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ABSTRACT. Interkeukin-8 (IL-8) is an important inflammatory 
mediator. It is an angiogenic factor associated with inflammation and 
carcinogenesis. To date, research on IL-8 has been limited to its role as 
an indicator of inflammation. There has been no systematic research 
concerning IL-8 expression levels in the mouse mammary gland 
during pregnancy and lactation. Mouse mammary gland samples were 
collected on days 1, 6, 12, 18 of pregnancy and of lactation (6 mice 
per group). The expression levels of IL-8 mRNA were measured by 
semi-quantitative RT-PCR, with GAPDH as an internal control. IL-8 
mRNA was highly expressed on day 1 of pregnancy in the mouse 
mammary glands (IL-8IOD/GAPDHIOD = 1.68), and then suddenly 
declined; it reached 0.74 and 0.71 on days 6 and 12 of pregnancy. 
On day 18 of pregnancy, it started to increase (IL-8IOD/GAPDHIOD 
= 1.02). However, the expression levels of IL-8 mRNA were not 
significant during pregnancy. During lactation, IL-8 expression level 
was lower than during pregnancy, but it stabilized at 0.32-0.41 (IL-
8IOD/GAPDHIOD) from day 1 to day 18 of lactation, although the 
difference was not significant. We suggest that the changes in IL-8 
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expression level during development is related to its regulatory role 
in mouse mammary gland immunity. 
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INTRODUCTION

Cytokines are produced by leukocytes in response to exposure to bacterial toxins or 
inflammatory mediators (Dinarello, 1989). Cytokines are multifunctional proteins and glyco-
proteins that act as intercellular regulatory factors at both local and systemic levels. Chemo-
kines are members of a superfamily of chemotactic cytokines that function as potent chemoat-
tractants for various cell types in the immune system. Four subclasses of chemokines can be 
classified according to the location of the first two cysteines in their sequence: CC, CXC, C, 
and CX3C (in which X stands for any amino acid) (Kaplan, 2001). Some chemokines are ex-
pressed constitutively by many cell types in a tissue-specific manner. The expression of other 
chemokines is induced only under specific conditions, typically in response to inflammatory 
signals (Hallgren and Gurish, 2011). 

Interkeukin-8 (IL-8) is an important inflammatory mediator belonging to the CXC 
subfamily of chemokines. It acts as both a cytokine and a chemokine by recruiting neu-
trophils to sites of infection and activating them to eliminate pathogens via phagocytosis 
(Taub and Oppenheim, 1994; Ben-Baruch et al., 1995). IL-8 is produced by monocytes and 
macrophages as well as by most tissues (Baggiolini et al., 1994). IL-8 is induced by a num-
ber of stimuli, including pro-inflammatory cytokines (Hoffmann et al., 2002). However, 
IL-8 has biological functions distinct from its role in regulating inflammatory responses. 
IL-8 is an angiogenic factor associated with inflammation and carcinogenesis, and previous 
reports have documented elevated urinary protein levels of IL-8 in subjects with urothelial 
cell carcinoma (Sheryka et al., 2003; Koçak et al., 2004; Sagnak et al., 2009). In biological 
studies, IL-8 has been shown to have mitogenic and angiogenic properties, and high levels 
result in increased tumorigenicity, progression, and metastasis in mouse models (Baggio-
lini, 2001). In addition, IL-8 is associated with insulin resistance and obesity (Bek et al., 
2002; Bruun et al., 2003).

Mammary gland immunity, defined as the protection and resistance to infectious dis-
ease, is facilitated through a variety of immunological and nonimmunological factors. Al-
though both factors interact extensively to provide adequate protection against mastitis, the 
magnitude, duration, and effectiveness of mammary gland immunity are influenced greatly 
by particular etiological agents (Sordillo and Streicher, 2002). Since 1990, the study of these 
agents has extended to cytokines and their potential roles in the pathophysiology and control 
of mastitis. Moreover, recombinant cytokines have been produced to explore their immuno-
modulatory and therapeutic uses for disease control (Sabroe et al., 2002). To date, research on 
IL-8 has been limited simply to its role as an indicator of inflammatory. No systematic research 
of IL-8 expression levels in mouse mammary glands during pregnancy and lactation has been 
undertaken. We used mouse mammary glands to determine the expression of IL-8 messenger 
RNA (mRNA) throughout the developmental cycle of the mammary gland and to elucidate the 
impact and mechanism of IL-8 in mammary gland immunity during pregnancy and lactation 
with semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR).
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MATERIAL AND METHODS 

Animals and treatment

Eight-week-old Kunming mice were obtained from the Centre for Laboratory Animals 
of Henan Province. Animals were maintained in group cages under controlled temperature (25° 
± 1°C) and on a 12-h light-dark cycle), with ad libitum access to food and water. At 10 weeks, 
females were mated. Pregnant animals were monitored daily to define the day of lactation. At 
postpartum, a minimum of 6 pups per suckling female were ensured by cross fostering where 
appropriate. Lactating mammary glands were monitored daily for signs of localized inflamma-
tion or mastitis. All procedures were approved by the Local Animal Ethics Committee. 

Harvesting mammary glands

Eight stages of adult mouse developmental mammary glands were selected for this study: 
days 1 (P1), 6 (P6), 12 (P12), and 18 (P18) of pregnancy (in which day 1 was the first day post-co-
itum), and days 1 (L1), 6 (L6), 12 (L12), and 18 (L18) of lactation (in which day 1 was the second 
day postpartum). All mammary glands were harvested between 1100 and 1300 to limit circadian 
effects. A total of six animals were used per time point. In each case, a single abdominal gland was 
removed following the excision of lymph nodes and immediately frozen in liquid nitrogen. 

RNA extraction and reverse transcription

Total RNA was extracted from the mouse mammary glands with a TRIzol reagent 
kit (Invitrogen Inc., Carlsbad, CA, USA) and used to determine IL-8 mRNA expression with 
RT-PCR. All extracted RNA samples were dissolved in RNase-free water. The purity of the 
dissolved RNA was assessed using an A260/A280 nm ratio measured with an ultraviolet/visible 
spectrophotometer (Nanodrop 2000/2000C, USA). The integrity of the RNA was determined 
via denaturing agarose gel electrophoresis. Total RNA was extracted following a conventional 
protocol and dissolved in 20 µL RNase-free water.

RNA was reverse transcribed with a reaction mixture containing 6.5 µL diethylpyro-
carbonate-H2O, 4 µL 5X buffer, 4 µL 2.5 mM deoxyribonucleotide triphosphates, 1 µL 50 pM 
Oligo(dT)18, 2 µL 5 U/µL AMV, 0.5 µL 40 U/µL RNase inhibitor, and 2 µL RNA. The total 
reaction volume was 20 µL. After gentle mixing, the solution was incubated for 60 min at 
42°C and then for 15 min at 72°C, followed by 2 min in an ice bath. Two controls were includ-
ed in the RT reaction: one prepared using all reagents except the RNA sample, for which an 
equivalent volume of water was substituted, and the other prepared using all reagents except 
RT. The controls underwent PCR procedures identical to those of the experimental samples. 
The complementary DNA product was stored at -20°C. 

RT-PCR

The primers used for amplification of IL-8 mRNA were determined using Primer 
PremierTM Version 5.0 (Premier Biosoft International, Canada) and checked with the Basic 
Local Alignment Search Tool. All of the primers, including those for the glyceraldehyde-
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3-phosphate dehydrogenase (GAPDH) gene as an internal reference, were synthesized 
by Shanghai Sango Biological Engineering Technology & Services Co. Ltd. (China). 
Electrophoresis on 1.2% (w/v) agarose gels was conducted to determine the quality and 
integrity of the primers. The sequence of primers and product sizes were as follows: IL-8, 
sense 5ꞌ-cacctcaagaacatccagagct-3ꞌ, antisense 5ꞌ-caagcag aactgaactaccatcg-3ꞌ, product 356 bp; 
GAPDH, sense 5ꞌ-tgcaccaccaactgcttag-3ꞌ, antisense 5ꞌ-gatgcagggatgatgttc-3ꞌ, product 175 bp. 

The complementary DNAs obtained were further amplified using PCR in a 25-µL 
mixture consisting of 1 µL RT reaction solution, 12.5 µL 2X Master mix (Shanghai Wonhon 
Biotechnology Company), 1 µL 20 pM forward primer, 1 µL 20 pM reverse primer, and 9.5 µL 
sterilized H2O. The reaction substrates were mixed by gently flicking the bottom of each tube. 
PCR amplification was carried out for 35 cycles (95°C for 30 s; 53.6°C for 30 s; 72°C for 30 
s) for GAPDH and 35 cycles (95°C for 30 s; 55.6°C for 30 s; 72°C for 30 s) for IL-8. Reac-
tions were completed with a final extension at 72°C for 10 min. For each 5-µL sample, PCR 
amplification products were mixed gently with 3 µL fluorochrome, protected from light for 
10 min, and then visualized on 1.2% agarose gel with a MultiImage Light System (Shanghai 
Tianneng Biotechnology Company).

Statistical analyses

All results are reported as means ± standard deviation and analyzed with SPSS (ver-
sion 13.0, IBM). Differences between group data were analyzed using the Student-Newman-
Keuls post hoc test of one-way analysis of variance, and differences between groups were 
evaluated using the paired-sample t-test. Significance was set at P < 0.05 and P < 0.01, respec-
tively, in two-tailed testing.

RESULTS 

Gel electrophoresis showing the RT-PCR of IL-8 in mouse mammary glands indicated 
that a single-PCR product of approximately 356 bp was obtained in all samples (Figures 1 and 
2). The relative expression levels of IL-8 mRNA in mouse mammary glands during pregnancy 
and lactation are shown in Tables 1 and 2 and Figures 3 and 4.

Figure 1. Gel electrophoresis of RT-PCR products in mouse mammary gland during pregnancy. Lane M = molecular 
marker; lanes 1 to 6 = P1; lanes 7 to 12 = P6; lanes 13 to 18 = P12; lanes 19 to 24 = P18. P1, P6, P12, and P18 = 
days 1, 6, 12, and 18 of pregnacy, respectively.
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Figure 2. Gel electrophoresis of RT-PCR products in mouse mammary gland during lactation. Lane M = molecular 
marker; lanes 1 to 6 = L1; lanes 7 to 12 = L6; lanes 13 to 18 = L12; lanes 19 to 24 = L18. L1, L6, L12, and L18 = 
days 1, 6, 12, and 18 of lactation, respectively.

Group  No. of samples IL-8/GAPDH (IOD)

P1 6 1.68 ± 0.3a

P6 6   0.74 ± 0.24b

P12 6   0.71 ± 0.32b

P18 6   1.02 ± 0.26b

Group  No. of samples IL-8/GAPDH (IOD)

L1 6 0.39 ± 0.09
L6 6 0.47 ± 0.28
L12 6 0.32 ± 0.17
L18 6 0.41 ± 0.16

Table 1. Expression level of IL-8 mRNA relative to GAPDH in mouse mammary gland during pregnancy.

Table 2. Expression level of IL-8 mRNA relative to GAPDH in mouse mammary gland during lactation.

Figure 3. Expression levels of IL-8 mRNA relative to GAPDH in mouse mammary gland during pregnancy. P1, 
P6, P12, and P18 = days 1, 6, 12, and 18 of pregnacy, respectively.

P1, P6, P12, and P18 = days 1, 6, 12, and 18 of pregnacy, respectively; IOD = internal optical density. Data in the 
same column with different superscript letters mean significant differences (P < 0.05).

L1, L6, L12, and L18 = days 1, 6, 12, and 18 of lactation, respectively; IOD = internal optical density.
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IL-8 mRNA was highly expressed on day 1 of pregnancy (IL-8IOD/GAPDHIOD = 1.68) 
and then suddenly declined, became significant (P < 0.05), and reached 0.74 and 0.71 on 
days 6 and 12, respectively. On day 18 of pregnancy, expression started to increase (IL-8IOD/
GAPDHIOD = 1.02); however, IL-8 expression levels were not significant (P > 0.05) during 
days 6, 12 and 18 of pregnancy. During lactation, IL-8 expression levels were lower than those 
during pregnancy but it stabilized at 0.32-0.41 (IL-8IOD/GAPDHIOD) from days 1 to 18; the 
difference was not significant (P > 0.05). 

DISCUSSION

Recombinant cytokines have been produced to explore their immunomodulatory and 
therapeutic uses for disease control (Sabroe et al., 2002). IL-8 is an important inflammatory 
mediator that acts as both a cytokine and a chemokine by recruiting neutrophils to sites of infec-
tion and activating them to eliminate pathogens via phagocytosis (Taub and Oppenheim, 1994; 
Ben-Baruch et al., 1995). However, IL-8 has biological functions in addition to and distinct 
from its roles in regulating inflammatory responses. IL-8 has recently been suggested to be 
closely related to the tumorigenesis, angiogenesis, adhesion, invasion, and metastasis of cancer 
(Kitadai et al., 1999; Matsuo et al., 2009; Song et al., 2010; Ning et al., 2011; Ju et al., 2012).

IL-8 as marker of peri-implant disease (mucositis and peri-implantitis) has been investi-
gated (Liskmann et al., 2006). Zuccari et al. (2012) have investigated the correlation between IL-8 
expression and breast cancer prognosis. The results were statistically correlated with clinicopatho-
logical findings. The data reflect the complexity of the role of IL-8 in the tumor microenvironment 
and support its classification as a possible prognostic marker. IL-8 may be a better indicator of 
mammary inflammation than of sodium content (Hunt et al., 2012). The content of IL-8 has been 
quantified to evaluate the effect of temperature on bioactive factors in milk (Ramírez-Santana et 

Figure 4. Expression levels of IL-8 mRNA relative to GAPDH in mouse mammary gland during lactation. L1, L6, 
L12, and L18 = days 1, 6, 12, and 18 of lactation, respectively.
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al., 2012). The mRNA expression of the IL-8 gene in primary bovine mammary epithelial cells as 
a marker of inflammation has been quantified to evaluate the antibiotic role of a newly developed, 
engineered multidomain peptide in promoting innate immune responses (Zhu et al., 2012). 

IL-8 as an apoptotic, inflammatory, and angiogenic index was measured in patients 
with breast cancer. Increased IL-8 coincides with the activation of physiologic regulatory 
mechanisms that attempt to stop tumor cells by inducing apoptosis. The outcompeting of these 
mechanisms results in tumor progression, as IL-8 is also an angiogenic stimulator (Hamed et 
al., 2012). Meade et al. (2012) have found that genetic variation in the bovine IL-8 promoter 
has significant functional implications for IL-8 expression in vitro, which may impact suscep-
tibility to bovine infectious disease and inflammation. However, IL-8 expression, regulation, 
and function are poorly understood.

We found that IL-8 mRNA was highly expressed in mouse mammary glands on day 
1 of pregnancy and then suddenly declined, became significant, and reached similar levels 
on days 6 and 12. On day 18 of pregnancy, it started to increase but remained lower than the 
level measured on day 1. IL-8 expressions was not significant during days 6, 12 and 18 of 
pregnancy. During lactation, IL-8 expression was lower than that during pregnancy but stabi-
lized at 0.32-0.41 from days 1 to 18; the difference was not significant. In mammary biopsies, 
increased mRNA expression of IL-8 has been observed in lipopolysaccharide-treated quarters 
in all groups (Vernay et al., 2012). IL-8 serum levels have been determined and correlated 
with the clinicopathological features and clinical evolution of mammary gland neoplasias in 
female dogs. High IL-8 concentration has been found in mammary gland cancer patients with 
advanced-stage disease, and Gelaleti et al. (2012) have suggested that IL-8 can be used as a 
non-invasive prognostic marker for mammary gland cancer and is useful for the prediction of 
disease progression and recurrence in dogs with mammary neoplasias. 

We found that IL-8 mRNA was expressed throughout pregnancy and lactation, with 
a marked decrease in expression during pregnancy. During lactation, IL-8 mRNA levels were 
lower than those during pregnancy, but they stabilized. These sequential changes suggest that 
IL-8 may act as a cytokine and a chemokine by recruiting neutrophils to mammary glands 
and activating them to eliminate pathogens via phagocytosis during developmental stages. If 
this function occurs, it will help us to understand better the mechanisms for the known effect 
of cytokines on peripubertal mammogenesis. Our results suggest that the variation of IL-8 
expression levels during developmental stages may be related to the regulatory role of IL-8 in 
mouse mammary gland immunity.
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