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INTRODUCTION 

 

An animal with a  properly functioning immune system is protected from a 
variety of pathogenic organisms, including viruses, bacteria, and parasites (Kawai 

and Akira 2010). The immune mechanisms of the animal rely tightly on the 

effective elimination of injurious insults and the return of tissues to homeostasis 
(Sordillo, Contreras et al. 2009). Adult dairy cows during the periparturient 

period, as well as neonatal calves, have been shown to be more susceptible to 

infectious diseases (Asiamah, Ekwemalor et al. 2019, Asiamah, Vailati-Riboni et 
al. 2019). The dysfunction of the bovine immune response is the major 

contributing factor to the increased health disorders in the periparturient cow 

(Sordillo, Contreras et al. 2009). Infectious diseases, like bovine mastitis in 
cows,enteritis, diarrhea, septicemia, and pneumonia in calves are major economic 

setbacks in the dairy industry. Because of this, numerous studies focused on 

elucidating the molecular mechanisms leading to metabolic and infectious 
diseases are emerging(Adjei-Fremah, Ekwemalor et al. 2016, Adjei-Fremah, 

Jackai et al. 2016, Asiamah, Adjei-Fremah et al. 2016, Asiamah, Adjei-Fremah et 

al. 2016). Our understanding of this phenomenon will lead to the design of 
effective management practices in order to reduce cow and calf health disorders. 

Supplementation with methyl donors (e.g. methionine, or choline) to dairy cows 

is useful in the optimization of dry matter intake (DMI), milk production, and 
improvement of the phagocytotic capacity of blood (Li, Batistel et al. 2016). In 

non-ruminants, Met and its derivate metabolites (e.g., glutathione, polyamines, 

and taurine) are well-known immunonutrients that support and boost immune 
functions and activities. 

 An effective immune response depends to an extent on how efficient neutrophils 

are activated upon pathogenic attack (Rosen, Klebanoff et al. 2009). Neutrophils 
are the first line of defense against infectious agents and are involved in 

inflammatory processes. They account for about 25% of the leukocytes in bovine 

peripheral blood of healthy animals (Sander, Piechotta et al. 2011). Inflammatory 

stimuli  promotes neutrophil accumulation at inflammation sites, and recent 

studies have shown that cell adhesion molecules like galectins play an essential 
role in many of the events involved in the neutrophil recruitment and migration 

into extravascular spaces (Kehrli, Nonnecke et al. 1989, Almkvist and Karlsson 

2002, Nishi, Shoji et al. 2003, Schorn, Janko et al. 2012). Galectins, a group of 
evolutionarily conserved proteins that bind to β-galactosides have been known to 

be associated with immune regulation via neutrophil recruitment and migration 

and hence plays a dual modulation role in cell adhesion and 
immune/inflammatory processes (Almkvist and Karlsson 2002, Nishi, Shoji et al. 

2003). Galectins are important modulators of several biological functions and 

have been implicated in numerous disease conditions (Almkvist and Karlsson 
2002, Liu and Rabinovich 2005, Sato, St‐Pierre et al. 2009, Cooper, Iqbal et al. 

2012, Rabinovich, van Kooyk et al. 2012). 

Because galectin expression is closely linked to immune-modulation and 
inflammation (Ekwemalor, Asiamah et al. 2017, Asiamah, Adjei-Fremah et al. 

2018), it is imperative to explore whether galectin gene expression in neutrophils 

is affected with Met supplementation in cows and calves. Thus, we hypothesized 
that supplementation with methionine, taurine, or choline would benefit the 

innate immune response of cows and calves at least in part by altering the 

expression of galectin genes associated with neutrophils activity and 
inflammation. Therefore, the objective of the study was to evaluate the effect of 

methyl donor supplementation on mRNA expression of galectin genes in cow 

and calf neutrophils in vitro. 
To test our hypothesis, neutrophils from mid-lactating pluriparous Holstein cows 

were used to determine neutrophils' inflammatory response to an LPS challenge 

and Met stimuli. The effect of Met, CHO, and TAU supplementation in vitro on 
the mRNA expression of galectin genes in neutrophils isolated from neonatal 

calves was also determined. 

The aim of the study was to evaluate the effect of methyl donor supplementation on mRNA expression of galectin genes in cow and calf 

neutrophils in vitro. Galectins play a crucial role in homeostasis and disease regulation. Ten adult Holstein cows and five neonatal 

Holstein calves (3 wk. old) were used for isolation and in vitro culture of neutrophils. Neutrophils isolated from the adult cows were 
divided into two groups. Neutrophils from Group 1 were incubated with three concentrations of Lysine (Lys) to Met ratios of (3.6:1, 

2.9:1, or 2.4:1). Neutrophils from Group 2 were also incubated with three concentrations of Lys to Met ratios and 50 μg /mL of LPS. 

Isolated neutrophils from calves were incubated with Met, Choline, and Taurine (37 °C, with 5% CO2 or 4 hours). Met did not 
affect LGALS expression in Group 1 cows. 

In Group 2, however, relative mRNA expression of LGALS9 was higher in neutrophils treated with 3.6 Lys: Met and 2.9 Lys: Met 

concentrations compared to 2.4 Lys: Met (0.33, 0.36 and 0.16 respectively) (P<0.05).  A Met X LPS interaction was also observed in 
regard to the expression of LGALS8. LGALS8 transcription decreased when neutrophils were treated with LPS at 3.6 Lys: Met (No 

LPS=0.89 LPS= 0.56) (P<0.05). On the contrary, LGALS8 expression increased at 2.9 Lys: Met in the presence of LPS (No LPS=0.52 

LPS= 1.95)(P<0.05). Treatment with LPS alone increased the expression of LGALS4 (P<0.05) and tended to increase LGALS12 
(P<0.10) compared to control. 

In calves, LGALS-2, -7, and -9 were undetected. LGALS-1, -3, - 4, -8, and -12 were all reduced in neutrophils treated with 2.4 and 2.6 

Lys: Met compared to 3.6 Lys: Met. Increasing Choline concentration tended to reduce LGALS1 (P<0.05) but reduced LGALS8 

(P<0.05). Increasing taurine reduced LGALS1 and tended to reduce LGALS12. These results shed light on the modulation of galectin 

expression in cow and calf neutrophils in response to methyl donors. 
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MATERIAL AND METHODS 

 

Animal handling 

 
Both cows and calves used for the study were part of the main herd of the 

University of Illinois Urbana Champaign. Details of the experimental design 

have been described previously (Abdelmegeid, Vailati-Riboni et al. 2017). 
Before blood collection, calves were fed and managed according to established 

standard operating procedures. The calves wed fed their first-milk colostrum 

within 2 hrs after birth. Calves were housed in individual outdoor hutches bedded 
with straw. A milk replacer (Advance Excelerate, Milk Specialties, 

Carpentersville, IL; 28.5% CP, 15% fat; supplemented with l-Lys and dl-Met) 
was fed to the calves two times daily (0700 and 1800 h). Calves also had free 

access to a starter grain mix (19.9% CP, 13.5% NDF) at 0800 h ad libitum. 

Calves were fed 2.27 kg (5.0 lb) of milk replacer at each feeding until 10 d of age 
and were then switched to 2.95 kg (6.5 lb) until the time of sampling (3 wk of 

age). Animals did not have any recorded health problems at sampling time. 

 

Blood sample collection.  
 

Details of the blood sampling have been described previously (Zhou, Bulgari et 
al. 2016, Abdelmegeid, Vailati-Riboni et al. 2017). Briefly,whole blood was 

aseptically collected from the coccygeal vein of ten mid-lactating pluriparous 

Holstein cows (First group of cows n=5 (238 ± 20 DIM, 33.8 ± 3.9 kg/d average 
milk production) and the second group of cows n=5 (153± 5 DIM, 34.6 ± 2.7 

kg/d average milk production), and the jugular vein of 3wk old calves into 10 mL 

vacutainer tubes containing a solution of trisodium citrate, citric acid and 
dextrose (ACD) and lithium heparin (10 mL, BD Vacutainer, Becton Dickinson). 

Tubes were inverted ten times, placed on ice, and immediately transported to the 

Mammalian NutriPhysioGenomics laboratory for neutrophils isolation. Isolation 
was done within an hour after isolation. No more than 40 min passed from the 

beginning of sampling to start of isolation. 

 

Neutrophils isolation and viability analysis.  
 

The neutrophils were isolated using a previously described protocol(Jacometo, 
Zhou et al. 2016). Briefly, samples were centrifuged to separate the phases, then 

plasma, buffy coat, and approximately one-third of the red blood cells were 

removed and discarded. The remaining material was combined, and red blood 
cells were lysed using deionized water at 4 °C, followed by addition of 5 × PBS 

at 4 °C to restore isotonicity. Cells were pelleted by centrifugation, and the 

supernatant was discarded. The pellet was then washed with 1× PBS and a 
second lysis step with deionized water was performed. After repelleting, 2 

subsequent washings using 1× PBS at 4 °C were performed. The resulting 

neutrophil pellets from the five animals were then mixed to obtain a 
homogeneous pool, and washed again with 1× PBS. Before incubation, to assess 

purity and viability, an aliquot was stained with the granulocyte antibody 

CH138A, followed by a second antibody (phycoerythrin), and propidium iodide, 
before the reading with a flow cytometer. The neutrophil pool had a purity 

greater than 80% and viability greater than 80%. 

 
Neutrophils incubation and treatments.  

 

Cells from the isolated pool of neutrophils were counted using an automated cell 

counter (MOXI Z Mini, Or-flo Technologies) and diluted to a final concentration 

of 6 × 106 cells/mL with warm (37 °C), Met-free incubation medium (RPMI 

1640, Gibco, Thermo Fisher) and 8% fetal bovine serum (Sigma-Aldrich), 
previously heat-inactivated. From the diluted pool, aliquots of 1 mL were 

incubated in 14-mL endotoxin-free tubes (Thermo Fisher Scientific) with a snap 

cap designed to allow airflow, and allocated to each experimental group. The 
neutrophils were incubated at (1)3 different Lys to Met ratios (3.6:1, 2.9:1, or 

2.4:1), calculated on the basis of the concentration of Lys in the medium; (2) 3 

levels of supplemental CHO (0, 400, or 800 μg/mL) over the basal level of CHO 
already in the medium (3 μg/mL, as choline chloride), with a Lys: Met (L: M) of 

3.6:1; or (3) 3 levels of supplemental TAU (0, 4, or 8 μg/mL), with an L: M of 
3.6:1. To obtain these groups, the calculated amounts of Met (as l-Met; Sigma-

Aldrich), CHO (as choline chloride; Sigma-Aldrich), and TAU (as taurine; 

Sigma-Aldrich) were added to test tubes from stock solutions previously prepared 
using the incubation medium as a diluent. Incubation lasted 4 h at 37 °C in a 

sterile incubator, with a controlled atmospheric level of CO2 (5%). Tubes were 

gently shaken to mix and resuspend the cells every 20 min. 
 

Stimulation of neutrophils with LPS. 

  
LPS (Escherichia coli O111: B4, Sigma-Aldrich, St. Louis, MO) was prepared by 

dilution in Dulbecco’s modified Eagle medium (Sigma-Aldrich) to obtain 50μg 

of LPS/mL. The solution was aliquoted, to avoid multiple thawing and freezing, 
and stored at −20 °C until use. Three aliquots of 980 μL of blood from each cow 

were stimulated, in duplicate, under a laminar airflow cabinet with 20 μL of 

Dulbecco’s modified Eagle medium (negative control sample), solutions 

containing 50 μg of LPS/mL. Samples were then incubated in a water bath at 38 
°C for 3.5 h with a horizontal shaking speed of 30 times/min. After incubation, 

plasma was harvested by centrifugation (8,700 × g for 16 min at 6 °C) and stored 

at −80 °C. Environmental contamination with exogenous endotoxins was 
prevented by using certified endotoxin-free materials. 

 

RNA extraction and cDNA synthesis. 
 

The complete details of the procedures used have been previously reported 

(Asiamah, Vailati-Riboni et al. 2019). Briefly, Qiazol was used to extract RNA 
from isolated neutrophils according to manufacturer’s protocol(Qiagen Corp). A 

NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies)  and a 2100 
Bioanalyzer(Agilent Technologies) were used to assess RNA concentration and  

RNA integrity respectively. Extracted RNA samples with purity(A260/A280) of 

1.9 and above were used for cDNA synthesis, using established protocols in the 
Mammalian NutriPhysioGenomics Laboratory (Riboni, Meier et al. 2015). A 

SYBR Green-based real-time quantitative PCR was performed using a 7-point 

standard curve. 

 

Gene expression Profiling.  

 
Primers used for qPCR are shown in Table 1 below. Primer3 Input (version 0.4.0) 

online tool was used to design the primers.  Primer sequences were aligned 

against the NCBI online database using BLASTN. The qPCR primers were tested 
in a 20 μL PCR reaction before qPCR was performed.  The protocol used was the 

same as described by Vailati et al., 2017 for qPCR except for the final 

dissociation protocol. A universal reference gene was used to test the primers to 
ensure that the desired genes were identified. Primer testing procedure has been 

reported in detail elsewhere (Vailati-Riboni, Zhou et al. 2017). 

 
Table 1 Primers used for real-time qPCR 

Gene Primer Sequence  5’>3’ 
Product Size 

(bp) 

LGALS1 
Forward 
Reverse 

GGCAAAGACGACAACAACC 
TGGTTAGGTCCGTCTGGTTGA 

189 

LGALS2 
Forward 

Reverse 

CCTCACCAGAGAGCAAGACC 

TGGAAAACACCACAGTTGGA 
181 

LGALS3 
Forward 
Reverse 

GAATGATGTCGCCTTCCACT 
TCAGGTTCAACCAGCACTTG 

165 
 

LGALS4 
Forward 

Reverse 

ATTCACGACTCCTGCAGCTT 

CCCCACCTCGAAGTTTACAA 
215 

LGALS7 
Forward 
Reverse 

TCTACGTGAACCTGCTGTGC 
CCGGAAGTGGTGGTACTCAG 

236 

LGALS8 

 

LGALS9 

Forward 

Reverse 
Forward 

Reverse 

TCGTGATCATGGTCCTGAAA 

TGTGACTCGCCAGACTTTTG 
TGTACCCCTCCAAGAGCATC 

ACACATGATCCACACCGAGA 

232 

 

233 

LGALS1
2 

Forward 
Reverse 

CAGCTGATCCCACTCTCCTC 
AATGCCAGGCTCTCAGAAGA 

176 
 

GAPDH 
Forward 

Reverse 

TTGTCTCCTGCGACTTCAAC 

TCGTACCAGGAAATGAGCTT 
103 

UXT 
Forward 
Reverse 

TGTGGCCCTTGGATATGGTT 
GGTTGTCGCTGAGCTCTGTG 

101 

RPS9 
Forward 

Reverse 

CCTCGACCAAGAGCTGAAG 

CCTCCAGACCTCACGTTTGT 
164 

    

Real-time Quantitative PCR (qPCR).  
 
The complete details of the procedures and conditions under which the 

Quantitative PCR (qPCR) was performed have been previously reported 

(Asiamah, Vailati-Riboni et al. 2019) . The qPCR reactions were performed in a 
QuantStudio™ 7 Flex Real-Time PCR System (Applied Biosystems, CA). The 

geometrical mean of GAPDH, RPS9 and UXT (internal control genes) were used 

to normalize gene expression (Ji et al., 2012). Genes were considered not 
expressed when the standard curve had slope -3.50 > y > -3.00 and Ct > 30. The 

QuantStudio™ 6 & 7 Flex Real-Time PCR software (version 1.3 Applied 

Biosystems, CA) was used to analyze gene expression data.  
 

RESULTS AND DISCUSSION 

 

Effect of LPS and Met stimulation on galectin expression in cow neutrophils. 

  

LGALS2 and -7 were not detected in the PMN. LGALS -1, -3, -4, -8, -9, -12 were 
not changed after Met supplementation in cows in the absence of LPS. LGALS4 

(P=0.005) gene expressions increased in neutrophils in response to LPS. Results 

are shown in figure 1.  
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Figure 1 relative expression of LGALS4 in polymorphonuclear leukocytes 

(PMNL) treated with LPS (N=5) or No LPS (N=5). Means with the same letter 

are not significantly different from each other (P>0.05 GLM followed by 

PDIFF). Error lines represent the ± standard deviation of the mean. 
 

Expression of LGALS12 was increased in neutrophils in response to LPS 

(P=0.08). Results are shown in figure 2. 
 

 
Figure 2 mRNA relative expression of LGALS12 in polymorphonuclear 

leukocytes (PMNL) treated with LPS (N=5) or No LPS (N=5). Means with the 

same letter are not significantly different from each other (P>0.05 GLM followed 
by PDIFF). Error lines represent the ± standard deviation of the mean. 

 

Galectin 9 expression was reduced in cow PMN treated with 2.9 Lys: Met. 
Results are shown in figure 3. 
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Figure 3 mRNA relative expression of LGALS9 in polymorphonuclear leukocytes 

(PMNL) treated with 3 levels of Lysine (Lys) to Met ratios of (3.6:1, 2.9:1, or 
2.4:1). Means with the same letter are not significantly different from each other 

(P>0.05 GLM followed by PDIFF). Error lines represent the ± standard deviation 

of the mean. 
 

Lys: Met ratio and LPS interaction affected LGALS8 expression. LGALS8 was 
increased when cow neutrophils treated with 2.9 L: M were challenged with LPS 

(P=0.0005). Galectin 8 in PMN treated with 3.6 L:M, however, was reduced in 

the presence of LPS. Galectin 8 expression did not change with or without LPS at 
2.4 Lys: Met (Figure 4). 
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Figure 4 mRNA relative expression of LGALS8 in polymorphonuclear leukocytes 

(PMNL) treated with 3 levels of Lys to Met ratios of (3.6:1, 2.9:1, or 2.4:1) in the 
presence or absence of LPS. Means with the same letter are not significantly 

different from each other (P>0.05 GLM followed by PDIFF). Error lines 

represent the ± standard deviation of the mean. 
 

Effect of Met on LGALS expression in calf neutrophils. 

 
LGALS 2, -7, and -9 were undetected in Calf PMN. LGALS1, -3, -4, -8, and -12 

were all reduced in PMN treated with 2.4 and 2.6 Lys: Met compared to 3.6 

(P=0.02). This is indicative that increasing methionine reduces galectin gene 
expression which will subsequently lead to reducing inflammation in calves. 

Also, increasing Choline concentration reduced galectin expression but this 

reduction was only significant in LGALS1 (P=0.08) and LGALS8 (P=0.03). 
Increasing taurine was also associated with reduced LGALS-1 (P=0.05) 

expression and also tended to reduce LGALS-12 (P=0.10) expression. LGALS1 

was reduced in PMN treated with 2.4 and 2.6 Lys: Met compared to 3.6 (P=0.02) 
(Figure 5). 
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Figure 5 Effect of 3 levels of Lys: Met ratios on neutrophils relative LGALS1 

mRNA abundance (standardized with 3 internal control genes) of Galectin genes 
in neonatal Holstein calves (N=5). Means with the same letter are not 

significantly different from each other (P>0.05 GLM followed by PDIFF). Error 

lines represent the ± standard deviation of the mean. 
 

LGALS3 was reduced in PMN treated with 2.4 and 2.6 Lys: Met compared to 3.6 

(P=0.02). Results are shown in figure 6. 
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Figure 6 Effect of 3 levels of Lys: Met ratios on neutrophils relative galectin 3 
gene (LGALS3) mRNA abundance (standardized with 3 internal control genes) of 

Galectin genes in neonatal Holstein calves (N=5). Means with the same letter are 

not significantly different from each other (P>0.05 GLM followed by PDIFF). 
Error lines represent the ± standard deviation of the mean. 

 

LGALS4 was reduced in PMN treated with 2.4 and 2.6 Lys: Met compared to 3.6 
(P=0.02) (Figure 7). 
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Figure 7 Effect of 3 levels of Lys: Met ratios on neutrophils relative LGALS4 

mRNA abundance (standardized with 3 internal control genes) of Galectin genes 

in neonatal Holstein calves (N=5). Means with the same letter are not 

significantly different from each other (P>0.05 GLM followed by PDIFF). Error 

lines represent the ± standard deviation of the mean. 

 
LGALS8 was reduced in PMN treated with 2.4 and 2.6 Lys: Met compared to 3.6 

(P=0.02). Results are shown in figure 8. 

 

Lys: Met ratio

3.6 2.9 2.4

0.0

0.1

0.2

0.3

0.4

0.5

0.6

b
b

a

L
G

A
L

S
8 

m
R

N
A

 r
el

at
iv

e 
ab

u
n

d
an

ce

 
Figure 8 Effect of 3 levels of Lys: Met ratios on neutrophils relative LGALS8 

mRNA abundance (standardized with 3 internal control genes) of Galectin genes 
in neonatal Holstein calves (N=5).  Means with the same letter are not 

significantly different from each other (P>0.05 GLM followed by PDIFF). Error 
lines represent the ± standard deviation of the mean. 
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Figure 9 Effect of 3 levels of Lys: Met ratios on neutrophils relative LGALS12 

mRNA abundance (standardized with 3 internal control genes) of Galectin genes 
in neonatal Holstein calves (N=5). Means with the same letter are not 

significantly different from each other (P>0.05 GLM followed by PDIFF). Error 

lines represent the ± standard deviation of the mean.  
 

Effect of taurine on LGALS expression in calf neutrophils 
 
Taurine concentrations 4µg/mL and 8µg/mL was associated with reduced 

LGALS1 expression (P=0.08). Results are shown in figure 10. 
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Figure 10 Effect of 3 levels of Taurine on neutrophils relative mRNA abundance 

(standardized with 3 internal control genes) of LGALS1 in neonatal Holstein 

calves (N=5). Means with the same letter are not significantly different from each 
other (P>0.05 GLM followed by PDIFF). Error lines represent the ± standard 

deviation of the mean. 

  
Taurine concentrations 4µg/mL and 8µg/mL tended to reduce LGALS12 (P=0.08) 

(Figure 50). 
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Figure 11 Effect of three levels of Taurine on relative mRNA abundance 

(standardized with 3 internal control genes) of LGALS12 in neutrophils of 

neonatal Holstein calves (N=5). Means with the same letter are not significantly 
different from each other (P>0.05 GLM followed by PDIFF). Error lines 

represent the ± standard deviation of the mean. 
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Effect of Choline on Galectin expression in Calf neutrophils 
 

Choline concentrations 400µg/mL and 800 µg/mL tended to reduce LGALS1 

expression (P=0.08). Results are shown in figure 12. 
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Figure 12 Effect of three concentrations of Choline on relative mRNA 

abundance (standardized with 3 internal control genes) of LGALS1 in neutrophils 
of neonatal Holstein calves (N=5). 

 

Choline concentrations 400µg/mL and 800 µg/mL reduced LGALS8 expression 
(P=0.03). Results are shown in figure 13. 
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Figure 13 Effect of 3 concentrations of Choline on relative mRNA abundance 

(standardized with 3 internal control genes) of LGALS8 in neutrophils of 

neonatal Holstein calves (N=5). Means with the same letter are not significantly 
different from each other (P>0.05 GLM followed by PDIFF). Error lines 

represent the ± standard deviation of the mean. 

 

DISCUSSION  

 

Maintaining host health is a vital function of the immune system, and neutrophils 
have a fundamental role in this process. As the primary mediators of the innate 

immune response, thanks to their pathogen-killing capacity, they represent the 

first line of defense against infections (Bannerman 2009, Kobayashi and DeLeo 
2009). Met supplementation has been associated with improved phagocytotic 

capacity of neutrophils in cows and calves (Vailati-Riboni, Osorio et al. 2017).In 
this study, treatment of cow blood with different Lys: Met ratios did not change 

the expression of galectin genes in neutrophils. The concentration used had no 

impact. However, LPS increased LGALS4 and LGALS12 regardless of Met 
concentration. A similar effect of LPS on LGALS4 and -12 expressions was 

observed when whole blood was challenged with 10µg/mL of LPS in a previous 

study (unpublished). 
Previous work has implicated LGALS4 with regulating leukocyte turnover by 

rendering them sensitive to phagocytic recognition and removal. It has been 

known to induce phosphatidylserine exposure in activated neutrophils (Stowell, 
Karmakar et al. 2007).The current results showed that LGALS4 increased in the 

presence of gram-negative bacteria cell stimuli (LPS). These results suggest that 

LGALS4 may be activated in response to LPS recognition through the TLR-4 
pathway. The results corroborate with previous research that suggests that TLR-4 

could be involved in signal transduction pathway in the pathogenesis of E. coli 

mastitis (De Schepper, De Ketelaere et al. 2008). Furthermore, the fact that LPS 
tended to increase LGALS12 expression in neutrophils is noteworthy because in 

non-ruminants, it is a primary regulator of the early stages of adipose tissue 

development (Hotta, Funahashi et al. 2001). LGALS12 is associated with lipid 
droplets in adipocytes regulates lipolysis and insulin sensitivity. Even though 

they are expressed in immune cells of non-ruminants, which could suggest an 

immune regulatory role, the possible biologic role of LGALS12 in cow 
neutrophils needs to be explored. 

LGALS8 has been studied to monitor and detect bacterial invasion by to binding 

host glycans and subsequently activating anti-bacterial autophagy (Thurston, 
Wandel et al. 2012). Nishi et al. (2003) reported that galectin-8 induces a firm 

and reversible adhesion of peripheral blood neutrophils in vitro (Nishi, Shoji et 

al. 2003), which suggests that they play a vital role in neutrophil migration. In 
this study LGALS8 transcription was also increased when cow neutrophils treated 

with 2.9 L: M were challenged with LPS (P<0.05). This means that in the 
presence of LPS, cows with more methionine may respond better to infection. 

Also, even though an increase in methionine supplementation may increase their 

expression, it may depend on whether there is an infection at the time of 
supplementation. This is evident in the results when less methionine decreases 

the expression of LGALS8. 

Secretion of galectin-9 has been implicated with promoting migration of 
macrophage migration during inflammation and (Almkvist and Karlsson 2002). 

Galectin-9 contributes to a TH2 cytokine bias by binding to TIM-3, a membrane 

protein expressed on the surface of fully differentiated TH1 cells, which 
negatively regulates TH1 (Chen, Anderson et al. 2005, Meggyes, Miko et al. 

2014). In this study, 2.4 L:M reduced LGALS9 expression. The decrease in 

LGALS9 expression at this specific ratio indicates that Met affects LGALS9 
transcription in a dose-dependent manner in neutrophils. This reduction could be 

attributed to the ability of Met to reduce inflammation and oxidative stress in 

cows (Jacometo, Zhou et al. 2016, Zhou, Bulgari et al. 2016, Vailati-Riboni, 
Osorio et al. 2017). Galectin-9 could play an immunomodulatory role in cows. 

Previous data by Abdelmegeid et al. (2017), indicated that supplementation of 

Met, CHO, or TAU could be beneficial for the function of neonatal calf 
neutrophils pro-inflammatory activity and improves their antioxidant balance. 

The results from this study also suggest that Met, CHO and TAU reduce 

inflammation by targeting Galectin genes involved in immune responses. 
Immaturity of the neonatal immune system, especially, has been identified as the 

crucial cause of the high morbidity in newborn calves (Gruse, Kanitz et al. 2016). 

Calves are most susceptible to diseases within the first 14 days of life. Diseases 
that calves are most susceptible to include enteritis, diarrhea, septicemia, and 

pneumonia (Windeyer, Leslie et al. 2014). Furthermore, healthy calves are unable 

to reach the stability needed to complete the maturation of the innate immune 
response even by 90 d of age. Methionine has been previously linked with the 

regulation of the immune response in bovine monocytes and neutrophils (Osorio, 

Ji et al. 2013, Zhou, Bulgari et al. 2016). Our results revealed that LGALS1, 
LGALS3, LGALS4, LGALS8, and LGALS12 are reduced in neutrophils in the 

presence of Met, Choline, or Taurine. In non-ruminants, these galectins are all 

found in cells involved in immune responses have been associated neutrophils 
migration and pathogenicity of invading microorganism (Rabinovich, Baum et al. 

2002, Rabinovich, van Kooyk et al. 2012). This decrease shows that 

supplementation of methyl donors to neonatal calves may lead to a reduction in 
inflammation. These results are consistent with the downregulation of that 

LGALS1, LGALS3, and LGALS4 in neutrophils of Met supplemented 

periparturient cows (unpublished data from previous work by our group). In the 
context of neonatal calves, a better basal inflammatory status (e.g., lower pro-

inflammatory signaling) would greatly help these animals. This is because their 

immune system is not fully developed, especially in a period of high 

susceptibility to environmental pathogens.  

 

CONCLUSION 
 

The current data support the growing body of evidence that supplementation with 

Methyl donors increases immune cell antimicrobial functions. These results shed 
light on the immunoregulatory properties of the Galectin family in both Cow and 

calves and their modulation by methyl donors. This work is limited by the 

number of animals used in the experiment. Therefore, further studies with an 
increased sample size will be necessary to confirm the interplay of galectins and 

Met supplementation in bovine neutrophils.  Furthermore, elucidation of galectin 
expressions and its regulation can be exploited for therapeutic purposes. We 

believe that the unique signatures of galectins could distinguish between 

homeostasis and disease in cows. The involvement of Galectins in inflammation 
in cows and calves need to be explored for their potential as biomarkers of 

important infectious diseases in the dairy industry.  
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