ISSN 2327-0640

\ M acrothink Journal of Applied Biotechnology
A Institute ™ 2018, Vol. 6, No. 2

Parity and Periparturient Period Affects Galectin Gene

Expression in Holstein Cow Blood

Emmanuel K Asiamah

Dept. of Applied Science and Technology (Bioscience), North Carolina A&T State University,
Greensboro, NC USA

Tel: 1-779-225-9580  E-mail: ekasiama@aggies.ncat.edu

Dr. Sarah Adjei-Fremah
Department of Animal Sciences, North Carolina A&T State University, Greensboro, NC USA

Tel: 1-605-651-5221  E-mail: sadjeifr@ncat.edu

Kingsley Ekwemalor

Dept. of Applied Science and Technology (Bioscience), North Carolina A&T State University,
Greensboro, NC USA

Tel: 1-336-405-6094  E-mail: kackwema@aggies.ncat.edu

Dr. Lorraine Sordillo
College of Veterinary Medicine, Michigan State University
Tel: 1- 517-432-8821  E-mail: sordillo@msu.edu

Dr. Mulumebet Worku (Corresponding author)
Department of Animal Sciences, North Carolina A&T State University, Greensboro, NC USA

Tel: 1-336-285-4816  E-mail: worku@ncat.edu

Received: April 13,2018 Accepted: May 24, 2018 Published: May 26, 2018
Doi: 10.5296/jab.v6i12.13017 URL: http://doi.org/10.5296/jab.v612.13017

19 http://jab.macrothink.org



ISSN 2327-0640

\ M acrothink Journal of Applied Biotechnology
A Institute ™ 2018, Vol. 6, No. 2

Abstract

The periparturient period in dairy cows is a crucial time influencing health, milk production
and fertility. Galectins are receiving interest as therapeutic targets because of their roles in
immune signaling pathways. The aim of this study was to evaluate the expression and
modulation of galectin genes in periparturient cows with different parities. Twelve
periparturient Holstein Friesian cows were grouped into 3 parities (1% parity, 2nd parity, 31
parity) (N=4). Blood was taken during the periparturient period including 2 weeks close to
parturition (close-up), and 7 days after parturition(c+7) in Paxgene tubes. Total RNA was
isolated, reverse-transcribed to cDNA. With the use of Primer 3 online tool, specific primers
(forward and reverse) for cow galectins LGALS- 1, 2, 3, 4, 7, 8, 9, 12, 15, GAPDH and
B-actin were designed. Transcription of galectins was evaluated using Real-time PCR. Fold
change in transcript abundance was calculated using the Livak method. GAPDH and B-actin
served as internal controls. Enzyme-linked Immunosorbent Assay (ELISA) was used to
detect and determine the concentrations of Galectins(Gal) in the plasma. All galectins tested
were differentially expressed. LGALS! and LGALSI15 were transcribed only during late
gestation, but undetected postpartum regardless of parity. Gal-1, -2,-4,-8 and -9
concentrations in plasma were high in periparturient cows compared to far-off cows. Gal9
concentration increased postpartum. Gal-2, Gal-3 and —Gal-12 concentrations were reduced
in plasma postpartum compared to far-off cows. This study supports the idea that galectin
signatures may be useful biomarkers and drug targets in dairy cows, especially during the
periparturient period.

Keywords: Galectins, Gene expression, Periparturient, Parity
1. Introduction

The recognition of the importance of the period from late pregnancy until the adaptation
phase of early lactation has led to the development of the concept of the periparturient period,
which is commonly defined as the period from 3 weeks before to 3 weeks after
calving(Esposito et al., 2014). The periparturient period for dairy cows is characterized by
significant metabolic and immunologic changes. These metabolic and immunologic changes
occur concurrently with a high incidence of infectious diseases in dairy cows. An estimated
30 to 50% of cows are reported to experience health disorders during the periparturient period,
and the majority (75%) of infectious disease and metabolic disorders in dairy cows occur
during this time (Sordillo & Mavangira, 2014). Health disorders during the periparturient
period impact the productive efficiency of the cows (Crookenden et al., 2016). For this reason,
there have been many studies to better understand the underlying causes of both metabolic
and infectious diseases around the time of parturition in order to design more effective
management practices to reduce cow health disorders (Adjei-Fremah et al., 2016; Sordillo &
Mavangira, 2014; Zhang et al., 2015). Previous studies have indicated that the high incidence
of disease during the periparturient period is linked to the changes in hormone and protein
concentrations in blood around this time(Heiser et al., 2015). Also, there is evidence that age
(Oltenacu & Ekesbo, 1994) and parity (Hiromichi et al, 2009) have an effect on
susceptibility to infectious diseases during the periparturient period. Genes involved in
inflammation and mediation of the inflammatory responses have been reported to be altered
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in dairy cows during the periparturient period ( Crookenden et al., 2016).

Galectins, lectins with an affinity for -galactosides have been shown to be differentially
expressed in the endometrium of humans, murine and ruminants (Masahiro, Hashiba, Junko,
& Okuda, 2015; Nio-Kobayashi et al., 2016; L. A. Okumu et al., 2011; Osei et al., 2017).
They have been postulated to play key roles in endometrial immunity since they are
differentially expressed in the endometrium, ovaries, and placenta around the time of
parturition (Walker et al., 2010). For instance, LGALS! is differentially expressed between
normal and pathologically altered placentas in human. Also, in cows, LGALS3 is detected in
the ovary, oviduct, uterus, and cervix and is postulated to be involved in mucosal defense.
Galectins could be key players in immunity of cows, especially during the periparturient
period. However, the role of galectins in cow blood postpartum cow disease has not been
explored. Galectins have been known to act as PRRs as well as PAMPs that orchestrate
immune responses according to the level of pathogenicity of the invading microorganisms
(Sato, St - Pierre, Bhaumik, & Nieminen, 2009; van Kooyk & Rabinovich, 2008).The
binding of some galectin to microorganism-specific glycans or host-like glycans on
microorganisms can initiate immune responses, which leads to clearance of the
microorganism. Moreover, previous studies have implicated some galectins in parasite or
pathogen establishment through biomimicry(Souza et al., 2015). The microbe’s recognition
by the vector or host galectins promotes its adhesion, host cell entry, or infection persistence,
in addition to modulating the host’s immune responses. Thus, these pathogens and parasites
would “subvert” the roles of the host or vector galectins as PRRs, to attach to or gain entry
into their cell (Bianchi, 2007; Fermino et al., 2011).

All these functions make galectins promising molecules to be involved in the immunological
regulation during the peripartal period. The expression of galectins has been extensively
investigated so far in the reproductive organs of diverse mammals including cows and are
known to be involved in the regulation of endometrial immunity (Okumu et al., 2011;
Popovici et al., 2005; Sheldon et al., 2009). However, little is known about its expression in
the blood of the cow (L. A. Okumu et al., 2011). Understanding galectin expression during
the periparturient period will contribute to the design of control strategies and biotherapeutics
to alleviate immunosuppression in periparturient ruminants.

The aim of the study is, therefore, to evaluate the expression and modulation of galectin
genes in periparturient cows with different parities.

2. Materials and Methods

2.1 Animals

Twelve Holstein Friesian periparturient (1% parity, 2™ parity, 3'") (N=4) cows from a
commercial dairy herd in Michigan were used. Far-off cows(N=4) from North Carolina A&T
State Dairy farm were used as controls. None of the animals exhibited any evidence of
disease or received medications during the 4-week period prior to blood sampling. All
protocols for the handling of the animals were approved by the Institutional Animal Care and
Use Committee.

2.2 Blood Sampling

Complete details of blood sampling have been reported elsewhere (Asiamah et al., 2016;
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Ekwemalor et al., 2016). Briefly, whole blood (2.5 ml) was collected aseptically from the
jugular vein of the animals into PAXGene tubes. The tubes were gently mixed and placed on
ice immediately after collection. The samples were shipped overnight to the Laboratory of
Animal Genomic Diversity and Biotechnology at North Carolina A&T State University for
further analysis.

2.3 Isolation of Total RNA and cDNA Synthesis

Total RNA was isolated using Trizol according to the manufacturer’s instructions
(Sigma-Aldrich St. Louis, MO). The appropriate precautions were used to avoid RNase
contamination throughout the entire procedure (Adjei-Fremah et al., 2016; Worku et al.,
2016). The RNA concentration (ng/ul) and purity (260/280) were assessed using a Nanodrop
Spectrophotometer ND 1000 (Thermo Scientific Inc., Waltham, MA). Total RNA was
pipetted into an RNA 6000 Nano LabChip® (Agilent Technologies, DE) and RNA integrity
was determined using Bioanalyzer following manufacturer’s protocol (Agilent Technologies,
DE). Complimentary DNA (cDNA) synthesis was performed with 500 ng/ul RNA (purity
260/280 = 1.8, RIN = 7). Retroscript kits (Bio-rad Laboratories, CA) were used to synthesize
cDNA for real-time Polymerase chain reaction.

2.4 Gene Expression Profiling of Galectins

With the use of Primer-3 online tool, Forward and reverse primers for cow galectins LGALSI,
2,3,4,7,8,9, 12 and 15 were designed commercially. Primers specific for LGALSI,
LGALS2, LGALS3, LGALS4, LGALS7, LGALSS, LGALS9, LGALS12, LGALS15, GAPDH
and P actin were purchased from MWG, Biotech Huntsville AL (Table 1). Beta-actin and
GAPDH were used as internal controls and for normalization.

Table 1. Sequences of primers used

Accession Gene Primer  Sequence 5°>3" Expected
number Product
Size (bp)

NM 175782 LGALSI Forward GGCAAAGACGACAACAACCT 189
Reverse GGTTAGGTCCGTCTGGTTGA

NM 001075494  LGALS2 Forward CCTCACCAGAGAGCAAGACC 181
Reverse TGGAAAACACCACAGTTGGA

NM 001102341  LGALS3 Forward GAATGATGTCGCCTTCCACT 165
Reverse TCAGGTTCAACCAGCACTTG

NM 001034768.2 LGALS4 Forward ATTCACGACTCCTGCAGCIT 215
Reverse CCCCACCTCGAAGTTTACAA

XM 010826300  LGALS7 Forward TCTACGTGAACCTGCTGTGC 236

Reverse CCGGAAGTGGIGGTACTCAG

NM 001045954.2 LGALSS Forward TCGTGATCATGGTCCTGAAA 232
Reverse TGTGACTCGCCAGACTTTTG
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NM 001015570.3 LGALSY9 Forward TGTACCCCTCCAAGAGCATC 233
Reverse ACACATGATCCACACCGAGA
XM_ 015467485 LGALS12 Forward CAGCTGATCCCACTCTCCTC 176

Reverse AATGCCAGGCTCTCAGAAGA

2.5 Real-Time PCR

Real-time PCR was performed on the CFX Connect real-time system (Bio-rad Laboratories,
CA) as described by (Ekwemalor et al., 2016). The PCR reaction mixture consisted of
template, primer (1ul), intercalating dye SYBR Green (10ul). All samples were carried out in
duplicate 20-pl reactions in 96-well plates, and a negative control with no cDNA template
was included in every run. The PCR conditions used was: 95 °C for 15 seconds for
denaturing, 60 °C. for 30 seconds for primer annealing, and 72 °C for elongation (Asiamah et
al., 2016).

Specificity of the amplicon products was confirmed by visual inspection of melting curves.
Real-time PCR data were analyzed using the Livak's method(Livak & Schmittgen, 2001).
Gene expression was normalized using the geometrical mean of the housekeeping genes,
GAPDH, and B actin. The housekeeping genes (GAPDH and B actin) and samples from
far-off cows were used to determine the AACt (Worku and Morris, 2009; Asiamah et al.,
2017). Where ACt = (Target genes ..7 — GAPDH/B actin ;) — ACt (Target genes ., —
GAPDH/B actin ). Fold change = 2044°Y.

2.6 Agarose Gels Electrophoresis
Amplified PCR products were run on 1 % agarose gel using Sul of amplified cDNA
and 1 pl of six times loading dye (Thermo Scientific) at 100 volts for 30 minutes. Gels were

stained with 1pl/ml ethidium bromide, washed and visualized using Bio-Rad gel
documentation

system (Bio-Rad Laboratories, Hercules, CA). The product sizes were compared to the
expected product sizes in Table 1.

2.7 Evaluation of the Concentration of Total Plasma Protein

Total protein concentrations in plasma harvested from far off cows (n=4) and periparturient
cows (close-up (c.u) and seven days after calving (c+7) were measured using the
bicinchoninic acid assay (BCA) following the manufacturer’s instructions (Thermo
Scientific™ Pierce) as previously described by Adjei-Fremah et al., (2015; 2018), and
Asiamah (2015) . A standard curve was used to calculate the concentrations.

2.7 Evaluation of Galectin Secretion

The concentrations of secreted Galectins (Gal) -1, -2, -3, -4, -7, -8, -9, -12 in plasma were
determined (100 pl) using commercial bovine ELISA kits (Gal-1 catalog no. MBS2882620,
Gal-2 catalog no. MBS033680, Gal-3 catalog no. MBS017323, Gal-4 catalog no.
MBS028694 Gal-8 catalog no. MBS041856, Gal-9 catalog no. MBS033074, Gal-12 catalog
no. MBS032400; My BioSource™) according to the manufacturer's instructions. Absorbance
was measured at 450nm using microplate reader (Bio Tek). A standard curve was used to
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determine the concentration.

Briefly, 100 puL of each standard and sample was added to appropriate wells. Wells were
covered and incubated for 2.5 hours at room temperature with gentle shaking. The solution
was discarded, and the plate was washed 4 times with 1X Wash Buffer. One hundred (100)
uL of 1X prepared biotinylated antibody was added to each well and Incubated for 1 hour at
room temperature with gentle shaking. The solution was discarded and wash step repeated.
One hundred (100) pL of prepared Streptavidin-HRP was added to each well and incubated
for 45 minutes at room temperature. The solution was discarded, and the wash step was
repeated. One hundred (100) pL of TMB Substrate was added to each well and incubated for
30 minutes at room temperature in the dark with gentle shaking. Absorbance was measured at
450nm using a microplate reader (Bio Tek). A standard curve was then used to determine the
galectin concentration. The sensitivity of the assays was 0.1 ng/ml, the detection range were:
Gall; 0.31ng/ml & 20.0ng/ml, Gal2; 0.625 ng/ml & 20 ng/ml., Gal3; 10 ng/ml & 0.156ng/ml,
Gal4; 0.25 ng/ml & 8 ng/ml, Gal8; 0.5 ng/ml & 16 ng/ml. Gal9; .625 ng/ml & 20 ng/ml,
Gall2; 31.2 pg/ml &1000 pg/ml. Both intraassay CV (%) and inter-assay CV (%) for all
assays was less than 15%. [CV (%) = SD/mean x100].

2.8 Statistical Analysis

Real-time PCR data were analyzed using Livak's method. Housekeeping genes and samples
from far off cows were used to determine the AACt, as described above. Data for total protein
concentration and galectins concentrations were analyzed with the Proc GLM procedure of
SAS 9.4 (SAS Institute Inc., Cary, NC). All least squares means were compared using the
PDIFF statement of SAS 9.4(SAS Institute Inc.). Significant differences were declared at P<
0. 05.

3. Results
3.1 Fold change in Galectin Expression

All galectin genes tested were expressed. LGALSI and LGALSI5 were expressed only
prepartum but not postpartum. This was observed at all 3 parities. LGALS2, however, was not
detected in 1*' parity cows but present in 2™ parity and 3™ parity cows. LGALS? increased 2
folds in 2™ parity cows but decreased 5 folds in 3™ parity cows. LGALS4 was only detected
close to parturition in 1% and 3™ parity cows and decreased 10 folds in 2" parity cows after
parturition. LGALS7 decreased 2.5 and 3.3 folds respectively in 1 and 2™ parity cows after
parturition but was not detected in 3™ parity cows after parturition. LGALS9 was increased
2.1 and 3.4 folds in 1** and 2™ parity cows respectively. In 3™ parity cows, however, LGALS9
decreased 2.5 folds. (Table 2). LGALSI2 was not detected in 1% parity cows postpartum but
was increased 3.3 folds postpartum in 2™ parity cows. It was however detected in 3" parity
cows only 7 days postpartum (Table 2)
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Table 2. Fold changes in Galectin gene expression at 3 different parities

Galectins Transcripts Parity 1 Parity 2 Parity 3
LGALS? ND 2.0* -5.0
LGALS3 -2.5 2.0* -10
LGALS4 c.u only -10.0 c.u only
LGALS7 -2.5 -3.3 c.u only
LGALSY 2.1% 3.4% -2.5
LGALS12 c.u only only 3.3*% c.+7only

Note*= fold change > 2 is considered significant, ns=fold change < 2, ND=absent in close-up
and c+7, c.u only= gene was only found in close-up samples but not in ¢+7, c+7 only = gene
was only found in c+7 samples but not in close-up samples.

3.2 Amplified Galectins

All Galectins tested were expressed in cow blood and could be visualized on a 1% agarose
gel at the expected molecular weights (Tablel) (Figure 1).

MARKER LGALS 1LGALS 2 LGALS3 LGALS4 LGALS7 LGALSS LGALSY LGALS 12 MARKER

-

- o W ﬁ*'“_"

Figure 1. Molecular Weights of Amplified Galectin products in 1% agarose gel

From left to right: M: Marker (100-5000bp), LGALS1 (189bp), LGALS?2 (181bp), LGALS3
(165bp), LGALS4 (215bp), LGALS7 (236bp), LGALSS (232bp), LGALS9Y (233bp), LGALS12
(176bp) and M: Marker (100-5000bp).

3.3 Total Plasma Protein Concentration

Protein levels in far-off cows were higher (4256 ng/ml) compared to the periparturient cows
(2443.5 ng/ml) However, protein concentrations did not change 7 days after parturition
compared to 2 weeks before parturition (close up=2437 ng/ml and 7 days after
parturition=2450ng/ml) (p>0.05) (Figure 2).
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Figure 2. Total protein concentration in Plasma
Plasma was harvested from Far-off cows, close up (2 weeks to parturition) cows and C+7
cows (7 days after parturition) (n=4 per group). Plasma from Far-off cows served as controls.
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.

3.4 Periparturient period had an effect on Galectin concentration in Plasma

All galectins tested were secreted in plasma. Gal-1, - 4, -8 and -9 are increased in plasma
during the periparturient period compared to far off cows. Gal-9 was also increased in C+7
cows compared to close up cows. Gal -2, -3 and -12 were reduced during the periparturient
period compared to far off cows (Figure 3).
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Figure 3. Galectin Concentrations in Plasma

(A)Gall (b)Gal2 (C)Gal3 (D)Gal4 (E) Ga8 (F) Gal9 (G) Gall2. Plasma was harvested from.
Far-off cows, close up (2 weeks to parturition) cows and C+7 cows (7 days after parturition)
(N=4 per group). Plasma from Far-off cows served as controls. 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.

4. Discussion

It is widely accepted that around parturition, cows experience a period of immunosuppression
(Kehrli et al., 1989). The combined outcome of immune and metabolic dysfunction during
the periparturient period makes the cows more susceptible to infectious diseases such as
mastitis (Mallard et al., 1998). Previous research has demonstrated that gene expression
( Crookenden et al., 2016) and protein concentrations (Kurpinska et al., 2016; Lippolis et al.,
2006) are altered by periparturient immunosuppression. The reduction in plasma proteins in
the periparturient cows in the current study supports previous reports of immunosuppression
around the periparturient period (Figure 2). Furthermore, age and parity have also been
associated with altered gene expressions and protein concentrations in plasma (Koizumi et al.,
2016). Differential gene expression was observed in cows with different parities in the
current study (Table 2).

This study demonstrates that periparturient period and parity affects galectin expression in the
blood of dairy cows. Galectins have been known to regulate conceptus survival, growth, and
adhesion during implantation in ruminants (Lilian A Okumu et al., 2011; Spencer, Johnson,
Bazer, & Burghardt, 2004). Despite all these reports that have been gathered about galectins,
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knowledge of galectin expression in cow blood during the periparturient period is limited.
Most of the previous research focuses on galectin expression in the endometrium, placenta
and the uterus (Popovici et al., 2005; Satterfield et al., 2006; Sheldon et al., 2009; Spencer et
al., 2004). In this study, we provide evidence that galectins are also differentially expressed in
cow blood. The results of this research open a whole new window into the interplay of the
various galectins and how we can modulate them to improve the immune system of dairy
cows, especially during the periparturient period.

The results of the current study demonstrate that LGALS 1,2,3,4,8,9, 12 and 15 are expressed
in cow blood, and their expression is partly modulated during the periparturient period
depending on the number of parity of the cow. Also, the periparturient stage, as well as the
number of parities of the animal affects its expression in blood.

Although various studies have evaluated the expression of inflammation markers during the
peripartal period (Bertoni et al., 2008; Crookenden et al., 2016; Li et al., 2016; Osorio et al.,
2013; Osorio et al., 2014), to our knowledge, galectin gene expression in the blood of cows
during the peripartal period has not been reported. Galectins have been established as
biomarkers in various immunocompromised situations in both ruminants and non-ruminants
(Labrie, et al., 2017; Madrigal-Matute et al., 2014).

4.1 Galectin Genes Are Differentially Expressed in the Periparturient Period

The results of this study show that 2 prototypes of the galectin family LGALSI and LGALS15
were not detected after parturition regardless of the parity stage, indicating that they may play
roles that were curtailed after parturition.

Galectin 1 is widely distributed in different tissues including innate and adaptive immune
compartments and sites of tissue inflammation in both ruminants and non-ruminants (Cerliani
et al., 2011). It is known to have both growth and immunomodulatory activities. LGALS! has
been known to suppresses autoimmune inflammation and apoptosis (Grassadonia et al., 2002).
The presence of Galectin 1 close to parturition could be for the reduction of inflammatory
activities during this time. Moreover, since LGALS! has been associated with fetomaternal
tolerance (Blois et al., 2007) during pregnancy, it is also noteworthy that its expression may
be reduced a few days after calving as there is no fetus inside the mother anymore. Thus,
LGALS1 may play a role before parturition to ensure homeostasis. Hence LGALS! expression
is essential to the health of both the fetus and the mother especially getting close to
parturition in dairy cows as well.

Studies have implicated LGALS15 with cell growth, differentiation, and apoptosis, as well as
in cell adhesion, chemoattraction, and migration(Farmer et al., 2007; Lewis et al., 2007; R. Y.
Yang & F. T. Liu, 2003). Other studies have shown that LGALS15 plays a significant role in
the maintenance of healthy pregnancy in ruminants(Gray et al., 2006). Despite this available
evidence, the role that Galectin 15 plays in the health of the dairy cows during the
periparturient period has not been reported. In the current study, we detected LGALS!5 in the
blood of cows 14 days prepartum. This could mean that LGALS15, like LGALS1, could play
a role in the immune function and the health of the pregnancy of dairy cows close to
parturition but not after.

LGALS? a prototype member of the galectin family was absent in 1% parity cows but present
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in 2" and 3™ parity cows. LGALS2 was also increased in 2" parity cows. Research has
shown that LGALS?2 induces apoptosis in activated T cells (Sturm et al., 2004). This could
mean that LGALS2 may play a key role in the anti-inflammatory activities and immune
responses of cows after parturition, but the extent of their actions may depend on the number
of parities of the cow. This is understandable since cows with different parities have different
immune statuses as reported by Ohtsuka et al. (H. Ohtsuka et al., 2010). Also, since the
reproductive tract of the cow is exposed during parturition, LGALS2 expression could be
essential in the restoration of homeostasis after an influx of immune cells to the site of
infection.

LGALS3, the only chimera type galectin was expressed both pre and post-calving in cow
blood. Galectin 3 expression did not change in cows in first and third parities. However, there
was an increase in 2™ parity cows. This also underscores the fact that, cows with different
parities have different immune statuses during the periparturient period (Moosavi et al., 2014).
LGALS3 has been shown to intervene in many cellular processes in vitro. Also, LGALS3 is
up-regulated during inflammation/infection (Ochieng, Leite-Browning, & Warfield, 1998).
This could mean that 2™ parity cows remain inflamed even seven days after calving. Recent
research by our group demonstrated that peripartal cows supplemented with methionine had
reduced levels of LGALS3 in their neutrophils (unpublished). This highlights the possible
pro-inflammatory role of Galectin 3 in peripartal cows.

LGALS4, a tandem repeat was also expressed close to parturition and undetected seven days
after calving in only 1* and 3™ parity cows. However, they were still present in 2™ parity
cows but their expression did not change after birth. In non-ruminants, LGALS4(unlike
LGALS1 and LGALS3 which are ubiquitous) is only expressed in inflamed cells. Therefore,
there is more restricted distribution of LGALS4 in normal tissues, but clear induction in early
stages of malignancies renders it particularly promising as a diagnostic and prognostic
biomarker. Since galectin 4 has been linked with infectious diseases, their reduction in
expression in these animals after parturition could be a positive sign that the animals are in
good health. However, it will be important to investigate whether blocking activities of
LGALS4, in overexpressed conditions, would deliver critical therapeutic effects for the cow.

LGALSY gene expression was increased in the blood of 2™ parity cows. In the 1¥* and 3™
parity cows, however, they were present both before and after parturition but fold change in
gene expression did not change. Galectin 9 in immunological contexts can influence the
immune system in different ways, either by exacerbating the inflammatory process or by
acting as an anti-inflammatory agent (Meggyes et al., 2014). Gal-9 preferentially induces
apoptosis of activated CD4-positive T cells through Ca’ influx-calpain-caspasel pathway. It
has been demonstrated that Gal-9 is a ligand of T cell immunoglobulin- and
mucin-domain-containing molecule 3 (TIM-3) and that Gal-9 induces apoptosis of
TIM-3-expressing cells in vitro and in vivo (Nagahara et al., 2008). Previous research has
suggested that Gal-9/TIM-3 pathway could play an important role in the immunoregulation
and the altered Gal-9 and TIM-3 expression could result in an enhanced systemic
inflammatory response (Miko et al., 2013). This makes the regulation of LGALS9 expression
especially during this immunosuppressed stage of the animals very critical. In this regard, it is
possible that galectin-9 could play an important role in the regulation of maternal immune
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tolerance toward the fetus and may be a potent regulator of the adaptive and innate immune
responses (Chabtini et al.,, 2013). Although data about the role of galectin-9 in the
pathogenesis of diseases is emerging their possible role during cow pregnancy is not
precisely known.

It was also interesting to find that LGALS12, which is involved in adipocyte differentiation
was also expressed in cow blood. It was affected by both the periparturient period as well as
the parity stage. Gal-12 promotes cell death of adipocytes. Previous studies have shown that
an increase in the number of apoptotic cells in adipose tissue causes an increase in the level
of galectin-12 mRNA (K. Hotta et al., 2001). The fact that LGALS12 is expressed in blood is
noteworthy because in non-ruminants it is an adipose-expressed galectin-like molecule that
participates in adipocyte apoptosis(K. Hotta et al., 2001; Hsu, Yang, & Liu, 2006; R. Y. Yang
& F. T. Liu, 2003). The possible biologic role of Gal-12 in cow blood needs to be explored.

4.2 Periparturient Period Affects Gal-1, -2, -3, -4, -7, -8, 9 and Gal 12 Concentrations in
Plasma

Galectins are best known for their role outside cells following their secretion in the
extracellular space via a non-classical pathway (Dai et al., 2005; Jeng, Frigeri, & Liu, 1994;
Jung et al., 2007; Madrigal-Matute et al., 2014; Maftouh et al., 2014; Markowska, Jefteries,
& Panjwani, 2011). Hence, it was imperative to investigate their secretion in plasma
especially during this time of immunosuppression.

In a previous study, galectin-1 deficient mice showed higher rates of fetal loss which was
corrected by treatment with recombinant Gal-1 to prevent fetal loss and restore tolerance.
Our results showing higher Gal-1 concentration in plasma of periparturient cows in
comparison with the control underscores its involvement in immunoregulation during
pregnancy as reported previously by Blois et al. (Blois et al., 2007).

In contrast to Gal-1, research on the role of other less well-known galectins, especially Gal-2
and -12, outside the cells is just in its infancy. However, it is already clear that they do exert a
regulatory function in immune cells and have strong potential as biomarkers (Kikuko Hotta et
al., 2001; Stowell et al., 2007; Wan, Yang, & Liu, 2018; R.-Y. Yang & F.-T. Liu, 2003). The
results of the current study show that Gal-2 and Gal-12, which are both involved in apoptosis
and homeostasis are significantly reduced in plasma of periparturient cows. Their reduction
in concentration during the periparturient period could be a contributing factor to
immunosuppression around this time. Furthermore, the results of the study also show that
Gal-3 is reduced during the periparturient period in cow plasma (Figure 3). The decrease in
Gal-3 concentration could be an indication of reduced inflammatory activity since it is an
established biomarker of inflammation (Newlaczyl & Yu, 2011).

Gal- 8 is a tandem-repeat galectin expressed in different organs and tissues under physiological
or pathological conditions (Thurston, Wandel, von Muhlinen, Foeglein, & Randow, 2012).
Gal-8 modulates neutrophil function, migration and microbial killing (Nishi et al., 2003).
Gal-8 plays a role not only in innate immunity but also in acquired immunity by inducing
dendritic cell maturation and promoting Thl immune responses (Dai et al., 2005). There is
evidence that genes involved in extracellular matrix adhesion including LGALSS8 are
downregulated during the periparturient period, and this disrupts neutrophil migration and
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phagocytic capacity on the day of calving (Mitchell et al., 2014). On the contrary, in the
current study, Gal-§ plasma concentration was increased in periparturient cows. This
indicates that the capacity of neutrophils to migrate into the target tissue and their ability to
kill pathogens is possibly also increased.

In the case of gal-9 in particular, its circulating levels have been investigated in humans with
immune disorders or during infections (Labrie et al., 2017). These increase in galectin-9
concentration post calving indeed provide the impetus for future investigations on the
correlation between plasma levels of gal-9 and immune status of dairy cows.

5. Conclusion

The results demonstrate that the periparturient period, as well as parity differentially,
modulates transcription of mRNA and secretion of galectins in cow blood. Elucidation of the
relationship between the periparturient period and galectin expression may help to define
their roles in post partal diseases as well as aid in drug design in the dairy industry.
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