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Abstract: The aim of this study was to evaluate the influence of applying a 4-week instead of
an 8-week dry period to dairy cows on the proteome of colostrum (first sample) and of transition milk
(the fifth postpartum milk sample). Individual milk serum samples of colostrum and transition milk
were analysed from 12 Swedish Holstein (SH) and 12 Swedish Red (SR) cows. Samples were prepared
by filter-aided sample preparation and dimethyl labelling and analysed by liquid chromatography
tandem mass spectrometry. Shortening the dry period resulted in upregulation of 18 proteins in
colostrum and transition milk of SR, whereas no statistical differences were found for SH colostrum
and transition milk. These upregulated proteins may reflect a specific immune response in the
SR samples that was reflected in colostrum as well as in transition milk. Upregulated proteins in
colostrum seemed to reflect increased mammary epithelial cell proliferation in the periparturient
period when a 4-week dry period was applied. The proteome data indicate that a dry period of
4 weeks to SR cows may not be sufficient for complete regeneration of the mammary epithelium.
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1. Introduction

A dry period of 6–8 weeks is known to maximise the milk yield of dairy cows in their successive
lactation [1]. High milk yield generally aggravates a negative energy balance in early lactation.
The negative energy balance is related to increased risk of metabolic and reproductive problems.
Shortening the dry period is a strategy to ameliorate the negative energy balance in early lactation [2].
A milk yield reduction in early lactation was observed after applying a 28–30 day dry period instead of
a 56–60 day dry period [2–4]. The milk yield over the entire lactation was decreased by shortening the
dry period according to the study of Watters et al. (2008); however, in other studies, no significant
differences were found [5]. Colostrum yield was reduced when a 30 day (5.3 kg) instead of 60 day
(7.7 kg) dry period was applied [6]. Mastitis incidence was not influenced by shortening the dry
period [5,7]. Complete omission of the dry period resulted in a stronger reduction in milk yield [2]
and elevated SCC in early lactation [8], compared to a dry period of 30 days. However, most studies on
a shortening or omission of the dry period have been performed in Holstein cows, which are known
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for their high milk yield. Whether similar effects can be found in dual-purpose breeds has been much
less studied. A recent study comparing the effect of a shorter dry period on Swedish Holstein (SH) to
Swedish Red (SR) cows did not show a distinct effect of cow breed on their response [9].

Prepartum renewal of mammary epithelial cells was reported to occur to a high extent in a dry
mammary gland [10,11], as compared with a lactating mammary gland [11]. High numbers of renewed
secretory epithelial cells at the beginning of lactation were suggested to be responsible for the high milk
production of cows with a 60 day dry period [1]. During a 60 day dry period of cows, secretory capacity
of the epithelial cells reduced until day 25 in the dry period. In the last 35 days of the dry period,
secretory activity of epithelial cells increased to a higher level than was the case for cows that were
lactating until parturition [11]. Although direct experimental data are lacking, reduced milk yield
and udder size indicate that mammary gland development seems to be diminished in cows with
a shortened dry period as compared to a 60 day dry period [12]. Hence, the dry period is an important
period for the mammary epithelium to prepare for the successive lactation. However, whether this
response differs between breeds, such as SH and SR, is unknown, although the effect of a shortened
dry period on the negative energy balance seems to be more pronounced for cows having a higher
milk yield [13].

Colostrum quality is important as colostrum is the first food source for the new-born calf, and it is key
in developing its immune system. Colostrum contains both major milk proteins, such as caseins, as well
as over 200 other proteins with various functionalities [14,15]. Antimicrobial- and immunity-related
proteins were found to be more abundant in colostrum compared to mature milk [14,15]. Two days
postpartum, the milk proteome showed a transition from colostrum-like towards a proteome comparable
with mature milk [15]. Most research related to variation of the milk proteome has focused on changes
as a result of pathogen-induced mastitis. Besides proteins with direct antimicrobial activity such
as cathelicidins and lactotransferrin (LTF), proteins also related to epithelial barrier integrity such
as clusterin (CLU) and plasminogen (PLG) were found to be upregulated in mastitic milk [16,17].
Variation in the content of immune proteins that are important for the neonate has mainly be related to
mastitis thus far, and to a minor extent to lactation stage, but limited work has been done on the effect
of dry period length.

Shortening the dry period to 28 days was reported to not influence protein concentration of
colostrum compared with a 56 day dry period [3]. The IgG concentration in colostrum was not affected
by shortening the dry period to 30 days either [4,6,18], although IgG yield of cows with a 30 day
dry period was lower compared to a 60 day dry period due to a reduced colostrum yield [6]. To our
knowledge, no more detailed work on the colostrum proteome in relation to dry period length exists
up to date. The aim of this study was thus to evaluate the colostrum and transition milk proteome of
cows with a shortened dry period, including both the higher productive SH and the dual-purpose SR
cow breed. Outcomes can be used to generate a better understanding of processes in the mammary
gland in the periparturient period.

2. Materials and Methods

2.1. Experimental Design, Animals, Sampling

The Uppsala Local Ethics Committee approved the experimental protocol (C178/12). For the
current study, 12 SH and 12 SR cows in late lactation with proper udder health were used. Of the SH
cows, 6 were 2nd parity, 3 were 3rd parity, and 3 were 4th parity. Of the SR cows, 7 were 2nd parity,
4 were 3rd parity, and 1 was 5th parity. Cows were blocked according to parity and dried off either
4 or 8 week before expected parturition. The cows were housed at the Swedish Livestock Research
Centre Lövsta in a loose house system with slatted floor and cubicles with rubber mats and shopped
straw as bedding. Water was always available ad libitum. About a week before expected calving,
the cows were moved to individual calving boxes with shopped straw as bedding. No intramammary
antibiotics were used at drying off. Before dry-off, the cows were fed silage ad libitum and concentrate
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according to milk production. The week prior to dry-off, concentrate was withdrawn, and during
the dry off procedure, the cows were fed 4 kg DM of silage and straw ad libitum and no concentrate.
After dry-off, the cows were fed a blend of silage and straw ad libitum, and concentrate was stepwise
increased to 3 kg at parturition. Milk samples were taken at the first (colostrum) and the fifth milking
(transition milk) after calving, while the cows were still kept in the calving boxes and milked in buckets.
Samples were taken as aliquots of the entire milking, resulting in a total of 24 samples per breed.
The milk yield was recorded at the sampling day. Samples were preserved with 0.03% Bronopol and
stored at −20 ◦C immediately after collecting. Analysis of protein, fat, lactose, and somatic cell counts
were done in house, using an infrared spectroscopy method (FTIR, Fourier Transform Instrument,
FT 120, Foss Electric, Hillerød, Denmark). Colostrum samples were diluted 3 times with ultrapure water
prior to FTIR analysis. All 48 individual samples were used for analysis of their protein composition
by liquid chromatography tandem mass spectrometry (LC-MS/MS).

2.2. Milk Serum Preparation

Colostrum samples were diluted 4 times with ultrapure water after thawing. All samples were
centrifuged (1500× g, 10 min, 10 ◦C), and the fat layer was removed. Samples were ultracentrifuged
(100,000× g, 90 min, 30 ◦C) using a Beckman L60 ultracentrifuge equipped with a 70 Ti rotor. A pellet
of caseins and a transparent milk serum fraction were formed. Milk serum was collected and stored at
−20 ◦C prior to further analyses. Protein concentration of serum samples was determined by BCA
assay [15]. Serum samples were diluted to a protein concentration of 10 µg/µL using ultrapure water.
One pooled serum sample was made for SH and 1 for SR, consisting of equal volumes of diluted milk
serum of all 24 samples of either SH or SR colostrum and milk.

2.3. Sample Preparation for LC-MS/MS Analysis

Filter-aided sample preparation (FASP) was done according to [19] and was followed by dimethyl
labelling. Dimethyl labelling is a method that was proved for accurate milk protein quantification [19,20].
Dimethyl labelling was done according to [20], using C18+ stage tips that were prepared in house
according to [19]. Tryptic digests of individual colostrum and milk serum samples were labelled
with a heavy label (cyanoborohydride with deuterated formaldehyde). Tryptic digests of pooled
colostrum and milk serum samples were labelled with a light label (cyanoborohydride with normal
formaldehyde).

2.4. LC-MS/MS

If not mentioned differently, the technical details are identical to Zhang et al. [15]. Trypsin-digested
and dimethyl-labelled colostrum and milk serum fractions were loaded (18 µL) on a 0.10 × 30 mm
Magic C18AQ 200A 5 µm beads (Michrom Bioresources Inc., Auburn, CA, USA) pre-concentration
column (prepared in house). The maximum column pressure was 270 bar. Pre-concentration was
followed by elution onto a 0.10 × 200 mm Magic C18AQ 200A 3 µm beads analytical column (Michrom
Bioresources Inc., USA). A gradient from 8 to 33% of acetonitrile in water with 0.5% acetic acid was
applied at a flow rate of 0.5 mL/min for 50 min. Post-run column washing was done by increasing
the percentage acetonitrile to 80% (with 20% water and 0.5% acetic acid in the acetonitrile and the
water) in 3 min. The pre-concentration and the analytical column were connected by a P777 Upchurch
micro-cross. A stainless-steel needle that fitted into the waste line of the micro-cross was used for
applying a direct electrospray potential of 3.5 kV to the eluent. Full scan FTMS spectra in LTQ-Orbitrap
XL (Thermo electron, San Jose, CA, USA) were measured in positive mode between an m/z of 380 and
1400. Of the four most abundant multiply charged peaks in the FTMS scan, CID fragmented MS/MS
scans were recorded in a data-dependent mode in the linear trap (MS/MS threshold = 5000).
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2.5. Protein Identification and Quantification

Maxquant 1.3.0.5 with Andromeda search engine [21] was used for analysing all MS/MS spectra
from each run. Carbamidomethylation of cysteines was set as a fixed modification (enzyme = trypsin,
maximally 2 missed cleavages, peptide tolerance 20 ppm, fragment ions tolerance 0.5 amu). Oxidation of
methionine, N-terminal acetylation, and deamidation of asparagine or glutamine were set as variable
modification for both identification and quantification. The bovine reference database for peptide and
protein searches was downloaded as fasta files from Uniprot [22] with reverse sequences generated by
Maxquant. Sequences of 31 common contaminant proteins were added including Trypsin (P00760,
bovine), Trypsin (P00761, porcine), Keratin K22E (P35908, human), Keratin K1C9 (P35527, human),
Keratin K2C1 (P04264, human), and Keratin K1C1 (P35527, human). A maximum of 2 missed cleavages
were allowed, and mass deviation of 0.5 Da was set as a limitation for MS/MS peaks and maximally
6 ppm deviation on the peptide m/z during the main search. The false discovery rate (FDR) was set to
1% on both peptide and protein level. The length of peptides was set to at least 7 amino acids. Finally,
proteins were displayed based on minimally 2 distinct peptides of which at least 1 was unique.

2.6. Statistical Analyses

Protein concentrations were corrected for dilution factors, since all milk serum samples were
diluted to a protein concentration of 10 µg/µL. Differences in protein concentrations between cows
with a 4 or an 8 week dry period were based on dimethyl ratios between individual samples
and the pooled sample. Dry period comparison was done with a two-sample t-test in Perseus
1.3.0.4 [23]. A permutation-based false discovery rate of 0.05 was applied to correct for multiple testing.
As there was 1 pooled sample for SH and 1 for SR, statistical analysis was done separately per breed.
Proteins quantified in less than half of the samples were excluded from statistical analyses. Differences in
milk yield, macronutrient composition, and SCC between cows with either a 4 or an 8 week dry period
were tested using an independent samples t-test in SPSS 22 (IBM SPSS Statistics, Armonk, NY, USA).
This t-test was done within breeds (SH or SR) and sampling moments (colostrum or transition milk).

3. Results

3.1. Colostrum and Milk Composition

Five colostrum samples had SCC > 107 cells/mL, whereas the average SCC of the other samples was
2.5 × 106 cells/mL. The underlying cause of the high SCC is not clear, but it was not dry-period-related,
as these five samples were distributed over all groups: two SR 4 week dry period, one SR 8 week dry
period, one SH 4 week dry period, one SH 8 week dry period. These samples had clearly distinct
proteomes, although the limited sample number per breed (2 or 3) was not appropriate for further
analysis. If not mentioned differently, comparisons between dry periods is done after exclusion of
cows that had SCC > 107 cells/mL in colostrum. Both colostrum and transition milk samples of these
cows were left out. Although these high SCC samples were included in the pooled samples used as
a reference for the dimethyl labelling-based quantification, these samples do not present a problem,
as a structural change in the reference sample will not influence the comparison between individual
samples. Colostrum yields did not differ between cows with a 4 and an 8 week dry period (Table 1).
Colostrum protein percentage of SH with a 4 week dry period (15.5%) was higher than with an 8 week
dry period (11.7%). Lactose content in colostrum of SH with a 4 week dry period (5.2%) was lower
compared with SH with an 8 week dry period (5.5%). SCC in colostrum of SH with a 4 week dry period
(5.0 × 106 cells/mL) was higher compared with SH with an 8 week dry period (1.4 × 106 cells/mL).
Colostrum composition of SR did not differ between cows with either a 4 or an 8 week dry period
(Table 1).
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Table 1. Yield, macronutrient composition, somatic cell count (SCC), and number of quantified proteins
in colostrum and transition milk of individual Swedish Holstein and Swedish Red cows with either
a 4 or an 8 week dry period. Differences between dry period lengths, within breeds, and sampling
moment (colostrum or transition milk) are tested by an independent samples t-test. Values are presented
as means with SEM.

Swedish Red Swedish Holstein

4 Week Dry
N = 4

8 Week Dry
N = 5 SEM 4 Week Dry

N = 5
8 Week Dry

N = 5 SEM

Colostrum Yield (kg/d) 5.5 10.0 2.0 6.2 7.2 1.0
Fat (%) 5.5 5.8 1.1 5.9 10.7 2.3

Protein (%) 15.1 12.6 1.4 15.5 * 11.7 1.0
Lactose (%) 5.3 5.3 0.2 5.2 * 5.5 0.1

SCC (×103 cells/mL) 1 1838 1702 1020 4996 * 1398 1221
Proteins quantified 107 124 8.3 133 119 6.2

Transition milk Yield (kg/d) 15.9 23.8 3.0 26.5 28.5 4.1
Fat (%) 5.4 4.0 1.2 3.0 3.0 0.5

Protein (%) 5.8 5.6 0.2 5.4 5.1 0.2
Lactose (%) 6.4 6.5 0.1 6.7 6.6 0.1

SCC (×103 cells/mL) 1 1292 510 755 2524 997 1529
Proteins quantified 127 123 3.9 143 * 124 6.2

* Value is significantly higher at p < 0.05 within a breed and sampling moment (colostrum or transition milk).
1 t-test based on log-values.

3.2. Proteome of Cows with a 4 or an 8 Week Dry Period

In total, 222 proteins were quantified based on their dimethyl ratios in the current sample set.
The number of quantified proteins was higher in transition milk of SH cows with a 4 week dry period
than with an 8 week dry period (Table 1 and Table S1). Concentrations of 18 proteins were higher
(FDR ≤ 0.05) in the colostrum of cows with a 4 week dry period compared with an 8 week dry period
(Table 2). Upregulated proteins in SR colostrum of 4 week dry cows were 3–58 times more abundant
compared with colostrum of 8 week dry cows (Table 2). Differences in protein concentrations are
visualized in Figure 1.

Colostrum proteomes of SH cows showed numerical differences in the same proteins between
cows with either a 4 or an 8 week dry period (Figure 2). Quantitatively, however, the fold changes
between dry period groups were lower than for SR (Table 2). Hence, no significant changes were
found in the colostrum proteome of SH with either a 4 or an 8 week dry period. Some of the proteins
were not quantified for all samples in SH colostrum (Figure 2). However, replacing missing values by
a minimum value (the lowest detected concentration of a protein) did also not result in significant
differences between cows with a 4 or an 8 week dry period. Colostrum of cows with a 4 week dry period
did not have any proteins with lower abundance compared with an 8 week dry period. In transition
milk samples of SR, 18 proteins were upregulated (FDR = 0.05) in milk of cows that had a 4 week
dry period compared with an 8 week dry period. Of these 18 proteins, 10 were upregulated in their
respective colostrum samples as well (Table 2, Figure 3). In transition milk of SR, the maximum
upregulation was 14-fold (LTF). Like in colostrum, concentrations of individual proteins in transition
milk of SH did not differ between cows with either a 4 or an 8 week dry period.
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ordered manually. The 3 far right columns represent colostrum samples with somatic cell count
(SCC) >107 cells/mL. Grey cells indicate proteins that were not detected in the specific sample.
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Figure 2. Hierarchically clustered dimethyl ratios of Swedish Holstein colostrum proteins (rows) shown
as a heat map. Columns represent individual samples of cows with a 4 or an 8 week dry period, ordered
manually. The 2 far right columns represent colostrum samples with SCC > 107 cells/mL. Grey cells
indicate proteins that were not detected in the specific sample.



Dairy 2020, 1 320

Table 2. Upregulation factors of proteins in either colostrum or transition milk of Swedish Red (SR)
and Swedish Holstein (SH) cows with a 4 week dry period compared with an 8 week dry period.
Values represent the protein concentrations in samples of cows with a 4 week dry period relative to the
concentrations in samples of cows with an 8 week dry period, based on dimethyl ratios. The proteins
that are presented are the proteins that were upregulated (false-discovery rate adjusted p-value = 0.05)
in colostrum of Swedish Reds with a 4 week dry period compared with an 8 week dry period.

Protein Gene
Colostrum Transition Milk

SR
(N = 4 + 5)

SH
(N = 5 + 5)

SR
(N = 4 + 5)

SH
(N = 5 + 5)

Tissue regeneration
Apolipoprotein E APOE 3.4 * 4.0 2.9 1.7

Biglycan BGN 57.7 * ND 3.5 ND
Thrombospondin-1 THBS1 7.9 * ND 1.3 ND

Chitinase-3-like protein 1 CHI3L1 17.7 * 6.1 3.2 * 0.7
Clusterin CLU 8.9 * 2.0 6.4 * 1.0

Host-defence
Cathelicidin-2 CATHL2 6.0 * 7.8 5.1 2.0
Cathelicidin-4 CATHL4 5.1 * 5.1 5.6 2.3

Peptidoglycan recognition protein 1 PGLYRP1 3.4 * 1.6 3.3 4.1
Ribonuclease. RNase A family 4 RNASE4 6.0 * 3.7 1.1 1.0

Mucosal protection
Glycosylation-dependent cell adhesion molecule 1 GLYCAM1 4.0 * 1.3 2.0 * 3.1

Lactotransferrin LTF 39.1 * 12.9 13.5 * 2.1
Osteopontin SPP1 33.7 * 9.6 4.1 * 1.8

Uncharacterized protein WFDC2 7.7 * 5.8 8.7 * 2.8
Transport

Alpha-S1-casein CSN1S1 18.5 * 4.8 3.8 * 1.2
Beta-casein CSN2 6.2 * 1.4 5.2 * 1.1

Complement system
Complement C3 C3 4.3 * 1.7 2.0 * 1.0

Uncharacterized protein CFI 3.4 * 1.6 2.0 * 1.1
Uncharacterized protein LOC513329 15.3 * 10.1 3.2 0.9

* Significantly higher in samples of cows with a 4 week dry period compared with an 8 week dry period (FDR = 0.05).
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Figure 3. Left circle: proteins upregulated in 9 colostrum samples of Swedish Red cows with a 4 week
dry period compared with an 8 week dry period. Right circle: proteins upregulated in transition milk
samples of the same cows with a 4 week dry period compared with an 8 week dry period. Proteins in
the overlapping of the circles are upregulated in both colostrum and transition milk of cows with
a 4 week dry period.
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4. Discussion

The current study shows that applying a dry period of 4 week instead of 8 week resulted in
an upregulation of 18 proteins in colostrum of SR cows. Of the 18 upregulated proteins, 14 clustered
together in a heat map of the quantified SR colostrum proteins (Figure 1, red frame), indicating a similar
response for these proteins in colostrum of the individual cows. Of the proteins upregulated in
colostrum, 10 were also upregulated in transition milk of these cows (Figure 3). However, no proteins
were uniquely upregulated in transition milk, and the level of upregulation was also smaller for
transition milk than colostrum (Table 2). For SH colostrum, no differences in individual protein
concentrations were found between cows with either a 4 or an 8 week dry period. However, in a heat
map of SH colostrum, nine of the proteins that were significantly different in SR colostrum were
clustered together (Figure 2, red frame), even though the differences were insignificant for individual
proteins for SH. These proteins generally had numerically higher intensities in colostrum of SH
with a 4 week dry period than an 8 week dry period, thus were similar to SR. No difference in the
proteome was found in the transition milk samples of SH between cows with a 4 or 8 week dry period.
The absence of dry-period-induced proteome differences in transition milk is another indication that
the colostrum proteome of SH was affected in a milder way by shortening the dry period than the
colostrum proteome of SR (Table 2).

Some of the proteins that were more abundant in colostrum when the dry period was shortened
originate from epithelial cells (GLYCAM1, LTF), whereas others may originate both from epithelial as
well as somatic cells (cathelicidins, SPP1). Due to practical limitations, samples in this study have been
frozen and thawed prior to milk serum preparation, as is commonly done in milk proteomics studies.
Previous work has indicated that freeze-thawing of milk has limited or no influence on milk serum
concentrations of proteins that are described in the current work [24]. In addition, all samples had
undergone the same freeze–thaw cycle. Therefore, freeze-thawing of samples is highly unlikely to
have affected the proteome comparison of cows with a 4 or an 8 week dry period. Moreover, there was
no difference in SCC between SR with a 4 and an 8 week dry period, and no correlations were found
between SCC and proteins such as cathelicidins, after excluding the high SCC cows.

All proteins that were upregulated in colostrum of SR with a 4 week dry period are known to
play a role in immune responses, apart from the caseins. In general, the upregulated proteins can be
divided into a group of antimicrobial proteins (e.g., cathelicidin-2 and -4 (CATHL2 and CATHL4)),
peptidoglycan recognition protein 1 (PGLYRP1 and lactotransferrin (LTF)), and a group of proteins
related to tissue regeneration (ao. apolipoprotein E (APOE), biglycan (BGN) and thrombospondin
(THBS1)). No acute-phase proteins were upregulated in colostrum of SR cows with a short dry period.
This indicates that shortening the dry period induced a preventive rather than an inflammatory
nature of the immune response. Such a preventive immune response may be the result of incomplete
regeneration of the mammary epithelium. Previous work has shown that a dry period of more than
30 days is needed for complete regeneration of the mammary epithelium of dairy cows [11]. It can
be assumed that cows with a 4 week dry period in the current study did not complete an optimal
cycle of tissue regeneration of the mammary epithelium. Based on the study of Capuco et al. [11], it is
expected that cows with a 4 week dry period still have increased cell regeneration in early lactation.
Postpartum changes in protein composition in milk that may reflect mammary epithelial development
have not been reported before. The current work indicates that applying a 4 week dry period may result
in a preventive immune response postpartum, possibly because of unfinished mammary epithelial
cell regeneration.

CATHL2, CATHL4, and PGLYRP1 have direct antimicrobial activity [25] and were more
concentrated in colostrum of SR with a 4 week dry period. Cathelicidin gene expression has been
found in healthy mammary tissue, indicating that it has a role in tissue maintenance [26]. From these
findings, it can be hypothesised that the mammary epithelium of SR cows with a 4 week dry period
undergoes more maintenance activity at parturition than that of SR cows with an 8 week dry period.
Alpha-caseins have been reported to contain antimicrobial peptides encrypted in their sequence [27],
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though upregulation of caseins in milk serum in relation to mastitis is highly variable over different
studies [17,25,28]. Casein-derived peptides used for casein identification in the current study comprise
a major part of the amino acid sequence, indicating that intact caseins and not their breakdown
products were measured. In general, upregulation of antimicrobial proteins in colostrum of cows with
a shortened dry period seems to be a result of a tissue-regeneration-related immune response rather
than an actual infection.

The high colostrum concentration of LTF, compared with other antimicrobial proteins, indicates that
this protein played an important role in the mammary gland of cows with a 4 week dry period. Both in
SH and SR, LTF was upregulated proportionally with SPP1, as was observed in previous work [29].
Both LTF and SPP1 have various functionalities. LTF is known as an antimicrobial protein but
has also been related to cell proliferation [30] and wound healing due to its immune regulatory
properties [31,32]. SPP1 has also been related to immune regulation, wound healing, and mucosal
protection [33]. Both the immune as well as cell-regeneration-related functionality of LTF and SPP1
fit in the hypothesis that shortening the dry period of the cow results in an immune response due to
altered mammary epithelial tissue. These findings indicate that more tissue regeneration happens
after parturition when a shortened dry period is used. The potential involvement of LTF and SPP1
in both immune response and cell regeneration may indicate their key role around parturition in
the mammary gland of cows with a shortened dry period, resulting in high concentrations of these
proteins in colostrum and transition milk. SPP1 has been described to be involved in protection
of the mucosal layer [33], which serves as the first line of defence against bacterial invasion [34].
Glycosylation-dependent cell adhesion molecule 1 (GLYCAM1) is a mucin-like protein that is part
of the mucosal layer [35]. Mucin was not detected, since in milk, it is solely present in the milk fat
globule membrane and not in milk serum, in contrast to GLYCAM1 [36]. The uncharacterised protein
WFDC2 is a protease inhibitor, which in humans has been shown to also protect the mucosal layer [37].
Increased concentrations of GLYCAM1, SPP1, and WFDC2 in colostrum of SR cows with a shortened
dry period, indicating increased mucosal protection, seem to confirm an immune response due to
altered mammary epithelial tissue. This is in line with the upregulation of antimicrobial proteins
described in the previous paragraph. Proteins involved in the protection of the mucosal layer were
still upregulated in transition milk (Figure 3). Proteins with direct antimicrobial properties, on the
other hand, were not upregulated anymore in transition milk (Figure 3). These results indicate that
there may be increased protection of the epithelium when the dry period is shortened, although it
seems that there is no persistent antimicrobial immune response.

SR cows with a 4 week dry period had higher colostrum concentrations of APOE, BGN, and THBS1
(Table 2). These proteins have been described to be involved in cell regeneration. APOE has been
related to accelerated epithelial injury repair and muscle cell regeneration in mice [38,39]. BGN,
of which the concentration in colostrum is strongly affected by dry period reduction, has been
suggested to be involved in cell growth and differentiation [40]. THBS1 had been related to accelerated
re-epithelialisation in wounded corneal epithelia [41]. Mammary involution has been described to be
similar to a wound-healing process [42]. Upregulation of APOE, BGN, and THBS1, but also previously
discussed LTF and SPP1, in colostrum indicate that a more active wound-healing-like process is going
on in the mammary gland around parturition when a 4 week dry period is applied compared with
an 8 week dry period. Wound healing related proteins were not upregulated anymore in transition
milk of cows with a shortened dry period. In transition milk, predominantly epithelial cell renewal
and protection related proteins were upregulated. A comparable phenomenon was found for cows
with a 0 day dry period, which had an increased cell proliferation index compared with cows that had
a 60 day dry period at the second day postpartum [43]. The current study indicated a more pronounced
proteome effect of shortening the dry period for SR than for SH. In previous work, it was indicated
that Holstein or Jersey cows had differences in their milk proteome [44,45]. No detailed reports on
the milk proteome of SR, or on the proteomic response of different breeds towards intervening in the
lactation cycle were found. However, following the hypothesis of increased tissue regeneration of
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cows with a 4 week dry period, it can be suggested that a dual purpose breed (SR) requires more time
to regenerate its mammary epithelium between lactations than a pure milk breed (SH).

5. Conclusions

In conclusion, results from this proteomics study seem to be in agreement with previous findings
that a dry period of 4 week is not sufficient for complete regeneration of the mammary epithelium of
cows. Compared with SR, SH cows showed a milder response towards shortening the dry period in
colostrum and no response in transition milk, leading to the hypothesis that this breed needs less time
for mammary epithelial cell regeneration during the dry period.

Supplementary Materials: The following are available online at http://www.mdpi.com/2624-862X/1/3/21/s1,
Table S1: raw proteomics data.
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