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Abstract

Milk somatic cells produce numerous soluble proteins like cytokines that play important roles in the immunity
of the mammary gland. This study aimed to investigate the expression profiles of bovine pro-inflammatory
cytokine genes including I1L-2, IL-6, IL-8, TNF-a, IFN-y, and GM-CSF in the somatic cells of milk in healthy
Holstein cows at different lactation stages in their first lactation cycle. For this purpose, milk samples were
collected from eighteen dairy cows at the early, middle, and late lactation stages. Total RNA was extracted from
the somatic cells of milk and then the first strand of cDNA was synthesized. Real-time PCR was performed for
the bovine pro-inflammatory cytokine genes. As reference genes, the B-actin and GAPDH genes were used
to normalize the data. The real-time PCR data were analyzed with the REST and SAS programs. According to the
results, the six-cytokine genes were expressed in the milk somatic cells of healthy cows in different lactation
stages. The results showed that the expressions of almost all cytokine genes (except for the TNF-a gene) were
significantly higher in animals at the middle compare to the early lactation stage. However, the expression of
cytokine genes also showed a trend to be higher at the late lactation stage compared to early lactation. Still, these
differences were only significant for mRNA levels of TNF-a and GM-CFS genes. Furthermore, the expression
differences of cytokine genes were not significant in cows at the late relative to animals at the middle lactation
stage. In the entire lactation cycle, the mRNA transcription levels of IL-6 and IL-2 were observed at high and low
concentrations compare to other cytokine genes, respectively. The highest stability was shown for IL-6 throughout
the three lactation stages, while the lowest stability was found for the expression of TNF-a. The correlation
between the gene expression levels was almost not significant for most of the studied genes in different stages of
lactation, however, a significant correlation was found between IL-8 and GM-CSF in the entire, early and late
stages of lactation.
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Introduction

The breeding strategy continues to resistance in dairy cattle (Abdel-Azim et al,

increase its focus on health traits in dairy
cattle (Koeck et al, 2012; Parker et al,
2014). It has been recommended to include
immune response traits in breeding indices
to improve the inheritance of disease

2005; Mallard et al, 2011). For example, it
is suggested to use somatic cell score (SCS)
as an indicator trait to obtain genetic
improvement in mastitis resistance, and the
somatic cell count (SCC) is widely used as
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a selection criterion for the genetic
improvement of mastitis resistance in dairy
cattle (Odegard et al, 2003). Since
variations in milk SCC depend mainly on
the leukocyte recruitment in response to an
inflammatory reaction, SCC is usually used
to distinguish between healthy and infected
mammary glands and, thus, to monitor
udder health (Schukken et al, 2003). The
somatic cells are also normally present in
milk at low levels. They consist of different
cell types such as lymphocytes,
polymorphonuclear leukocytes (PMN),
macrophages, and a smaller number of
epithelial  cells. The number and
composition of milk somatic cells depend
on many factors such as animal health, milk
productivity, genetics, and environmental
factors (Riollet et al, 2002; Alhussein,
2018). In addition, variations are observed
in the composition of milk somatic cells
including the lymphocyte population in the
lactating healthy gland during lactation
stages and cycles (Alluwami, 2002; Park et
al, 1992). Furthermore, an increase in SCC
Is associated with a decrease in daily milk
production, which depends on the lactation
stages and parity, and it was very extensive
in late lactation stage regardless of parity
(Hagnestam-Nielsen et al, 2009). Decreased
milk production due to increased SCC in
multiparous cows was more than
primiparous cows (Bennedsgaard et al,
2003; Hagnestam-Nielsen et al, 2009).
Generally, total milk SCC is less than
10°/ml in the healthy lactating mammary
gland (Leutenegger et al, 2000). However,
the high milk production of the Holstein
breed creates a constant state of stress in
lactating animals, and therefore a small
amount of tissue damage and possibly the
presence of low-grade bacteria are
common. This assumption is important to
understand the expression of cytokines that
indicate a certain level of inflammation in
the healthy state of lactating cows
(Leutenegger et al, 2000). Bacteria in
infected mammary glands release their
metabolites and cell walls, chemoattractants

for leukocytes (Kehrli et al, 1994). Then,
larger amounts of various soluble factors
are secreted by somatic cells in the
mammary gland, which leads to the massive
recruitment of additional leukocytes into
the gland. These factors involve cytokines,
complement components, leukotrienes,
prostaglandins, serotonin, and histamine
(Giri et al, 1984; Harati et al, 2022; Rose et
al, 1989; Shuster et al, 1993; Zia et al,
1987). Cytokines are small proteins that
transmit intercellular  signals  for
inflammation, immunity, hematopoiesis,
stress, mammary gland development, and
tissue repair (Belardelli and Ferrantini,
2002; Brenmoehl et al, 2018; Rouveix,
1997; Wood and Rothel, 1997). The use of
bovine cytokines in mastitis
immunotherapy also indicates their
important role in the defense regulation of
the mammary glands (Godson et al, 1997).
Accordingly, the cytokine genes have
considered as strong candidate markers for
mastitis resistance selection in dairy cattle
(Sarikaya et al, 2006; Oviedo-Boyso et al,
2007; Curone et al, 2018). Understanding
the cytokines activity at different stages of
the lactation cycle is important to monitor
the well-being of the mammary gland.
Therefore, the objective of the present study
was to investigate the mRNA levels of
normal transcription of cytokines, IL-2, IL-
6, IL-8, IFN-y, TNF-a, and GM-CSF in the
milk cells of the bovine mammary gland at
the early, mid, and late stages of lactation
period in the first lactation of Holstein dairy
COWS.

Materials and methods

Eighteen healthy dairy Holstein cows in
their first lactation were grouped according
to their lactation stages (6 at 7-10, 6 at 140-
150, and 6 at 290-295 days after
parturition). The criterion for selecting
animals at the early stage was the SCC<
350,000, while this criterion was
SCC<100,000 for the two middle and late
lactation stages. One liter of milk sample
representing all four quarters was collected
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in sterile tubes. Then the milk sample was
centrifuged for 20 min at 1500 g at 4 °C.
The obtained cell pellet was washed in PBS
pH 7.4 twice and centrifuged for 20 min at
4 °C and 220g according to Liebe (1996).
The pellets were lysed with 500 pl PBS-
EDTA and, then, total RNA was isolated
using a Denazist kit according to the
manufacturer’s protocol. The extracted
RNA samples were treated with DNase | to
remove DNA contamination. RNA quality
and quantity were assessed by agarose gel
electrophoresis and spectrophotometric
readings. Synthesis of first strand cDNA
was performed with  AccuPower®
RocketScriptTM RT PreMix kit (Bioneer)
and random hexamer primers (Takapozist)
according to the manufacturer's
instructions. The final volume was adjusted
to 50 pl with RNase-free water. The
amplified cDNA samples were then stored
at -20 °C until use in real-time PCR. The
primers for the gene expression evaluation
were used as described by Lee et al, (2006)
and the B-actin and GAPDH genes were
used as endogenous references for the
calculation of dCP (Table 1). Real-time

PCR was performed using CFX96 (Bio-
Rad, USA) and Hot Taq Eva Green gPCR
kit  (Cinnagen) according to the
manufacturer’s instructions. All reactions
were carried out in duplicate. Amplification
conditions were an initial step of 95 °C for
15 min, followed by 50 cycles of 94 °C for
15, 60 °C for 30 s, and 72 °C (depending
on the product length, 5 s per 100 bp) in a
10-pl reaction volume. After amplification,
all samples were submitted to analysis of
the dissociation curve to confirm the
absence of nonspecific products and primer
dimmers (melting curve by 95 °C for 5 s, 65
°C for 15 s, and 95 °C for O s). In each
reaction of real-time PCR, the cycle number
at which the fluorescence rises appreciably
above the background fluorescence is
determined as the crossing point (CP).
Descriptive statistics are calculated using
the derived CPs for each cytokine gene by
the SAS program. The real-time PCR
results were analyzed with the REST
program to compare differences in gene
expression across groups (Pfaffl et al,
2002).

Table 1: Primers sequences of bovine cytokines and references genes in real-time PCR.

Gene Primer Sequence (5°-3") Length | Accession
11-2 IL-2.107f 5’-GGATTTACAGTTGCTTTTGGAGAAA-3’ 165 M12791
IL-2.271r 5’-GCACTTCCTCTAGAAGTTTGAGTTCTT-3’
o | sE | SToaTecoscaeeTeoncann | s | s
Lo | S | SCTOTCRMTTARSTITE | os | s
P | P | S TeATocooTecToo e | s | e
mee | NESET | S TTISIEMRSCTIORTINCASSY |y | aroua
owcrs | S| S pSTARTCRCACAOMETCETAITTe Y | | waras
crvon | T | T SSCTTOMCCACISISTATANS | i | s
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Results

The form of data observations is the raw
CP or threshold cycles (Ct) that are
generated by a real-time PCR. Usually, the
raw CPs or Ct are normally distributed and
seem to be the best estimators of the gene
expression levels, thus, a parametric test can
be performed. In real-time PCR, the amount
of amplicon is inversely related to the
numerical value of the Ct (i.e., the greater
the amount of amplicon, the lower the value
of the Ct). Six cytokine genes were
expressed in somatic cells of all milk
samples at the early, middle, and late stages
of lactation (Fig 1). Although the Ct average
in all cytokines, except for IL-6 with an
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average of 25.8, was higher than 30, which
indicates the low expression of studied
genes in the milk somatic cells of healthy
cows. The lowest expression level was
detected for IL-2 (average Ct= 34.1) in the
entire lactation cycle (Figure 1a). As shown
in Fig 1b, the mRNA level of IL-6 was also
higher in each lactation stage compared to
the other cytokines. Among all cytokine
genes, the expression of IL-2 was lower in
the early (mean Ct= 35.1) and late (mean
Ct= 34.3) lactation stages, while a lower
expression level was observed for TNF-a
(mean Ct=36.3) in the middle lactation

stage (Figure 1b).
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Figure 1: Average of Ct values for cytokine genes in the entire lactation (a)
and different lactation stages (b)
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Based on the descriptive results of Ct
values for cytokine genes, the IL-6 and
TNF-o, with standard deviations of 0.54 and
3.21, showed the highest and lowest
expression stability during the entire
lactation cycle, respectively (Figure 2a). In
the early stage of lactation, as in the entire
lactation period, the IL-6 and TNF-a
revealed the highest and lowest expression
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stability, with a standard deviation of 0.44
and 3.94, respectively (Figure 2b). The IL-
6 gene showed maximum expression
stability in the middle (SD Ct=0.70) and late
(SD Ct=0.43) lactation stages (Figure 2b).
The highest expression variations were
observed for IL-8 (SD Ct= 2.26) and IFN-y
(SD Ct=3.29) genes in the middle and late
lactation stages, respectively (Figure 2b).

GM-CFS

IFN-y TNF-o

GM-CSF
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Figure 2: The standard deviations of Ct values for cytokine genes in the entire lactation (a)
and different lactation stages (b)

The comparison of the relative
expression of cytokine genes at different
lactation stages is given in Table 2. The
comparison of mMRNA levels in cytokine
genes was represented as folds’ induction,

89 | Iranian Veterinary Journal

and large variations were shown among the
studied genes in terms of magnitude (Table
2). The results showed no significant
difference in the expressions of the TNF-a
gene in cows at the middle lactation stage



Elnaz Heidari Arjlo, Hajar Al-sadat Hoseini-Dolatabady and Mustafa Muhaghegh-Dolatabady

compared to animals at the early lactation
stage. However, in cows at middle lactation,
the expression of the TNF-a was 3.05 times
higher than in cows at early lactation, but
this difference was not significant (p=0.24).

The expressions of other studied cytokine
genes were significantly higher in cows at
middle lactation compared to the early
lactation stage (P<0.05).

Table 2: Relative gene expression in animals at different lactation stages (E: Early lactation stage, M:

middle lactation stage, and L: late lactation stage).

Gene Expression rate Results
M vs E LvsE Lvs M M vs E LvsE LvsM
IL-2 92.46** 9.34 0.10 U
p-value 0.002 0.19 0.12 P - -
IL-6 15.43* 5.44 0.35 U
p-value 0.01 0.19 0.31 P - -
IL-8 15.52* 6.23 0.30 U
p-value 0.04 0.25 0.36 P - ~
—IFN 12.23* 1.81 0.148 Up
p-value 0.03 0.71 0.19 - -
TNF-a 3.05 11.70* 3.830 U
p-value 0.24 0.03 0.24 - P -
GM-CSF 100.45** 16.97* 0.169 U U
p-value 0.001 0.02 0.10 P P -

* Statistically significant (p < 0.05)
** Statistically significant (p < 0.01)

The striking differences were found in
the mRNA levels of GM-CSF and IL-2
between cows in the early and middle
lactation stages. The cows in the middle
lactation stage showed 100.45 and 92.46-
fold increases in GM-CSF and IL-2
transcripts compared with animals in the
stage of early lactation, respectively. In
addition, significant differences were
observed in the expression of TNF-a and
GM-CFS genes at late relative to early
lactation stage (p<0.05); however, the
expression of other cytokine genes also
showed a trend to be higher at the late
lactation stage relative to early lactation, but
these differences were not significant. No
significant differences were observed in the
expression of cytokine genes in cows at the
late lactation stage relative to cows at the
middle lactation stage (Table 2).

Significant correlations were found
between the expressions of cytokine genes
at different lactation stages (Table 3). In the
early stage of lactation, the correlation
between the expression of IL-8 and GM-
CSF genes was significant (p<0.05).
Whereas, only the correlation between
expression of IL-6 and IFN-y genes was
significant in the middle stage of lactation
(p<0.05). In the late lactation stage, a
significant correlation was observed in the
expression of IL-2 and IL-6 (p<0.01). In
addition, the correlation between IL-8 and
GM-CSF was significant in the late
lactation stage (p<0.05). In the entire
lactation cycle, correlations between IL-8
and GM-CSF, and also, IL-8 and TNF-a
were significant (p<0.05).
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Table 3: Correlations between the transcriptional activity of cytokine genes in the different lactation
stages and the entire lactation cycle

IL-2 IL-6 IL-8 IFN-y TNF-o
Early 0.39
Middle -0.65
IL-6 Late 0.98**
Entire 0.14
Early -0.10 -0.05
L8 Middle 0.48 -0.19
Late 0.25 0.28
Entire 0.11 0.03
Early 0.66 0.39 -0.77
IFN-y Middle 0.56 -0.89* 0.05
Late 0.31 0.34 -0.34
Entire 0.31 -0.01 -0.41
Early 0.48 0.64 -0.28 0.63
TNF-a Middle -0.68 0.25 -0.55 -0.09
Late 0.57 0.50 0.25 0.64
Entire 0.05 0.52 -0.07 0.40
Early 0.13 0.17 -0.89* 0.78 0.54
Middle -0.36 -0.04 0.47 -0.13 0.27
GM-CSF Late 0.001 0.001 -0.82* 0.35 -0.23
Entire 0.23 -0.12 -0.52* 0.28 0.01
* Statistically significant (p < 0.05)
** Statistically significant (p < 0.01)
Discussion
The somatic cells of milk play an goat mammary glands included pro-

important role in the innate immune defense
of the bovine mammary gland.
Macrophages are the most abundant cell
type (54-83%) in milk from healthy
mammary glands, whereas neutrophils
become the predominant cell type (>95%)
in milk during mastitis. Milk somatic cells
rapidly increase to reach 10° cells/ml or
higher in the acute phase of mastitis (Lee et
al, 1980; Sordillo et al, 1997). Gene
expression of milk somatic cells mainly
depends on mammary gland conditions
(healthy or infected), lactation stages and
cycle, and pathogens types (Alluwami,
2002; Boulanger et al, 2003; Lee et al, 2006;
Pisoni et al, 2010). Expression of immunity-
related genes represents only 1% of the total
expressed genes in the milk somatic cells of
the caprine mammary gland under normal
conditions, while a significant
transcriptomic disruption occurred in milk
somatic cells after 24 h in experimentally
infected mammary glands by S. aureus
(Pisoni et al, 2010). The most abundant
genes expressed in somatic cells of infected
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inflammatory cytokines, chemokines, and
their receptors (Pisoni et al, 2010). The
cytokines are produced in various types of
milk somatic cells such as leukocytes,
especially T-cells, macrophages, and
mammary epithelial cells (Smith and
Goldman, 1968). They are known as not
only pro- and/or anti-inflammatory agents
to neutralize harmful pathogens but also act
as growth stimulants by affecting the
immune system maturation and
development (Brenmoehl et al, 2018).
Furthermore, the cytokines are sensitive
tools to study the immune response of the
bovine mammary gland and serve as a
suitable marker to monitor udder health.
The regulatory role of cytokines in
mobilizing innate and adaptive immunity of
bovine mammary glands is well-
documented (Sordillo et al, 1997). In this
study, transcriptions of pro-inflammatory
cytokines (IL-2, IL-6, IL-8, IFN-y, TNF-a,
and GM-CSF genes) were detected in milk
somatic cells of all healthy cows at the
early, middle, and late stages of lactation.
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Leutenegger et al, (2000) also reported high
levels of transcription for TNF-a, GM-CSF,
IL-12 p40, and IFN-y in milk somatic cells
of healthy Holstein cattle at middle
lactation. However, mRNA expressions of
IL-12 p40 and 1L-8 genes were significantly
lower than the TNF-a, GM-CSF, and IFN-y
(Leutenegger et al, 2000). IFN-y and IL-6
mMRNAs were also identified in the milk
somatic cells of all healthy cows, but no
transcribed mRNA was detected for TNF-a
in any samples (Taylor et al, 1997). Bovine
GM-CSF was found in normal bovine
mammary glands at middle and late
lactation with a significant elevation in its
transcriptional activity in late lactation
(Alluwaimi and Cullor, 2002). The high
transcriptional level of TNF-a was also
observed at the late lactation stage
(Rewinski and Yang, 1994; Sordillo et al,
1995; Allowiami and Cullor, 2002). A
comparison of healthy animals in two cattle
breeds (Gyr with Black and White Holstein
cattle) showed a significantly lower
expression of IL-2 and IFN-y genes in Gyr
cows, whereas no significant difference was
observed in mRNA levels between Gyr and
BW Holstein cows for IL-4, IL-6, IL-8, IL-
10, and TNF-a genes (Fonseca et al, 2009).
In dairy cows and heifers, the expressions
of IFN-y and TNF-o displayed in two
groups; however, the mRNA level of IFN-y
was significantly higher in cows 2 weeks
after parturition (Jonsoon et al, 2013). The
highest expressions of TNF-a and COX-2
were also found in the milk somatic cells of
Holstein and Brown Swiss dairy cows
(Pfaffl et al, 2003). The serum
concentrations  of  pro-inflammatory
cytokines (i.e. TNF-o, IL-1B, and IL-6)
increased during middle and late gestation
in the murine model (Orsi et al, 2006). In
our study, among cytokine genes, higher
expression was observed for IL-6 in the
entire and three lactation stages, while I1L-2
showed lower mMRNA transcription levels in
the entire, early, and late stages of lactation.
However, higher expression was found for
the TNF-a gene in the middle lactation

stage. IL-2 plays an important role in
stimulating the immunological memory of
T cells and is necessary for the proliferation
and activation of specific cytotoxic T cells
(Smith, 1988). In this study, the lower levels
of IL-2 expression with low somatic cells
may indicate a lower probability of
mammary glands' exposure to foreign
antigens.

Based on the observed variability, the
studied cytokine genes can be ordered from
the most stably expressed, exhibiting the
lowest variation, to the least stable one,
exhibiting the highest variation. In this
study, the expression profile of 1L-6 showed
the highest stability in the entire stages of
lactation. This means that there is low
variation in mRNA levels of IL-6 among
samples compared to other genes. In
contrast, high variability was observed for
TNF-a, IL-8, and IFN-y for the early,
middle, and late lactation stages,
respectively. Johnson et al, (2013) found
higher variability in the expression of
cytokine genes between heifers and dairy
cows. A relationship was found between the
expression of IL-2 and the lactation
numbers, in which the variability in heifers
was lower than in cows (Jonsoon et al,
2013). The mRNA expression of blood cells
for IFN-y, TNF-a, IL-17, and IL-10 greatly
varied between individual healthy dairy
cows during the first week after calving
(Heiser et al, 2015). Genetic variations in
immunity-related genes can  cause
variations in the inflammatory response to
pathogens in different inflammatory
conditions. Additionally, single nucleotide
polymorphisms (SNPs) in promoter regions
of cytokine genes may alter the
transcription rate. Numerous studies have
confirmed the association of genetic
variations in bovine cytokine genes with
susceptibility or resistance to mastitis
disease in dairy cattle (Khan et al, 2023,;
Usman et al, 2015). Therefore, genetic
polymorphisms in bovine cytokine genes
could play an important role in differences
between animals in their cytokine
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expressions and immune responses or
resistance to mastitis pathogens.

Also, no significant correlations were
found between transcriptional activities of
the most studied cytokine genes in the entire
and different lactation stages in animals at
first lactation cycle. Expression of IL-2
positively correlated with the IL-6 in the
late lactation. In the middle of lactation,
MRNA levels of IL-6 negatively correlated
with the IFN-y. In addition, positive
significant correlations were observed
between the expression of IL-8 and GM-
CSF in the entire, early and late stages of
lactation. In an earlier study, a significant
correlation was reported between GM-CSF
and TNF-a in the late and middle lactation
period in the second-and third-lactating
Holstein cows (Alluwaimi and Cullor,
2002). Furthermore, the correlation analysis
indicated that the transcriptional activity of
GM-CSF and IFN-y significantly correlated
to TNF-a at the middle lactation stage
(Alluwaimi and Cullor, 2002). Bhatt et al,
(2012) reported a significant and positive
correlation among IFN-y, GM-CSF, and
TNF-a in crossbred cows but no significant
correlation was found among these cytokine
genes in Gir and Kankrej cattle breeds. IL-
1B concentration was significantly
correlated with 1L-6 during the first month
after calving in multiparous Holstein dairy
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