CA; and Life Diag-
nostics Inc., West Chester, PA). Cholesterol and total
antioxidant capacity were also measured using commer-
cially available kits (10007640 and 709001, respectively,
Cayman Chemical Company, Ann Arbor, MI). Reactive
oxygen species (ROS) were measured using a commer-
cially available fluorometric kit (STA-342, Cell Biolabs
Inc., San Diego, CA). Liver TAG content was analyzed
in biopsy samples (wk 1, 2, and 4 postcalving) using
the standard procedure provided in the Wako LabAs-
say TM Triglyceride Kit (290-63701, Wako Chemicals
USA Inc., Richmond, VA).

Statistics

All variables (gene expression and metabolites) were
subjected to repeated measures ANOVA to assess the
effect of treatment and treatment effects over time, us-
ing a mixed models approach (PROC Mixed, SAS 9.3,
SAS Institute Inc., Cary, NC) that included the fixed
effects of treatment (precalving BCS and feeding level),
week, and their interaction, and cow as a random ef-
fect. The model for gene expression also included the
Microfluidics 96.96 Dynamic Array (Fluidigm) chip as
a blocking factor, wwhereashile the models for metabo-
lites and production, where possible, included covariate
data from the end of the previous lactation. Metabolite
data including BHB, FA, AST, haptoglobin, IL-13,
IL-6, and ROS were log;,-transformed to achieve ho-
mogeneity of variance. Positively skewed variables were
log;,-transformed, variables with negatively skewed
distribution were reflected and log;,-transformed. If
the effect of time was significant (P < 0.05), Tukey’s
t-test was used for pairwise comparisons among weeks.
Statistical significance was considered at P < 0.05 and
a trend was considered when P < 0.10. Results are
presented as LSM with standard error of the difference
(SED).

RESULTS AND DISCUSSION

Gene expression results from 96 genes were gener-
ated; however, results presented are limited to those
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that tended (P < 0.10) to be or were significantly (P <
0.05) altered by either BCS (Figure 1) or feeding level
(Figure 2). Genes that indicated an interaction between
feeding level and time relative to calving (week) are also
presented. With the exception of ABCA 1, no significant
interactions were found between BCS and week. We
have previously reported temporal changes in the neu-
trophil transcriptional phenotype in grazing dairy cows
across the calving period (Crookenden et al., 2016).
Briefly, the expression of genes involved in neutrophil
adhesion and migration, mediation of the immune re-
sponse, neutrophil lifespan, and antimicrobial action,
were differentially expressed over the transition period.
These changes were consistent with previous reports
of peripartum changes in neutrophil function, wherein
oxidative burst metabolism, random migration, and
phagocytosis were perturbed over the calving period
(Kehrli et al., 1989; Detilleux et al., 1995). In the cur-
rent study, both precalving BCS and precalving feed-
ing level affected the transcriptional regulation of the
neutrophil genes previously investigated (Crookenden
et al., 2016). However, the effect of precalving feeding
level on the neutrophil transcriptional phenotype was
time-dependent. These results indicate a potential role
for precalving diet to modify the peripartum changes in
neutrophil function and the timing at which these cells
return to normal function after calving.

Precalving BCS and Abundance of Genes Involved
in Neutrophil Function

The presented genomic phenotype indicates an in-
crease in the bactericidal capacity and a reduction in
the inflammatory state of circulating neutrophils in
BCS 4 cows. Compared with BCS 5 cows, the expres-
sion of the defensins, BNBD/ (1.9 fold), DEFB10 (2.6
fold), and S100A9 (1.2 fold), increased significantly (P
< 0.05) overall in BCS 4 cows, and we noted a trend (P
= 0.09) for increased DEFB1 (2.3 fold) expression, over
the 5-wk period that blood samples were collected (Fig-
ure 1). Defensins are small cationic polypeptides with
antimicrobial and immunomodulatory activity that
have been identified in a wide variety of cell types and
in many different species, including bovine neutrophils
(Selsted et al., 1996; Ganz, 2003). The increased ex-
pression of these antimicrobial peptides in BCS 4 cows
relative to their fatter counterparts probably indicates
an increased capacity of neutrophils from these animals
to destroy pathogens (Kaiser and Diamond, 2000). An
association between defensin concentration in plasma
and adiposity has also been reported in humans, al-
though the direction of the association is not consistent
and is likely due to the differences in the tissue of origin
of the circulating defensins. For example, in a study
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investigating cardiovascular disease risk factors, Lépez-
Bermejo et al. (2007) presented results consistent with
those reported here; individuals in the upper quartile of
plasma defensin concentrations were leaner and expe-
rienced a greater sensitivity to insulin. Lopez-Bermejo
et al. (2007) claimed that this association reflected
superior metabolic health. Conversely, another study
demonstrated that a-defensin gene expression in hu-
man plasma was greater in obese patients, with lower
expression after bariatric or weight loss surgery (Manco

2315

et al., 2010). Plasma defensins are pathologically differ-
ent from those in immune cells and human a-defensins
are distinct from bovine (3-defensins (Luenser and
Ludwig, 2005). However, this indicates that these pep-
tides may be indicative of immunological alterations to
metabolic change and reflect changes in expression in
cases of unbalanced inflammation (e.g., cardiovascular
disease or with changes in adiposity). Furthermore, the
greater expression of S100A9 in neutrophils from BCS
4 cows indicates increased antimicrobial capacity, as
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Figure 1. Relative gene expression (ACt) of neutrophils isolated from BCS 4 (under-conditioned, n = 15; gray squares) and BCS 5 (ad-
equately conditioned, n = 15; black squares) cows over the transition period. Values are expressed as LSM =+ standard error of the difference.
Statistical significance was calculated using repeated measures ANOVA. The P-value for treatment (BCS) and time point (week) and the inter-
action of treatment and time point (B x W) are only displayed on the graphs where no significant interaction occurred (P > 0.05). For genes
with a significant interaction (P < 0.05), significant differences between means are denoted with an asterisk (*).
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Figure 2. Relative gene expression (ACt) of neutrophils isolated from underfed (75% of maintenance requirements, n = 15; gray circles) and
overfed (125% of maintenance requirements, n = 15; black circles) cows during the transition period. Values are expressed as LSM + standard
error of the difference. Statistical significance was calculated using repeated measures ANOVA. The P-value for treatment (feeding level, FL)
and time point (week) and the interaction of treatment and time point (F x W) are only displayed on the graphs where there was no significant
interaction (P > 0.05). For genes with a significant interaction (P < 0.05), significant differences between means are denoted with an asterisk

(*) and a trend (P < 0.10) is denoted with a cross (f).

the S100A9 enzyme is involved in the production of
H,0,, a respiratory burst product for the destruction
of pathogens (Bréchard et al., 2013). The gene expres-
sion changes in response to precalving BCS indicate
an association between adiposity and inflammation
and suggest a reduced inflammatory state in thinner
animals; however, further work is required to determine
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if this relationship is quadratic and, if so, to define
the turning point indicative of optimum immunological
function.

Precalving BCS also altered the expression of several
genes involved in mediating the immune response in
neutrophils, indicating a shift to a less proinflammatory
state in BCS 4 cows. For example, expression of IL10),
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MMPS, and MMP9 was greater in BCS 4 cows, on aver-
age, whereas expression of IL23A, KIT, and RPL23
was less overall in BCS 4 cows compared with BCS 5
cows (Figure 1). Interleukin-10 is an anti-inflammatory
cytokine required for the resolution of the inflammatory
response (Couper et al., 2008). In comparison, IL-23
has an important role in regulating the production of
inflammatory cytokines and is involved in maintaining
neutrophil homeostasis and granulopoiesis (Stark et al.,
2005). Matrix metalloproteinases MMP-8 and MMP-9
(neutrophil collagenase and gelatinase, respectively)
are required for neutrophil migration, and their activ-
ity and regulation are critical for recruitment to tissue
(e.g., mammary gland tissue in cases of mastitis; Ma-
trisian, 1990; Li et al., 1999). The increased expression
of enzymes that are critical for neutrophil migration
may indicate a greater capacity for these cells to be
recruited into tissue in BCS 4 cows.

The changes in the inflammatory phenotype in BCS
4 cows may be a result of the reduced adiposity in these
cows, as adipose tissue is proinflammatory in nature
(Vailati-Riboni et al., 2016). The current study dem-
onstrates evidence of altered cholesterol utilization in
response to BCS; compared with BCS 5 cows, we noted
an increase (1.5 fold, P < 0.05) in ALOX5AP gene
expression in thinner cows. The protein product of AL-
OX5AP associates with 5-lipoxygenase for the synthesis
of leukotrienes. Furthermore, an interaction occurred
between BCS and week on expression of ABCA1 due
to a significant decrease in expression in BCS 4 cows
2 wk postcalving. The ABCA1 cholesterol efflux trans-
porter is regulated by the concentration of cholesterol
in the cell; decreased expression, therefore, suggests an
increase in cellular cholesterol, which could be used for
subsequent cellular processes, such as cell membrane
maintenance or prostaglandin and leukotriene synthesis.
Combined with an increased expression of ALOX5AP,
the lower expression of ABCA1 may indicate an in-
crease in proinflammatory leukotrienes (Funk, 2001) at
wk 2 postcalving in BCS 4 cows. Concomitant increased
expression of PLA2G4A and ALOX5 did not occur,
however, which would have been expected if there was
activation of the leukotriene synthesis pathway. The
expression results, therefore, cannot confirm increased
prostaglandin or leukotriene synthesis in neutrophils of
BCS 4 cows, but indicate altered utilization of intracel-
lular cholesterol that is consistent with a reduction in
peripheral adipose tissue.

Body condition score-associated changes in indica-
tors of metabolic function were consistent with changes
in neutrophil gene expression. Concentrations of FA,
BHB, and albumin in plasma as well as TAG in liver
were significantly (P < 0.01) less in BCS 4 cows after
calving, and plasma globulin concentrations were sig-
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nificantly (P < 0.01) greater; albumin-to-globulin ratio
was also less (Table 1). These changes in metabolic fac-
tors are consistent with previous reports on the effect
of precalving BCS differences on indicators of health
(Roche et al., 2013), and increased concentrations of
FA (in vitro) enhance neutrophil oxidative burst and
reduce cell viability (Scalia et al., 2006). In comparison,
Hoeben et al. (2000) described a negative association
between BHB and FA concentrations and neutrophil
function during the peripartum period, therein suggest-
ing that these metabolic markers may be characteristic
of impaired neutrophil function. Collectively, the re-
sults support a relationship between adiposity and an
effect on immune cell function, which may be exploited
to regulate peripartal neutrophil function. However,
the direct link between neutrophil function and blood
metabolites was not explored in the current study.

Feeding Level and Transcript Abundance of Genes
Involved in Neutrophil Function

Precalving feeding level affected neutrophil gene
expression, but the effect was time-dependent. For ex-
ample, the expression of genes involved in leukotriene
synthesis, PLA2G4A and ALOX5AP, was significantly
(P < 0.05) greater in overfed cows compared with un-
derfed cows, but only at 1 wk postcalving (Figure 2).
This possibly indicates increased leukotriene synthesis
in the neutrophils of overfed cows and, therefore, a
greater degree of inflammation than in cows underfed
during the precalving period. Similarly, the effect of
precalving feeding level on the expression of other genes
involved in inflammatory pathways (e.g., CD121B,
CD44, IL10, and STATS3) was dependent on the time
point during the transition period. Overfed cows, fed
125% of maintenance requirements, had greater expres-
sion of CD121B on the day of calving and increased
expression of IL10 at 1 wk postcalving when compared
with underfed cows consuming 75% of ME require-
ments. The enzyme phospholipase A2, encoded by
PLA2G4A, hydrolyzes phospholipids for the production
of arachidonic acid. Arachidonic acid is subsequently
metabolized into eicosanoids, which are proinflamma-
tory lipid-signaling leukotriene molecules (e.g., leukot-
riene By) by the enzyme 5-lipoxygenase (encoded by
the ALOX gene) and 5-lipoxygenase-activating protein
(FLAP, encoded by ALOX5AP; Funk, 2001). Consistent
with our results, there was also an increased expression
of ALOX5AP and PLA2G4A in the neutrophils of cows
with increased level of prepartum feeding in grain-fed
cows (Zhou et al., 2015); these cows also demonstrated
altered neutrophil function that indicated a state of
chronic inflammation (Zhou et al., 2015). Further evi-
dence of increased inflammation in overfed cows is the

Journal of Dairy Science Vol. 100 No. 3, 2017



CROOKENDEN ETAL.

2318

"[01004[8[4deIny = HY ], ‘Ajeded yueprxonue [ej0) = DY, -s9ads waSAx0 aAToRAI = SO -oseIdfsuRIjouTUR djetredse = GV,
*(5[Pom) oW} IIM UOIJORINUL 1107} puR ue 0 199JJ0 10, soanseawl pojeadol SUISN PIJRINO[RD SeM 9OURIYIUSIS [RI1)SIR)
A B au ! LY pue T pue 5Hd J 130 10} VAONYV % pojeof JIULSIS Teonshe) s,

18°0 100> 120 <00 1'% 81'¢ 17°0 100> 990 900 81°¢ 13 /10w ©)
LL0 10°0 8€'0  ¥00 1.°0 89°0 9¢€°0 LT°0 LT°0 700 1970 19°0 /10w SN
m?ﬂ@diﬁ ﬁooﬁm
20070 100> 9.0 6921 G 0LV 7'€L9 20 100> 100>  9°€€l 1889 7'60€ Tur/Su 9-1I
¥6°0 10°0> 60°0 01 9'9% 928 100> 100> 100> 91 9'C¢ 8°L% Tu/3d J1-11
SOUI{0)AD Poorg
68°0 €00 190 071 87°¢ 209 200 91°0 100> 20T 709 €0'C (am/1m) 9 OV
600> 100> 080 0T 69°¢ cge 810 100> 900 121 9€°C 8V'e W OVL
0g°0 10°0> 620 900 19°0 6e o 96°0 100> €0 600 780 $9°0 n so4
vL0 200 90°0 €Tee 8I79°C G'001°c €L0 100> 090 9'98% eOFT'c  LT66'T wu [0Ta9s910Y)
670 2270 160 6°60S°S 1'865°¢C 7'€86°L 1870 10 G0°0> €L08's  TIVL6  6'1€E°C u/Su urqorsoydery
[4S0] 2670 260 A% 818 €18 V0 00> €60 6°¢ €18 618 1/n ISV
89°0 100> SI'0 600 98°0 GL0 €10 100> 100> 800 9L°0 0G0 /10w pe A3
290 €10 70 600 98°0 LL0 6€°0 100> 100> 900 080 09°0 /10w qHd
€80 100> ¢I0 700 70T 01T 4N] 100> €00> €00 01T 10'T oIjeI UInqo[s:urmungry
12°0 100> €0 00T A dars LT°0 100> S0°0> ¢L0 GR'EE 9¢°6¢ /38 armaorn
19°0 100> 900 €90 20°9¢ 60°LE 90°0 100> 100>  GLO 00°2¢ 68°7E /8 gy
Gz'0 100> 680 80T LETL LTTL 020 100> ¥8°0 10°T 0G°0L 0€°0L /38 ujoxd ejor,
Nmpzoﬁ%awﬁa _uooﬁm
SPom X T Y9 T4 ads %8eT %G. yPam X DA YoM SO ads 4 i sy woyy
oneAg [etoaso T4 PoneAg retoso §HY

(dAS) eouaIaIp 81} JO 10110

pIepue)s )M JNST Se pojuesald ore s)Nsal {[010dAS[ADRII) IOAT] PUR SUOIJRIUIOUOD SUIOIAD pue ajrjoqelawt vused wo Suiafes je (7T]) [9A9] Surpas] pue §OHE Jo 199 T 9[qeL

Journal of Dairy Science Vol. 100 No. 3, 2017



TRANSITION COW NUTRITION AND GENE EXPRESSION

increased expression of S100A9; however, this effect
was only evident on the day of calving in our study.
Moyes et al. (2014) also noted an increase in S10049
expression in the neutrophils of cows overfed TMR
during the dry period. These results indicate that the
effects of prepartum overfeeding in pasture-fed cows in
the current study are similar to the immunological ef-
fects of overfeeding in conventionally housed, TMR-fed
cows, and support findings of an increased inflamma-
tory state of neutrophils in overfed cows.

The effect of feeding level on neutrophil activation
early postpartum may be affected by greater circulat-
ing FA and plasma BHB concentration. A feeding level
of 125% of maintenance requirements did not affect
plasma FA or BHB compared with cows offered 75%
of maintenance requirements (P > 0.1); however, we
observed a numerical difference, with overfed animals
having greater FA and BHB (Table 1), which is consis-
tent with other studies that have investigated the effect
of precalving energy intake on postcalving metabolism
(Bertics et al., 1992; Roche et al., 2005; Douglas et
al., 2006; Roche, 2007). In vitro investigation into the
link between plasma FA concentrations and neutrophil
function has indicated that high concentrations of FA
(>2 mM) increased generation of ROS, reduced neutro-
phil viability, and increased neutrophil necrosis (Scalia
et al., 2006). The average concentrations of FA across
all time points in the current study were 0.75 and
0.86 mmol/L in the 75 and 125% groups, respectively.
Therefore, circulating FA concentrations were likely
not high enough to considerably alter neutrophil gene
expression. Collectively, the gene expression profiles
demonstrate that precalving feeding level affects the
neutrophil inflammatory state early postpartum and
could potentially be used as a tool for immunomodula-
tion in the transition cow.

Limitations of the Experimental Design

For the majority of genes investigated (61 of 78), gene
expression was not different between the 2 precalving
BCS groups and 2 feeding level treatments imposed
(Supplemental Table S1; https://doi.org/10.3168/2016-
12105). Rather than a lack of effect of either BCS or
precalving feeding level, it is possible that the imposed
treatments were not extreme enough to elicit changes
in these physiological pathways (Table 2). In extreme
cases of adipose deposition, (e.g., obesity), increased
oxidative stress and elevated systemic inflammation in-
teract with leukocytes and affect cell function (Chan et
al., 2002; Fantuzzi, 2005; Manna and Jain, 2015). Obe-
sity-related inflammation occurs because of changes in
adipocyte metabolism as a result of increased adipose
deposition (Gregor and Hotamisligil, 2011). Subacute
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inflammation during the transition period can be lik-
ened to obesity-related metabolic changes, as reviewed
by Bradford et al. (2015). Deviation from the optimal
calving BCS (5.0, 10-point scale; Roche et al., 2009)
increases the risk of clinical pathologies; for example,
over- and under-conditioned cows are at greater risk
of mastitis (Kaneene and Miller, 1995). Cows with a
calving BCS >5.5 (>4 on a 5-point scale) experience
a more severe NEB during the peripartal period and
are at greater risk of metabolic and infectious diseases
(Treacher et al., 1986; Stockdale, 2001; Ingvartsen,
2006; Roche et al., 2009, 2013), which is likely associ-
ated with a concurrent reduction in leukocyte function
(Lacetera et al., 2005). Regarding the differential gene
expression between the 2 feeding levels investigated
here, research by Osorio et al. (2013) investigated the
effect of overfeeding dams (120% of control diet) for
21 d precalving on calf neutrophils, demonstrating an
increase in neutrophil oxidative burst and changes in
neutrophil gene expression in calves born to overfed
dams. However, the majority of gene expression changes
attributed to treatment were at 2 d postcalving (Oso-
rio et al., 2013). Tt is, therefore, possible that greater
expression changes may have been evident in our study
if we had collected postcalving samples closer to calv-
ing (i.e., 2 d vs. 1 wk). In cases of severe fasting or
starvation in humans, negative effects on lymphocyte
and neutrophil function have been observed, includ-
ing decreased chemotaxis and microbial destruction
(McMurray et al., 1990). In our study, the low-BCS
and low-DMI treatments indicated possible improve-
ments in neutrophil function. The natural variation in
precalving BCS and feeding level that is common in
pasture-based dairy herds will not likely adversely af-
fect neutrophil function. However, more extreme states
were not investigated, likely contributing to the small
number of genes that were differentially expressed. This
highlights that the points at which a low BCS and low
DMI negatively affect immune function require further
investigation.

CONCLUSIONS

The precalving BCS and precalving feeding levels
evaluated demonstrated few differences in transcript
abundance of the selected genes involved in neutro-
phil function. Nevertheless, results indicate a reduced
inflammatory state of neutrophils and an enhanced
capacity for microbial destruction in thinner cows,
probably reflecting a negative effect of added body
condition rather than support for under-conditioning
transition cows. Furthermore, prepartum feeding level
altered the inflammatory state of neutrophils during
the peripartum period; however, this was dependent on
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Table 2. Effect of body condition (BCS) and feeding level (FL) at calving on the average production parameters during wk 1, 2, and 4
postcalving; results are presented as LSM with standard error of the difference (SED) and overall significance of treatment (P-value), as we

found no interactions (P > 0.05) between BCS x week and FL x week

BCS overall FL overall
P-value P-value

Parameter Units 4 5 SED BCS 75% 125% SED FL
Milk weight kg 20.36 23.39 1.05 0.01 23.52 23.91 1.02 0.71
Composition %

Fat 4.43 4.64 0.16 0.21 4.77 4.95 0.18 0.33

Protein 3.74 3.65 0.09 0.33 3.67 3.70 0.09 0.65

Lactose 8.14 8.27 0.20 0.51 8.42 8.66 0.24 0.32
Yield kg/d

Fat 0.91 1.09 0.06 0.01 1.13 1.17 0.06 0.54

Protein 0.77 0.85 0.04 0.06 0.86 0.88 0.04 0.62

Log,, SCC 5.01 4.80 0.14 0.14 4.76 4.86 0.15 0.53

the time relative to calving. Treatment groups were se-
lected to represent the norm within optimally managed
pasture-based herds and did not reflect extreme BCS
and feeding level treatments. This may provide the
reason for the limited number of observed differences
in expression of neutrophil genes between treatments.
Additional research is required to further elucidate the
relationship between precalving BCS and prepartum
energy intake and immune function throughout the
transition period.
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