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Figure 2 Average fold change in αS1-casein mRNA level relative to lactating (Lact.) (a) and average percentage
of chromosomes methylated at the CpG dinucleotide within the STAT5 binding site of the distal αS1-casein
promoter in mammary alveolar tissue (b) with seven or 28 days of non-milking (7-, 28-d NM) and with seven day
re-milking following seven or 28 days non-milking (7-d, 28-d NM-RM). Error bars indicate the standard error of the
mean with significance relative to the lactating cows (* P < 0.05, **P < 0.01; (a) ANOVA, (b) t-test). 
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Results and discussion 

The αS1-casein mRNA level in mammary alveolar 
tissue decreased 42- and 6.5-fold following seven and 
28 days of non-milking (P < 0.05; Fig. 2a), 
respectively, relative to lactating cows. This agrees 
with the decrease in milk protein gene expression 
previously observed with induced involution (Singh 
et al. 2008). In contrast to the seven day non-milked 
groups, there was a large degree of variability in 
levels of αS1-casein mRNA in the 28 day non-milked 
group, with some cows still demonstrating a high 
level of αS1-casein mRNA following extended non-
milking. This suggests that involution of the bovine 
mammary gland occurs at different rates between 
cows supporting earlier findings that demonstrated 
variability in milk protein gene expression between 
cows with extended periods of non-milking 
(Molenaar et al. 2004). Methylation of the CpG 
dinucleotide within the STAT5 binding site of the 
distal αS1-casein promoter increased (P < 0.05) from 
29% in alveolar tissue of lactating cows to 40% and 

41% with seven and 28 day non-milking, respectively 
(Fig. 2b). This negative association between 
methylation and αS1-casein gene expression has been 
previously described for other CpG dinucleotides 
within this promoter (Vanselow et al. 2006; Singh et 
al. 2009). Although the percentage of methylated 
chromosomes following seven and 28 day non-
milking were increased compared to lactation, the 
values were still low compared with liver from a 
lactating cow where 72% of the chromosomes were 
methylated at this CpG site (S Pryor, Unpublished 
data). As involution progresses it would be expected 
that the level of methylation in the alveolar tissue 
would approach that of liver, which does not express 
αS1-casein (Johnson et al. 1983). 
 A milk yield recovery of 91% was observed 
with seven days of re-milking following seven days 
of non-milking, compared with 29% recovery after 
28 days of non-milking (Singh et al. 2012). 
Moreover, re-milking resulted in the αS1-casein 
mRNA levels returning to that of lactating cows after 
the seven day non-milking period; however, after 
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28 days of non-milking the levels remained two fold 
lower than that of lactating cows (Fig. 2a). These 
results suggest that involution is more readily 
reversible after seven than 28 days of non-milking, 
supporting an earlier study where 25% of 
mammary epithelial cells retained secretory 
activity after seven days of non-milking, in 
contrast to 25 days of non-milking where no 
secretory activity was noted (Capuco et al. 1997). 
 Despite the increase in αS1-casein mRNA levels 
with re-milking compared to non-milking (Fig. 2a), 
the percentage of chromosomes methylated at the 
CpG dinucleotide within the STAT5 binding site 
were not reversible (Fig.2b). That is, the methylation 
levels remained higher than lactating samples and 
similar to non-milked groups following re-milking 
(Fig. 2b). As DNA methylation increased with non-
milking, a decrease in methylation may have been 
expected with the recovery of αS1-casein mRNA 
level. Although controversy exists over the concept 
of active CpG demethylation (Ooi & Bestor 2008), a 
dynamic role for methylation/demethylation has been 
reported for gene promoters in human cells (Metivier 
et al. 2008). In the present study the level of 
methylation obtained with seven and 28 days non-
milking may not have been sufficient to observe 
reversibility in methylation levels with re-milking. 
Moreover, the interaction of DNA methylation with 
potentially more dynamic histone modification may 
play a role in regulating αS1-casein gene 
transcription. Future research will focus on the 
involvement of histone modifications with the onset 
of involution, in addition to the methylation of other 
CpG sites located around the distal promoter region 
of αS1-casein. 
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