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Abstract

An interaction between the conceptus and the immune system of animals is important 
during implantation. The aim of this study was to clarify the gene expression of T cell subsets 
in gravid cows during the preimplantation period. Peripheral blood from 14 Holstein dairy 
cows was taken 14 days after artificial insemination. Based on the gravidity, cows were 
divided into gravid (n = 8) and nongravid (n = 6) groups. Mononuclear cells from peripheral 
blood were stimulated with phytohaemagglutinin and then CD4+, CD8+, and WC1+ γδ T cell 
subsets were isolated using magnetic cell sorting. The expression of interferon γ, interleukin 
4, and progesterone induced blocking factor were determined using real-time PCR. The 
expression of interleukin 4 and progesterone induced blocking factor was significantly higher 
in WC1+ γδ T cells from gravid cows. In addition, interleukin 4 expression in WC1+ γδ T cells 
from gravid cows was significantly higher than that in CD4+ and CD8+ T cells. This study 
describes for the first time the important role of WC1+ γδ T cells during the preimplantation 
period in cows.
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Interaction between the conceptus and the immune system of animals is important 
during implantation in cows (Hansen 1995). T cells play a central role in the immune 
response. T cell subsets, CD4+ (helper), CD8+ (cytotoxic) αβ T cells, and WC1+ γδ T 
cells have different functions in the immune system (Tanaka et al. 2008). The gravidity 
requires maternal immunological adjustments. Previous studies have reported that the 
percentage of γδ T cells in peripheral blood of women in the first trimester of gravidity 
was higher compared to that of nonpregnant women (Polgar  et al. 1999). Oliveira  et 
al. (2008) reported that bovine gravidity at 33–34 days is associated with increase of 
CD4+CD25+ T cells, which could be analogous to the regulatory T (Treg) cells described 
as increasing during gravidity in mice and humans. However, functions of individual T 
cell subset during preimplantation period are unknown. One of the reasons causing early 
embryonic death is low progesterone production (Mehmet  et al. 2011). Progesterone 
induced blocking factor (PIBF) is a molecule secreted by T cells in women during 
gravidity (Polgar  et al. 1999). Progesterone induced blocking factor upregulates the 
levels of T-helper (Th)2 immunity (Druckmann et al. 2005). Th2 immunity induces 
interleukin (IL)-4 production and suppresses Th1 immunity that induces interferon 
(IFN)-γ production. Thus shifting immunity toward Th2 predominance is essential 
for successful gravidity in women (Sai to  2000). Phytohaemagglutinin (PHA) is a 
mitogen which is generally used to activate T cell subsets (Quade and Roth 1999) 
and activated T cells express various cytokine mRNAs associated with T cell mediated 
immunity. 

The aim of this study was to explain the gene expression of T cell subsets with PHA 
stimulation in gravid cows during the preimplantation period.
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Materials and Methods

Healthy Holstein dairy cows (n = 14) were artificially inseminated (AI) and examined for gravidity by rectal 
palpation 50–60 days later and divided into two groups: gravid (n = 8) and nongravid (n = 6) cows. They showed 
no significant differences in age, postpartum days, and body condition score (Table 1). 

Peripheral blood samples were collected from the tail vein into heparin tubes from each animal 14 days 
after AI and peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation 
(Lymphosepar I: Immuno-Biological Laboratories, Gunma, Japan). Approximately 5×106 PBMCs/ml/well in 
RPMI 1640 medium (Invitrogen, Tokyo, Japan) supplemented with 10% foetal calf serum (Cansera International, 
Rexdale, Canada) were placed in 48-well plates. Cells were stimulated with 5 μg/ml of phytohaemagglutinin 
(PHA; Sigma-Aldrich, St. Louis, MO, USA) in triplicates and incubated for 12 h at 37 °C. After incubation, 
PHA-activated PBMCs in one of tripricate wells were first incubated for 60 min at 4 °C either with bovine anti-
CD4 (CACT138A, IgG1), anti-CD8 (BAT82A, IgG1), or anti-WC1 (CACTB32A, IgG1) monoclonal antibody 
(VMRD, Pullman, WA, USA). After incubation, the cells bound either with anti-CD4, anti-CD8, and anti-WC1 
mAbs were incubated with rat anti-mouse IgG1 antibodies conjugated with magnetic beads (Miltenyi Biotec, 
Auburn, CA, USA) for 20 min at 4 °C. The magnetic bead-labelled cells were positively separated using a mini 
MACS MS+ column (Miltenyi Biotec) in accordance with manufacturer’s instructions.

Total RNA from each sample was collected using TRIzol reagent (Invitrogen) and used for the synthesis 
of first-strand cDNA using oligo-dT primers and SuperScript II Reverse Transcriptase (Invitrogen), according 
to the manufacturer’s instructions. Real-time RT-PCR was performed with SYBR Green Master Mix (Applied 
Biosystems, Foster City, CA, USA) on a StepOnePlus machine (Applied Biosystems). The primers for β-actin, 
IFN-γ, and IL-4 were used as previously described (Riollet et al. 2001). The primers for PIBF were designed 
using Primer-Blast software (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) as follows, PIBF: forward 
(5’-CCATAGGGCAAGGCTAGACAC-3’) and reverse (5’-CGGCTTCAACTTCATCGTCA-3’). The final 
quantification was carried out using the comparative CT method as previously described (Livak et al. 2001). 
Expression levels were normalized to endogenous β-actin levels and results were reported as the n-fold difference 
relative to mRNA expression in the sample with the lowest expression as previously described (Fumuso et al. 
2003; Howarth et al. 2005).

Data were expressed as mean ± SEM. All statistical analyses were performed using software Ekuseru-Toukei 
2010 (Social Survey Research Information, Tokyo, Japan). Data screening was performed with histograms and 
Chi-square test and mRNA expressions were log transformed for further statistical analysis due to the skewed 
distribution. The Student’s t-test was used for comparisons of data from gravid and nongravid groups. Comparison 
of mean expression levels among CD4+, CD8+, and WC1+ γδ T cells was done by two-way ANOVA followed by 
Tukey’s test. A P-value less than 0.05 was considered significant.

Results

Table 2 represents the expression of IFN-γ, IL-4, and PIBF in CD4+, CD8+, and  
WC1+ γδ T cells in gravid and nongravid groups of cows. In case of IFN-γ expression, 
significant difference between gravid and nongravid groups was proven. Expression 
of IL-4 in WC1+ γδ T cells from gravid cows was significantly higher compared to the 
nongravid group (P < 0.01). In addition, IL-4 expression in WC1+ γδ T cells from gravid 
cows was significantly higher than that in CD4+ and CD8+ T cells (P < 0.05). Regarding 
PIBF expression, WC1+ γδ T cells from gravid cows showed significantly higher expression 
compared with the nongravid group (P < 0.05). 
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Table 1. Characteristic of gravid and nongravid Holstein dairy cows. 

Data are shown as mean ± SEM, BCS – body condition score

Variable	 Gravid cows	 Nongravid cows	 P-value	
Number	 8	 6
Age (years)	 3.2 ± 0.4	 2.7 ± 0.3	 0.377 
Postpartum days (days)	 122.0 ± 14.6	 149.5 ± 21.1	 0.289 
BCS	 2.94 ± 0.06	 2.74 ± 0.10	 0.100 



Discussion

In the present study, both IL-4 and PIBF expressions were significantly higher in WC1+ 
γδ T cells from gravid cows compared to nongravid cows. Bovine γδ T cells have a 
suppressive effect on αβ T cell responses (Rhodes et al. 2001) and WC1+ γδ T cells act 
as immune regulatory cells (Hoek et al. 2008). Progesterone induced blocking factor is 
secreted predominantly by γδ T cells in women (Polgar et al. 1999). Therefore, WC1+ γδ T 
cells are involved in conception through PIBF and Th2-associated cytokine production. On 
the other hand, there were no differences in IL-4 and PIBF expressed by CD4+ and CD8+ 
T cells. However, it may be necessary to investigate other Th1 and Th2 cytokines in CD4+ 
and CD8+ T cells to determine their association with gravidity (Ng et al. 2002).

In our study, WC1+ γδ T cells from gravid cows displayed significantly higher IL-4 
expression after PHA stimulation compared to CD4+ and CD8+ T cells. This suggests that 
activated WC1+ γδ T cells are more capable of producing Th2 cytokines than CD4+ and 
CD8+ T cells. Alterations in Th1/Th2 balance affect gravidity and Th2 immunity plays an 
important role in successful pregnancies (Saito 2000). Therefore, activated WC1+ γδ T 
cells may be a more critical factor for embryonic implantation than CD4+ and CD8+ T cells 
via increasing Th2 cytokines during the preimplantation period. In conclusion, the present 
study demonstrated that activated WC1+ γδ T cells from gravid cows released Th2 cytokine 
and PIBF in gravid cows 14 days after AI. Thus, successful implantation may be associated 
with WC1+ γδ T cells during the preimplantation period.
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