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ABSTRACT

L-Selectin (SELL) linked with innate immune mechanism involved in neutrophil migration through endothelium to the site 
of inflammation. Early recruitment of neutrophils at the site of infection is essential to counteract infection at the earliest 
in conditions like sub-clinical mastitis (SCM). The present study was framed to evaluate the expression pattern of SELL in 
naturally occurring SCM in crossbred animals using real time PCR technique. Analysis of data on total leukocyte count indicated 
leucocytosis condition in SCM affected crossbred cows. Relative expression of SELL on peripheral blood leukocytes revealed 
a significant 3.16 folds down regulation in SCM affected cows when compared with healthy crossbred cows (P<0.05). The 
possible reason for leukocytosis in SCM animals might be due to down regulation of SELL on leukocytes reducing their ability 
to transmigrate through blood vessel to infection site. The result of present study revealed a definite role of SELL in SCM which 
could be explored for therapeutic aspects in near future.
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Sub-clinical mastitis (SCM) emerges as a greater threat 
than clinical mastitis, due their carrier status of animals 
and unrecognized loss in milk production. Currently, 
combating strategies against mastitis include antibiotic 
therapy as treatment and strict sanitation methods as 
prevention. Development of vaccine against ended in 
failure, because developing a single vaccine giving 
prevention against multiple organisms is a difficult task. 
Alternative way to combat SCM is through utilizing 
animals own innate immune mechanism. To progress in 
such direction, one has to know the molecular mechanism 
of innate immune response during SCM condition. Innate 
immune response is considered to be a polygenic trait 
and so it is difficult to pin point upon any single gene 
corresponding to immune resistance. Innate immune 
mechanism forms the bottom line of defense in neutralizing 
constant threat of micro-organism invasion. Activation of 
innate immunity is essential to initiate subsequent adaptive 
immune responses. Early recruitment of neutrophils at the 
site of inflammation will reduce the severity of infection. 

There are studies proving involvement of animal genetic 
makeup in disease susceptibility and resistance. SELL, a 
transmembrane molecule act as a molecular arm aiding in 
initial tethering of leukocytes to the site of inflammation. 
Ivetic et al. (2019) reported that L-Selectin (SELL), 
glycoprotein molecule highly expressed on the surface of 
all circulation leukocytes was essential for transmigration 
from blood stream to inflammatory site. According to 
Weber et al. (2001) glucocorticoids determine the level 
of SELL expression at mRNA level in parturient dairy 
cows. They also found that neutrophilia condition during 
glucocorticoid challenge was owed to down regulation of 
SELL expression in peripheral blood. Hence the present 
study was designed to evaluate the expression pattern of 
SELL in relation to resistance or susceptibility to SCM in 
crossbred cattle of Kerala.



300	 Journal of Animal Research: v.10 n.2, April 2020

Karthikeyan et al.

MATERIALS AND METHODS

University Livestock Farm, Mannuthy formed the venue 
for this study. Six healthy crossbred cows, six SCM 
affected crossbred cows were selected as the experimental 
animals for this study. Blood samples were collected in 
six mL K2 EDTA coated BD vacutainer under aseptic 
conditions. Total leukocytes count (TLC) were counted 
using haemocytometer under light microscope as per 
standard protocol. Total RNA was isolated from peripheral 
blood leukocytes using TRIzol® LS reagent (Life 
Technologies, USA). The RNA isolated was treated with 
deoxyribonuclease (DNase) enzyme amplification grade 
(Sigma-Aldrich) to remove DNA contamination in isolated 
total RNA, if any. First strand cDNA was synthesized 
using Revert Aid First strand cDNA synthesis kit (Thermo 
scientific). The primers used for target gene SELL was 
selected from karthikeyan et al. (2016) and reference gene 
β-actin was designed by using Primer3 (v.0.4.0) (Table 
1). PCR efficiencies were calculated by using five-fold 
serially (six dilutions) diluted cDNA as template. Template 
concentration of 1,000 ng, 200 ng, 40 ng, 8 ng, 1.6 ng and 
0.32 ng were used to amplify each gene of interest under 
this study. PCR efficiencies were calculated automatically 
by inbuilt EcoTM Software v4.0.7.0 in Eco Real time PCR 
machine. About 250 ng of isolated total RNA from blood 
samples were used for cDNA synthesis for target gene 
evaluation among two groups. The Cycle Threshold (CT) 
values obtained at the end of the reaction generated by 
the machine were recorded and further analysis was done 
based on 2-∆∆CT method (Livak and Schmittgen, 2001). 
Independent sample t-test was used for statistical analysis 
under SPSS V 21.0.

Table 1: Primer sequence used for qRT-PCR

Name Sequence (5’→3’) Tm 
(ºC)

Expected 
product size

SELL-RT-F TACCATGGCCTGCA 
CTCAC 64.54

150 bp
SELL-RT-R ACTCGACAGGTTGGT 

TCTGG 64.95

β-actin-RT-F GCATTGTTGGGTTCCTGT 60.70
100 bp

β-actin-RT-R TCACGAAGATCTGCA 
TTTTG 59.23

RESULTS AND DISCUSSION

Mean values of TLC of all three groups under this study 
are presented under table 2. Independent sample t-test 
revealed a significant difference (P<0.01) between healthy 
crossbred and SCM affected crossbred cows. TLC in SCM 
affected crossbred cows indicates leukocytosis condition. 
Results of Singh et al. (2014) were also in accordance with 
this study, as they reported significantly higher values of 
TLC in SCM affected crossbred cows.

Table 2: Depicting the total leukocyte count among SCM and 
healthy crossbred cows

Parameter Healthy 
crossbred cows

SCM affected 
crossbred cows

TLC (in × 103 cells/µL) 
(n=6) 9.15 ± 0.35a 11.48 ± 0.91b**

**-Significant at P value <0.01.

PCR efficiency was calculated for both the two genes 
(SELL and β-actin) under this study. Slope equation and 
R2 value corresponding for each gene of interest generated 
by EcoTM Software v4.0.7.0 were given in table 3. PCR 
efficiencies were found to be 94.42 per cent and 93 per 
cent, with high R2 value for SELL and β-actin, respectively.

Table 3: PCR efficiency for genes of interest

Gene of 
interest

Standard curve 
equation

PCR efficiency 
(%) R2 value

SELL Y= -3.46 x + 31.0 94.42 0.988

β-actin Y= -3.50 x + 28.40 93.00 0.988

β-actin was used as internal control gene for studying 
expression pattern in peripheral blood cell, which 
showed stable expression level under this study. Cycle 
threshold (CT) of β-actin between assay groups showed 
lesser variation with standard deviation (SD) of 0.90 
and coefficient of variation (CV) of 3.68 per cent. Melt 
curve analysis presented only single peak for each gene 
confirming absence of any non-specific product or primer 
dimer during qRT-PCR. Relative quantification of SELL 
in peripheral blood leukocytes revealed a significant 3.16 
fold down regulation (P value <0.05) of SELL in SCM 
affected crossbred cows, when compared with healthy 
crossbred cows. Mean values of CT, ∆CT, ∆∆CT along with 



L-Selectin expression in subclinical mastitis affected crossbred cows

Journal of Animal Research: v.10 n.2, April 2020	 301

standard error and fold change in SELL expression under 
each group are given in table 4.

Table 4: Mean CT values and fold change in SELL expression

Group
Mean CT ± SE

∆CT ∆∆CT

Fold 
change 
 (2-∆∆C

T)SELL β-actin

Healthy 
crossbred cows 
(n=5)

23.50 ± 
0.27

24.65 ± 
0.68

-1.15 ± 
0.73

0.00 ± 
0.73

1b

(0.59-
1.66)

SCM affected 
crossbred cows 
(n=5)

25.10 ± 
0.44

24.58 ± 
0.16

0.51 ± 
0.47

1.66 ± 
0.47

0.31a*

(0.22-
0.44)

*-Significant at P value< 0.05.

Multiple authors have reported usage of β-actin gene as 
internal control gene in case of expression studies from 
peripheral blood leukocytes (Weber et al., 2001; Matthews 
et al., 2015). Kozera and Rapacz (2013) suggested those 
internal control genes having standard deviation (SD) 
of CT values below one between inter-assays can be 
considered as most stable. Under this study β-actin was 
used as internal control gene which showed a SD of 0.90 
and minimum coefficient of variation (CV) of 3.5 per cent 
across different assays. The R2 values for all standard 
curves were 0.998 indicating the linearity of standard 
curves used for calculation of PCR efficiency. PCR 
efficiency calculated for each gene of interest had similar 
efficiency for both target and reference gene satisfying 
the assumption for relative quantification based on 2-∆∆C

T 
method (Livak and Schmittgen, 2001). Expression pattern 
of SELL in peripheral blood leukocytes at transcriptomic 
level evaluated using qRT-PCR technique showed a 
significant 3.16 fold down regulation in SCM crossbred 
cows (p<0.05) in relation to healthy crossbred cows. 
Leukocytosis condition noticed in SCM affected crossbred 
cows could be associated with down regulation of SELL in 
SCM crossbred affected cows. As leukocyte transmigration 
is impaired due to decreased SELL expression, this might 
lead to accumulation of leukocytes with in blood stream. 
Soltys and Quinn (1999) reported down regulation of 
SELL protein expression on peripheral blood leukocytes 
in Holstein cows infected with Staphylococcal and 
Streptococcal mastitis. Study conducted to quantify SELL 
protein expression on circulating polymorphonuclear 

leukocytes in endotoxin intra-mammary infusion showed 
a drastic (P<0.001) reduction in SELL expression (Diez-
Fraile et al., 2003) and similar results were reported when 
challenged with E. coli infection (Diez-Fraile et al., 2004). 
Mukherjee et al. (2010) studied expression of SELL at 
protein level in naturally occurring clinical mastitis and 
confirmed a significant (P<0.05) decrease of SELL protein 
in mastitis cows in relation to healthy cows. Present study 
result was in discrepancy with Nagahata et al. (2011) 
who reported absence of significant difference in SELL 
expression on blood leukocytes in chronic S. aureus 
mastitis and healthy cows. Down regulation of SELL in 
SCM affected animals could be one of the possible causes 
for leukocytosis condition noticed, since down regulation 
of SELL leads to impaired transmigration of leukocytes to 
the site of infection.

CONCLUSION

Present study confirmed that SELL plays a definite role 
in innate immune response in case of SCM infection in 
crossbred cows. Further studies could be targeted using 
this molecule on preventive or therapeutic aspect.
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