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  ABSTRACT 

  The objective of this work was to determine the ex-
pression pattern of microRNA (miR) associated with 
cellular proliferation, lipid metabolism, and innate 
immunity in dairy cow mammary gland tissue at dif-
ferent stages of lactation. The expression of miR-10a, 
miR-15b, miR-16, miR-21, miR-31, miR-33b, miR-145, 
miR-146b, miR-155, miR-181a, miR-205, miR-221, and 
miR-223 was studied by real-time reverse-transcription 
PCR in tissue (n = 7/stage) harvested via repeated 
biopsies during the dry period (−30 d prepartum), the 
fresh period (7 d postpartum), and early lactation (30 
d postpartum). Except for miR-31, all miR studied in-
creased in expression between the dry and fresh periods. 
Among those upregulated, the expression of miR-221 
increased further at early lactation, suggesting a role 
in the control of endothelial cell proliferation or angio-
genesis, whereas the expression of miR-223 decreased 
at early lactation but to a level that was greater than 
in the dry period, suggesting it could play a role in the 
mammary response to pathogens soon after parturi-
tion. The expression of miR-31, a hormonally regulated 
miR that inhibits cyclin gene expression, was greater 
at early lactation compared with the dry period. From 
a metabolic standpoint, the consistent upregulation of 
miR-33b during early lactation compared with the dry 
period suggests that this miR may exert some control 
over lipogenesis in mammary tissue. Overall, results 
indicate that expression of miR associated with tran-
scriptional regulation of genes across diverse biological 
functions is altered by stage of lactation. The specific 
roles of these miR during lactation will require further 
research. 
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  INTRODUCTION 

  MicroRNA (miR) are small noncoding RNA that 
regulate gene expression posttranscriptionally and 
play a key role in development and specific biological 
processes, such as cell proliferation, differentiation, and 
apoptosis, in several species (Filipowicz et al., 2008). 
Work in the mouse recently revealed that tissues have 
a specific miRNome pattern of expression, that is, a 
full complement of miR (Liu et al., 2004). The human 
breast-specific signature is characterized by the expres-
sion of 23 miR (miR-let-7a-1, miR-let-7b, miR-023a, 
miR-023b, miR-024-2, miR-026a, miR-026b, miR-030b, 
miR-030c, miR-030d, miR-092-1, miR-092-2, miR-100-
1/2, miR-103-1, miR-107, miR-146, miR-191, miR-197, 
miR-205, miR-206, miR-213, miR-214, and miR-221) 
out of 161 studied (Liu et al., 2004), and the mouse 
mammary-specific signature is characterized by the ex-
pression of 9 miR (miR-let-7a, miR-let-7b, miR-let-7c, 
miR- 26a, miR-26b, miR-24-2, miR-145, miR-30b, and 
miR-30d) out of 22 detected (Silveri et al., 2006), sug-
gesting that miR could play a role in mammary gland 
physiology. 

  The mammary gland is unique in its capability to 
undergo cycles of cell proliferation, differentiation, and 
apoptosis during adult life. The complex regulation of 
mammary development has been extensively studied 
over the years at the genetic, physiological, and mor-
phological levels (Anderson et al., 2007). Because of the 
relatively recent recognition of miR as key regulators 
of cellular function, only a few reports have focused on 
the role of miR in normal mammary development. To 
our knowledge, the longitudinal changes in miR expres-
sion profiles during different stages of lactation have 
been evaluated only in the mouse (Silveri et al., 2006). 
Therefore, knowledge of the expression patterns of miR 
in the bovine mammary gland during the transition 
from pregnancy into lactation might provide insight 
into their roles in such functions as regulation of me-
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tabolism, angiogenesis, differentiation and apoptosis, 
and the immune response.

The general hypothesis of the present study was that 
the expression of selected miR associated with cellular 
proliferation, metabolism, and innate immune response 
differs between the dry period and lactation. Further-
more, such patterns of expression may be associated 
with the mRNA expression of metabolic (Bionaz and 
Loor, 2008, 2011), cell proliferation and apoptosis (An-
nen et al., 2008), angiogenesis (Mattmiller et al., 2011), 
apoptosis, and immune or stress-related genes (Aitken 
et al., 2009). Therefore, the main objective of this work 
was to determine the expression pattern of several im-
portant miR in the Holstein cow mammary gland at 
different stages of the lactation cycle (dry period, fresh 
period after calving, and early lactation), and to pro-
vide the basis for selection of candidate miR for more 
detailed functional characterization in the future.

MATERIALS AND METHODS

All procedures involving animals received approval 
from the Institutional Animal Care and Use Committee 
at the University of Illinois, Urbana (protocol 06145). 
The right rear quarter of 7 cows was biopsied at −30 
and 30 d, and the left rear quarter was biopsied at 7 
d. The midsections of the rear quarters were selected 
for the initial biopsy. Subsequently, a different section 
located approximately 5 cm from the original incision 
site of the right quarter was selected for biopsy. Bi-
opsies were conducted at approximately 0700 h (after 
the morning milking). Briefly, after the skin incision 
was made, blunt dissection of the mammary capsule 
was performed to ensure the tissue obtained during the 
biopsy was mammary parenchyma; that is, biopsies 
were performed once the view of the mammary capsule 
was clear such that the tip of the biopsy tool could go 
through the dissected connective tissue. Immediately 
after removal of the biopsy instrument from the cap-
sule, pressure was applied to the wound until visual 
signs of bleeding were absent. The skin incision was 
closed with 4 or 5 Michel clips (11 mm; Henry Schein, 
Melville, NY). The incision site was sprayed with topi-
cal antiseptic (10% Povidone Iodine Ointment; Taro 
Pharmaceuticals, Hawthorne, NY).

Samples were frozen in liquid nitrogen within 30 s 
after tissue dissection. Frozen samples were stored at 
−80°C. Later, mammary gland tissue (100 mg) was 
homogenized in lysis/binding buffer with 1/10 vol of 
homogenate additive (mir-Vana miRNA Isolation Kit, 
AM1561; Applied Biosystems, Foster City, CA) using 
a Tissue-Tearor (BioSpec Products, Bartlesville, OK) 
homogenizer. After prehomogenizing samples at 10,000 

rpm at 4°C for 10 min to remove fat and cell debris, miR 
were extracted from the supernatant according to the 
manufacturer’s protocol (mir-Vana miRNA Isolation 
Kit, AM1561; Applied Biosystems). Ribonucleic acid 
(10 μg) was polyadenylated using Poly(A) polymerase 
according to the manufacturer’s instructions (NCode 
miRNA, First Strand cDNA Module, no. 45-6612; In-
vitrogen, Foster City, CA). Complementary DNA was 
made as follows: 10 μg of polyadenylated RNA was 
reverse-transcribed using Superscript II reverse tran-
scriptase (Invitrogen) with 2.5 μg of random hexamers 
and 500 ng of oligo(dT) adapter primer (Invitrogen), 
according to the manufacturer’s instructions.

The reactions were performed in triplicate as follows: 
5 μL of cDNA were mixed with 5 pmol of both the 
forward (F) and reverse (R) primers in a final volume 
of 12.5 μL and mixed with 12.5 μL of 2× Power SYBR 
Green PCR Master Mix (No. 4367659; Applied Biosys-
tems). All reactions were run using 2 amplification pro-
tocols: 20 s at 94°C, 30 s at 59°C, and 20 s at 72°C for 40 
cycles. The same conditions were performed on an equal 
amount of RNase-free water as a negative control. Prim-
er sequences were as follows: miR-10a-F: ACCCTGTA-
GATCCGAATTTGTG (NR_031364.1); miR-145-F: 
CCAGTTTTCCCAGGAATCCCT (NR_030906.1); 
miR-146b-F: TGAGAACTGAATTCCATAGGC 
(NR_031033.1); miR-155-F: TTAATGCTAATCGT-
GATAGGGG (NR_031030.1); miR-15b-F: TAGCAG-
CACATCATGGTTTACA (NR_031363.1); miR-16-F: 
TAGCAGCACGTAAATATTGGC (NR_030891.1); 
miR-181a-F: ATTCAACGCTGTCGGTGAGTT 
(NR_031081.1); miR-205-F: TCCTTCATTCCAC-
CGGAGTCT (NR_030909.1); miR-21-F: GCTTAT-
CAGACTGATGTTGACT (NR_030880.1); miR-221-F: 
AGCTACATTGTCTGCTGGGTTT (NR_030881.1); 
miR223-F: TGTCAGTTTGTCAAATACCCCA 
(NR_031144.1); miR-31-F: AGGCAAGATGCTG-
GCATAGCT (DQ274883.1); miR-33b-F: GTGCATT-
GCTGTTGCATTG (NR_031207.1); U6 (internal 
control miR)-F: CGCTTCGGCAGCACATATAC; and 
U6-R: TCACGAATTTGCGTGTCAT. We also ana-
lyzed expression of miR-146a, miR-17, and miR-33a; 
they were undetectable under the conditions used and 
will not be discussed further. Real-time quantitative 
PCR with SYBR Green I (Power SYBR Green, PCR 
Master Mix, No. 4367659; Applied Biosystems) was 
performed in an ABI Prism 7900 HT SDS instrument 
(Applied Biosystems), and the data were calculated 
with 7900 HT Sequence Detection Systems software 
(version 2.2.1; Applied Biosystems). The geometric 
mean of 5S (catalog no. AM30302; Applied Biosystems) 
and U6 was used to normalize the expression of target 
miR (Gandellini et al., 2009; Xu et al., 2010).
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Normalized miR expression data were log2-trans-
formed before statistical analysis by using repeated 
measures ANOVA with the MIXED procedure of SAS 
(SAS Institute, Cary, NC) to determine the overall ef-
fect of stage of lactation. The fixed effect considered in 
the model was stage of lactation, and cow represented 
the random effect. Compound symmetry was used as a 
covariate structure for repeated measures. The expres-
sion values and standard errors of the means in Figure 
1 are reported as log2-transformed values. Means were 
accepted as significant at P ≤ 0.07. Differences between 
means at the time points examined were evaluated using 
the PDIFF statement in SAS. The percentage relative 
abundance among each miR analyzed was calculated 
as reported previously to aid in biological interpreta-
tion of the changes observed (Bionaz and Loor, 2008). 
Evaluation of miR target genes in mammary tissue at 
30 d postpartum was conducted via Ingenuity Pathway 
Analysis (Ingenuity Systems Inc., Redwood City, CA) 
using the list of genes reported recently with differential 

expression at 30 versus −30 d relative to parturition 
(Bionaz et al., 2012).

RESULTS AND DISCUSSION

Results indicated that 12 of the 13 miR evaluated had 
lower (P ≤ 0.07) expression in the dry period compared 
with the fresh period and early lactation. The only 
exception was miR-31, whose expression was similar 
in the dry period compared with the fresh period, but 
was greater at early lactation than in the dry period (P 
≤ 0.07). These results differed from those with mice, 
which demonstrated an approximately 2-fold decrease 
in miR expression during lactation and the early stages 
of involution (i.e., 12, 24, and 48 h after pup removal) 
relative to pregnancy (Avril-Sassen et al., 2009). One 
probable reason for these different responses might be 
the existence of inherent species differences, such as 
differences in the relative proportion of secretory epi-
thelium and adipocytes in the cow versus the mouse on 

Figure 1. Expression of microRNA (miR) in mammary gland tissue of Holstein cows (n = 7/stage) during the dry period (−30 d prepar-
tum), fresh period (7 d postpartum), or early lactation (30 d postpartum). Lowercase letters (a–c) denote differences (P ≤ 0.07) between stages 
of lactation.
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a tissue weight basis (Gu et al., 2007; Avril-Sassen et 
al., 2009).

In the context of cattle, the marked upregulation of 
most miR studied coincided with a dramatic change 
in the number of genes with altered expression at −15 
through 30 d compared with −30 d relative to partu-
rition (Bionaz et al., 2012). Bioinformatic analysis of 
those data, particularly responses at 30 compared with 
−30 d, revealed activation of pathways associated with 
metabolism (e.g., lipids, amino acids, carbohydrates), 
cell motility, cell communication, and the immune sys-
tem (Bionaz et al., 2012). In contrast, pathways associ-
ated with gene transcription, cell motility, and growth 
or death were inhibited at 30 d compared with −30 d 
(Bionaz et al., 2012).

It is plausible that upregulation of miR at the onset 
of lactation and through early lactation exerts some 
control over the differential expression of genes associ-
ated with the above-mentioned pathways. For instance, 
the greater expression of miR-31 and miR-33b at early 
lactation compared with the dry period could be as-
sociated with control over the cell cycle, milk ejection 
[OXTR (oxytocin receptor)], and energy metabolism. 
Although they accounted for 0.1 and 1% of the total 
miR evaluated, both have been associated with inhibi-
tion of cyclin gene expression in some cell types (Kuok-
kanen et al., 2010; Cirera-Salinas et al., 2012). Micro-
RNA-31 suppresses prometastatic target genes, includ-
ing ITGA5 (integrin α5), RDX (radixin), and RhoA 
(Ras homolog gene family, member A; Valastyan et al., 
2009, 2011). In addition, through control of CREG1 
(cellular repressor of E1A-stimulated genes 1) expres-
sion (Table 1), miR-31 indirectly promotes cellular 
proliferation and inhibits differentiation (Moolmuang 
and Tainsky, 2011). Prior work with cattle has shown 
that mammary cell proliferation increases, whereas 
apoptosis decreases between the onset of lactation 
through at least 90 d postpartum (Capuco et al., 2001). 
Among the gene targets of miR-31 and miR-33b that 
were differentially expressed in mammary tissue at 30 d 
compared with −30 d relative to parturition (Bionaz et 
al., 2012) are BTN1A1 (butyrophilin subfamily 1 mem-
ber A1), GPAM (glycerol-3-phosphate acyltransferase 
1, mitochondrial), and PRKAA2 (5 -AMP-activated 
protein kinase catalytic subunit α-2; Table 1), which 
are involved in milk fat synthesis and intracellular en-
ergy metabolism (Bionaz and Loor, 2008; Bionaz et al., 
2012), and also SLC39A8 (solute carrier family 39, zinc 
transporter, member 8) and HLA-A (human leukocyte 
antigen A), which are associated with immune respons-
es (e.g., Zn2+ import in response to inflammation).

In addition to a role in cell cycle control, the consis-
tent upregulation of miR-33b during the fresh period 
and early lactation versus the dry period in the current 

study suggests that this miR could exert some control 
over lipid metabolism in mammary tissue. The sterol-
responsive element binding factor 1 (SREBF1), a 
lipogenic transcription regulator in rodents, contains a 
binding region for miR-33b, and it has been proposed 
that activation (i.e., transcription splicing) of miR-33b 
could enhance the abundance of SREBF1, leading to 
increased lipogenesis while at the same time inhibiting 
FA degradation (Rottiers and Naar, 2012). Additional 
work has revealed a role for miR-33a/b in the regu-
lation of insulin signaling (Dávalos et al., 2011). We 
have shown previously that expression of SREBF1, 
SREBF2, and several components of the insulin signal-
ing pathway is upregulated in bovine mammary tissue 
during lactation compared with the dry period (Bionaz 
and Loor, 2008, 2011). However, the fact that the rela-
tive percentage of abundance of miR-33b was 0.1% of 
total miR studied could be taken as indication of the 
lack of a mechanistic role in lactating mammary tissue. 
Because of the importance of milk fat and protein from 
a nutritional standpoint, additional work on miR-33b 
regulation seems warranted.

No difference (P > 0.07) in expression was observed 
between the fresh period and early lactation of miR-
10a, miR-145, miR-146b, miR-155, miR-15b, miR-16, 
miR-181a, miR-205, miR-21, miR-31, and miR-33b. 
From a molecular standpoint, it could be possible that 
the sustained expression of these miR is linked with the 
control of mRNA expression during the stages before 
peak lactation (Bionaz et al., 2012). The period be-
tween calving to approximately 30 d postpartum is as-
sociated with an increase in total tissue RNA (Capuco 
et al., 2001; Bionaz and Loor, 2007) but a progressive 
decline in the number of genes with altered expression 
relative to earlier stages of lactation, including the 
dry period (Bionaz et al., 2012). Other data showed 
a greater proportion of mammary epithelial tissue at 
90 d compared with 14 d postpartum, which coincided 
with greater milk yield, lower apoptosis, and greater 
cell proliferation (Capuco et al., 2001). Thus, some of 
these miR might be associated with pathways of cell 
proliferation, apoptosis, or both.

The marked upregulation of miR-21 at 30 d com-
pared with −30 d coupled with its high abundance 
(16% of total miR) and its control over JAG1 (jag-
ged 1) and PTEN [phosphatase and tensin homolog, 
a negative regulator of v-myc myelocytomatosis viral 
oncogene homolog (AKT) signaling; Table 1] suggest 
a mechanistic role of this miR in promoting mammary 
cell proliferation during early lactation (Capuco et al., 
2001). Previous work demonstrated that downregula-
tion of JAG1 inhibited cell growth and migration but 
induced apoptosis mediated in part by inactivation of 
the kinase and mammalian target of rapamycin signal-
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ing (Wang et al., 2010). We have previously demon-
strated differential expression of AKT1 (v-akt murine 
thymoma viral oncogene homolog 1) and mammalian 
target of rapamycin signaling pathway genes in the 
mammary gland during the lactation cycle (Bionaz and 
Loor, 2011); thus, the existence of a mechanistic link 
with JAG1 and miR-21 is likely.

In murine smooth muscle cells, the upregulation of 
miR-10a is necessary for differentiation (Huang et al., 
2010). This miR is highly conserved, and its localiza-
tion in the vicinity of the HOX (homeobox) gene cluster 
suggests it plays an important role in cellular develop-
ment (Tehler et al., 2011), including that of mammary 
cells. Evidence exists that activation of NFκB (nuclear 
factor κ light-chain enhancer of activated B cells) via 
p65 regulates miR-10a expression through direct bind-
ing to the miR promoter (Tehler et al., 2011), and we 
observed that expression of the miR-10a targets NF1 
(neurofibromin 1) and TNF (tumor necrosis factor; 

Table 1) was upregulated at 30 d postpartum, which 
suggests that this miR might exert some control over 
apoptosis and inflammation at peak lactation.

Our analysis revealed that ESR1 (estrogen receptor 
α) is a target of miR-145 (Table 1) in bovine mammary 
tissue, suggesting that the network of ESR1, MYC (v-
myc myelocytomatosis viral oncogene homolog), and 
TP53 (tumor protein 53), which is involved in mam-
mary cell proliferation (Connor et al., 2007), might 
be controlled by miR upregulation. MicroRNA-145 
suppressed cell proliferation, migration, and invasion 
in prostate cancer cells by targeting the actin-binding 
protein FSCN1 (fascin homolog 1, actin-bundling pro-
tein; Fuse et al., 2011). However, overexpression of this 
miR enhanced cellular motility.

MicroRNA-146b, miR-155, miR-15b, miR-16, and 
miR-181a (Tili et al., 2008) as well as miR-21 and miR-
205 (Kimura et al., 2010; Markou et al., 2008) are all 
involved in the innate and adaptive immune response, 

Table 1. MicroRNA (miR) studied and their target gene expression in mammary tissue from cows at 30 d postpartum1 

miR
Abundance2  

(%)

Fold-change  
30 versus  
−30 d3

Target gene or miR4

Upregulated Downregulated

miR-10a 4.3 34 NF1, SLC30A4, PRKAA2, SMTNL2, 
ATP2B4, TNF

COL24A1, CBS

miR-15b/miR-16 31/28 23/232 CCND1, MYB, HMGA1, CDK6, 
ELAVL1, MCL1, LPHN2, GPAM, KCNK5, 
CHRNA5, DNASE1L1, SLC30A4, XDH, 
SH3BGRL2, CBX2, BTN1A1, PDK4, PMP22, 
INSR, PEX12, CREG1, PPL, FABP4, TNF

CCND1, COL24A1, GAPDH

miR-21 16 421 JAG1, ICAM1, IL12A PTEN
miR-31 1 12 BTN1A1, HLA-A, NSFL1C, SH3BGRL2, 

PRKAA2, UNC45A, CREG1, NCALD, 
MYF5

 

miR-33b 0.1 13 SLC39A8, KCNK5, SLC1A1, GPAM, 
OXTR, PRKAA2, SLC31A2, miR-515

TRPS1, FAT2

miR-145 7.5 84 ESR1 CDCA5, CDK6, DDX17, TP53
miR-146b 2.9 35 FADD, ELF2, DNAJC12, ABCG2, 

LALBA, SLC1A1, PRKAA2, JAG1, 
GNRHR, KCNK5, CNTNAP2, F5

CDCA5, APOA2, TNFRSF10A, 
C5orf13

miR-155 1.1 59 TNF, BCL2, JARID2, MAF, INPP5D  
miR-181a 0.9 84 MCL1, BCL2L11, PTPN11, KDELR3, 

SPP1, CNTNAP2, PRKAA2, GPAM, 
CXCL2, OXTR, F5, UBAC2, NCALD, 
TNF, ATP6V1G1, INSR, CSN2, TLN1, GAB2

GTPBP3, CKAP2, GAPDH, 
BCL2, ERBB3

miR-205 5.5 25 CBFA2T3, TLN1, ARL4D, GAB2, 
KDELR3, GPAM, INSR, NSFL1C

COL24A1, ERBB3, TRPS1

miR-221 0.7 45 SH3BGRL, SUN2, PRKAA2, SLC39A8, 
GPAM, 
INSR, CSN2, FABP4, SLC34A2, GAB2

STAT5A, FAT2, TRPS1, KIT

miR-223 0.2 13 E2F1, LTA4H, TRAF3IP3, TNF, OXTR, 
C11orf73, PRL, SLC39A8, INSR

 

1Target genes are a subset of differentially expressed genes with 2-fold up- or downregulation at 30 versus −30 d relative to parturition. Molecules 
in bold denote direct targets of the miR, which in turn regulate expression of other targets listed. Bold and underlined molecules are direct 
targets with upregulated and downregulated expression by 2-fold or greater.
2Percentage relative abundance among the miR measured in this study.
3Relative change in miR expression observed in this study.
4Determined using Ingenuity Pathway Analysis (Ingenuity Systems Inc., Redwood City, CA) and the list of differentially expressed genes with 
2-fold upregulation and 2-fold downregulation at 30 versus −30 d relative to parturition in the study of Bionaz et al. (2012).
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cell differentiation, and apoptosis in several cell types. 
Some of the target genes of these miR with marked 
upregulation in mammary tissue at 30 d postpartum 
(Table 1) included FADD (Fas-associated protein with 
death domain), TRAF6 (TNF receptor associated fac-
tor 6), TNF, BCL2 (B-cell lymphoma 2), and CXCL2 
[chemokine (C-X-C motif) ligand 2], which play roles in 
the above biological processes.

Although, it is well established that morphological 
and transcriptional changes occur in the mammary 
glands of ruminants (Bionaz et al., 2012) and rodents 
(Anderson et al., 2007; Stein et al., 2007) during the 
transition between the different stages of lactation 
(i.e., virgin, pregnancy, lactation, and involution), 
prior work with the mouse indicated downregulation 
or little change in expression of miR-10a, miR-15b, 
miR-16, miR-21, miR-31, miR-145, and miR-33 but up-
regulation of miR-181a and miR-146b during lactation 
compared with gestation (Avril-Sassen et al., 2009). 
Clearly, those discrepancies must be related to species-
specific functions of the miR; for example, cattle have 
been selected for sustained milk production. Together, 
these results suggest that these miR might have no 
direct implications for those lactation stages in the 
normal mammary gland. It could be speculated that 
the marked upregulation of the above-mentioned miR 
in bovine mammary tissue during lactation is function-
ally related to the changes in gene expression observed 
at peak lactation, which appear to encompass overall 
activation of signal transduction, cell communication, 
and the immune system (Bionaz et al., 2012).

The expression of miR-221 in early lactation was 
lower than that in peak lactation (P ≤ 0.07), and the 
reverse was true for miR-223. Unlike other miR stud-
ied, expression of miR-221 or miR-223 has not been 
reported previously in the context of lactation, and 
these miR accounted for 0.7 and 0.2% of the total miR 
analyzed (Table 1). MicroRNA-221 plays a role in cell 
growth and cell cycle progression by targeting p27 and 
p57 (Zhang et al., 2010), and 3 of its targets in mam-
mary tissue are STAT5A (signal transducer and activa-
tor of transcription 5A), INSIG1 (insulin-induced gene 
1), and PPARGC1A (peroxisome proliferator-activated 
receptor γ coactivator 1-α), which are associated with 
insulin signaling, lipogenesis, and mitochondrial bio-
genesis during lactation (Bionaz and Loor, 2008, 2011). 
MicroRNA-223 is upregulated by the transcription re-
pressor TWIST1 (twist homolog 1; Li et al., 2011) and 
is a potent suppressor of cell proliferation in noncan-
cerous cells (Jia et al., 2011). Increased expression of 
miR-221 has been observed in several human cancers, 
supporting its function as an oncogene (Galardi et al., 
2007; Gillies and Lorimer, 2007). It could be possible 
that the greater relative abundance of miR-221 com-

pared with miR-223 and its greater fold change at 7 
and 30 compared with −30 d (45-fold compared with 
13-fold) is part of the control mechanism driving mam-
mary cell proliferation during early lactation (Capuco 
et al., 2001).

In summary, we demonstrated upregulation of miR 
between late pregnancy, the fresh period, and early 
lactation, suggesting coregulation of these molecules as 
a mechanism to control gene expression in the mam-
mary gland. Several metabolism-, cell proliferation-, 
apoptosis-, and immune response-associated genes were 
found to be potential targets of the miR studied. The 
exact mechanisms and functional consequences of miR 
regulation of mammary cell physiology during lactation 
warrant further investigation.
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