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A B S T R A C T   

In the present study, next generation sequencing was employed to identify and explore the dif-
ferential expression profiles of microRNAs (miRNAs) in peripheral blood mononuclear cells 
(PBMCs) of crossbred (B. taurus x B. indicus) and Vechur (B. indicus) cattle in response to the 
bacterial endotoxin-lipopolysaccharide (LPS). The PBMCs from adult apparently healthy female 
crossbred cows and Vechur cattle, a native cattle breed of Kerala, India were stimulated with 10 
μg/mL of LPS for 6 h. Among the differentially expressed miRNAs, the expression of 13 miRNAs 
showed statistically significant up regulation while, significant decrease in the expression of 15 
miRNAs was noticed in LPS treated PBMCs of Vechur cattle compared to crossbred cows. The 
expression profiling of miRNA, bta-miR-375, expression of which was found to be significantly 
down regulated in LPS treated PBMCs of Vechur cattle with respect to crossbred cattle by the NGS 
studies, is presented in the present manuscript. The decrease in expression of bta-miR-375 noticed 
by NGS was in accordance with the results of quantitative real time PCR assay. Functional gene 
enrichment analysis and pathway analysis revealed significant enrichment of predicted targets of 
bta-miR-375 in many immune related and cell signalling mechanisms. In addition, over repre-
sentation of targets of bta-miR-375 was also noticed in pathogenesis of many of the bovine dis-
eases. The study could also identify differences in the expression of cytokines, viz. Tumour 
Necrosis Factor Alpha (TNFα), Interleukin 4 (IL-4) and Interferon-γ (IFNγ) between LPS treated 
and untreated PBMCs of crossbred and Vechur cattle.   

1. Introduction 

Inflammatory responses towards bacterial endotoxin; lipopolysaccharide (LPS) and studying the mechanisms behind LPS mediated 
toll-like receptor 4 (TLR-4) signalling are critical in understanding the impact of gram-negative bacterial sepsis. Being a potent 
activator of innate immune system, LPS can activate the cells of immune system and thereby regulates the synthesis of various pro- 
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inflammatory and anti-inflammatory cytokines. Studies on post-transcriptional regulation by microRNAs over LPS mediated TLR-4 
signalling are gaining importance nowadays. These small endogenous non-coding RNA molecules (19–24 nt in length) can modu-
late a wide array of biological processes including fine tuning of vital cell signalling pathways and regulation of both innate and 
adaptive immune responses [1]. They mediate development, differentiation and activation of immune cells, regulation of immune 
related signalling pathways and synthesis and release of pro and anti-inflammatory cytokines. Distinct expression patterns of miRNAs 
are seen at different stages of inflammation and identification of miRNA based biomarkers are promising approaches for the diagnosis 
as well as prognosis of many of the important diseases including cancer [2]. 

Zebu cattle are well-known for their disease resistance, thermo tolerance and general adaptability to the wavering climatic con-
ditions compared to the existing crossbred cattle population [3]. Native cattle breeds are low producers as compared to exotic breeds 
and the crossbreeding program tremendously increased milk production among livestock population. But higher susceptibility to 
diseases and poor adaptability to the prevailing agro-climatic conditions pose challenge to successful animal agriculture as a result of 
the intensive crossbreeding programmes. Exploring the reasons of the immunological sturdiness noted in native cattle breeds is an area 
of intense research as scientific studies substantiating these claims are largely lacking. Considering the role of miRNAs in regulating 
immune responses, the current research work was envisaged to identify and unravel the differences in the expression of miRNAs in 
crossbred (Bos indicus × Bos taurus) and Vechur cattle (Bos indicus) in response to LPS and thereby assessing the significance of miRNAs 
in conferring a higher disease resistance potential to Vechur cattle; a native cattle breed of Kerala, India. To date, miRNA expression 
analysis in LPS induced bovine PBMCs has not been well characterised. The present manuscript mainly focuses on the differential 
expression analysis of the miRNA; bta-miR-375, the expression of which was found to be significantly down regulated in LPS treated 
PBMCs of Vechur cattle when compared to that of crossbred cattle by miRNAome analysis. The study laid emphasis on validation of the 
results of NGS, prediction of target genes of bta-miR-375, analysis of cellular pathways associated to the target genes and assessment of 
differences in the level of cytokines whose biosynthetic pathways were found to be influenced by target genes of bta-miR-375. 

Significant down regulation noticed in the expression of bta-miR-375 in Vechur cattle with respect to crossbred cattle identified by 
NGS was consistent with the results of quantitative real time PCR assay. In-silico target prediction, gene ontology and pathway analysis 
revealed significant enrichment of targets of bta-miR-375 in multiple immune related mechanisms. Variations observed in the 
expression patterns of cytokines analysed also points towards the differences between the two genetic groups in immune responses. 
The study forms the basis for future functional studies as well as challenge experiments to unravel the contribution of miRNAs towards 
the differences noticed in immune responses among the two genetic groups. This findings of the study contributes significantly to the 
current knowledge of miRNAs in Gram negative bacterial infection and pathogenesis. 

2. Materials and methods 

2.1. Animals 

All the experimental procedures adopted in the present study were approved by the statutory forums of Kerala Veterinary and 
Animal Sciences University. The research work did not require any approval from the Institutional Animal Ethics Committee of 
University. The study was conducted in six each of adult, apparently healthy, age and sex matched crossbred and Vechur cattle 
maintained at University Livestock Farm and Fodder Research and Development Scheme, and Vechur Conservation Unit, Kerala 
Veterinary and Animal Sciences University, India, respectively. All the animals were maintained under similar environment and 
nutritional status. The animals were free from illness or injury during the entire study period, and were confirmed healthy by clinical 
examination and complete blood count. Animals did not receive any vaccinations or other medications for at least one week prior to 
sample collection. 

2.2. Cell isolation, culture and stimulation 

Eighty mL blood was collected aseptically from each animal into EDTA coated tubes and PBMCs were isolated by gradient density 
centrifugation using Hisep 1077 (Himedia, Mumbai, India) as per manufacturer’s instructions, within 2 h of sample collection. Cell 
viability was assessed by Trypan blue exclusion assay and samples having a viability of ≥95% were selected for the subsequent steps. 
Cells from respective groups were re-suspended in RPMI-1640 medium with 25 mmol/L HEPES buffer (Himedia), 10% low-endotoxin 
heat-inactivated foetal calf serum (Himedia), 2 mM L-glutamine (Gibco, Thermo Fisher Scientific), 1 mM sodium pyruvate (Sigma- 
Aldrich, St. Louis, MO), 50 u/mL penicillin and 50 μg/mL streptomycin to a concentration of 2 × 106 viable cells per mL and cultured in 
a 24-well plate at 37 ◦C and 5 % CO2 for a period of 6 h, with and without LPS from Escherichia coli O111:B4 (Sigma Aldrich) at a 
concentration of 10 μg/mL. The cells were then harvested by centrifugation and stored in RNAlater at 2–8 ◦C overnight followed by 
storing at − 80 ◦C for miRNA sequencing. The experiment was replicated to harvest cells for qRT-PCR and supernatant for cytokine 
analysis. All samples were stored at − 80 ◦C till analysis. Cytokine assay was performed within 48 h of collection of supernatants. 

2.3. Total RNA isolation and next-generation sequencing for differential expression analysis of miRNAs 

Total RNA was isolated from the respective PBMC cultures using Trizol method. Short-read Illumina Next Generation Sequencing 
(NGS) was employed for the study of miRNA transcriptome. Small RNA library construction was performed using NEBNext small RNA 
sample preparation protocol. The constructed small RNA libraries were sequenced on HiSeq 2500 with a 1 × 50bp reads to obtain 40- 
50 million reads. After the sequencing run, Illumina small RNA-Seq data were processed to generate FASTQ files. Adapter sequences, 
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excessively short reads and low quality reads were trimmed from the raw sequence data using cut adapt tool. 
All the unique read sequences with a length of 17–35 bp were aligned to miRBase22 (http://www.mirbase.org) to identify pre-

viously known miRNAs of Bos taurus species. Differential expression analysis of miRNAs among the two study groups was carried out 
by counting the aligned reads with reference genome of Bos taurus using the statistical package DESeq. Mean read count of samples, 
fold change and p-values were calculated. 

2.4. Quantitative real time PCR analysis 

Expression profile of the miRNA, bta-miR-375 retrieved from NGS was validated by qRT-PCR assay in Biorad CFX Opus 96 real time 
PCR system. MicroRNA, bta-miR-191 was selected as the endogenous control [4] and relative quantification was performed. Poly-
adenylation of the total RNA isolated from the respective experimental groups was performed in Biorad T100 thermal cycler in 10 μL 
reaction mixture containing 1 μg RNA, 1 mM ATP, 1000 units of E. coli Poly (A) Polymerase (New England Biolabs) and 1x buffer. 
Polyadenylated RNA samples were reverse transcribed using RT primers designed [5] and were custom synthesised (Sigma-Aldrich). 
The 10 μL reaction mixture contained 1 μL of polyadenylation product, 1 μM RT primer, 0.5 mM dNTP mix, 2500 units RevertAid 
M-MuLV Reverse Transcriptase (Thermo Scientific) and 2x reaction buffer. Details of RT primers used are given in Table 1. 

The forward primers used for qRT PCR assay of both the microRNAs and the universal the reverse primer were designed [6] and 
custom synthesised (Sigma-Aldrich) (Table 2). 

Quantitative RT-PCR was done using Biorad Sso Advanced Universal SYBR green supermix according to the manufacturer’s in-
structions. After an initial denaturation at 95 ◦C for 10 min, 40 cycles of denaturation (95 ◦C for 15 s) and annealing for 60 s at 62.5 ◦C 
(bta-miR-375) or 60 ◦C (bta-miR-191) were programmed. Melt curve analysis was carried out at 65 ◦C–95 ◦C with 0.5 ◦C increment. All 
the data were analysed using 2-ΔΔCt method [7] and all the results were expressed as Mean ± SE. The ΔCt values were subjected to t-test 
to determine significant differences between the study groups. 

2.5. Target prediction and functional annotation 

Targets of bta-miR-375 were predicted using TargetScan (https://www.targetscan.org/), miRWalk (http://mirwalk.umm.uni- 
heidelberg.de/) and miRanda (http://www.microrna.org/microrna/getDownloads.do). Redundant targets were identified and 
removed using Venny 2.1.0. (https://bioinfogp.cnb.csic.es/tools/venny). Functional annotation and pathway analysis of predicted 
targets were studied through DAVID accessible at https://david.ncifcrf.gov/. 

2.6. Cytokine analysis 

The key pro-inflammatory cytokines TNFα and IFNγ and the anti-inflammatory cytokine IL-4 were measured in the culture su-
pernatants. TNFα was measured after 6 h of incubation while IFNγ and IL-4 levels were measured after an overnight incubation of cells 
with LPS. The assays were conducted according to manufacturer’s instructions using ELISA kits for bovine TNFα, IL-4(Invitrogen, 
Thermo Fischer Scientific) and IFNγ (Bio-Rad Medical laboratories). All the three cytokines were measured within 48 h of collec-
tion of supernatants. 

3. Results 

3.1. Characterization of the microRNA transcriptome in LPS treated PBMCs of crossbred and Vechur cattle 

All RNA samples had 260/280 ratio between 1.8 and 2.0 and RNA Integrity Number of above 8.0. From small RNA libraries 
prepared from LPS challenged samples that yielded a total of 7.4 and 12.9 million raw reads, respectively, for crossbred and Vechur 
samples a total of 0.47 and 0.64 million clean reads, with an average Phred score of 34.92 and 34.75, respectively, were obtained (un 
published data-data will be shared on request). This corresponded to 55.3% and 62.1% of the adapter trimmed reads of mean length of 
21 nucleotides, respectively for crossbred and Vechur samples. Known and novel miRNAs were identified (un published data) by 
aligning all clean reads to bovine genome (Bos taurus) with miRBase-22 mature and miRBase-22 precursor miRNA database. 

3.2. Differential expression analysis 

After normalisation of the raw reads, the expression of 13 miRNAs were found to be significantly up-regulated and expression of 15 
miRNAs were significantly down-regulated (p < 0.05) in the LPS stimulated PBMCs of Vechur cattle compared to that of crossbred 

Table 1 
Primer sequences for first strand cDNA synthesis of bta-miR-375 and bta-miR-191.   

Sl. No. 
miRNA Primer sequences 

1. bta-miR-375 CAGTGCAGGGTCCGAGGTCAGAGCCACCTGGGCAATTTTTTTTTTTTCACGC 
2. bta-miR-191 CAGTGCAGGGTCCGAGGTCAGAGCCACCTGGGCAATTTTTTTTTTTCAGCTG  
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cattle. Among the differentially expressed miRNAs, expression of bta-miR-375 was found to be significantly down regulated with a fold 
change of 0.069 (p value < 0.05). Validation of the results of NGS of bta-miR-375 by qRT-PCR confirmed the NGS results revealing a 
statistically significant (p value < 0.05) down regulation with a fold change of 0.364. Figs. 1 and 2 depict the amplification plot for the 
relative expression of bta-miR-375and log2 fold change for qRT-PCR assay and NGS of bta-miR-375, respectively. 

3.3. Prediction of targets 

Target analysis of bta-miR-375 using online tools, TargetScan, miRWalk and miRanda revealed 5164, 504 and 256 targets, 
respectively, with the current data. The total number of predicted targets for bta-miR-375 predicted by the target prediction tools, after 
removal of redundant ones, was 5573. 

3.4. GO and functional classification 

With the default parameters of DAVID data base 1137, 128 and 116 GO terms were identified in the biological process, cellular 
component and molecular function categories, respectively, by gene ontology analysis of the targets of bta-miR-375. In the biological 
process category, most of the annotated targets were involved in numerous immune related mechanisms (Fig. 3), mRNA destabili-
zation, posttranscriptional regulation of gene expression, negative regulation of epidermal growth factor receptor signalling pathway, 
histone modification, negative regulation of histone modification, axon guidance and its regulation, positive regulation of Wnt sig-
nalling pathway, regulation of I-kappaB kinase/NF-kappaB signalling, regulation of MAPK cascade, SMAD protein signal transduction, 
regulation of transforming growth factor beta receptor signalling pathway etc. Coding region instability determinant (CRD) -mediated 
mRNA stability complex, RNAi effector complex and RISC complex were found to be the highly enriched GO terms in the cellular 
component category. In the molecular function category, targets of bta-miR-375 were assigned to N-acetyl glucosamine 6-O-sulfo-
transferase activity, S-methyl transferase activity, translation repressor activity, nucleic acid binding acetyl transferase activity, 
cytokine receptor activity, miRNA binding etc. 

3.5. Pathway analysis 

The KEGG pathway analysis through DAVID demonstrated an overrepresentation of targets of bta-miR-375 in several cell signalling 
and immune related pathways (Table 3). Glycosaminoglycan biosynthesis, pathways associated to the functioning of adherens 
junction, axon guidance were the other pathways significantly enriched with the targets of bta-miR-375. In addition, significant 
enrichment of targets was noted in pathways associated to various types of cancers, hepatitis B, yersiniosis etc. 

3.6. Cytokine analysis 

Significantly higher levels of TNFα were observed in the LPS treated PBMCs of crossbred cows compared to that of Vechur cattle, 
whereas a higher level of IL-4 was noticed in Vechur cattle (p=<0.05). Among the LPS untreated cells also, TNFα level was higher in 
crossbred cattle and IL-4 level was higher in Vechur. The IFN γ level in LPS treated crossbred samples was higher but the difference was 
not statistically significant. Results of cytokine analysis are presented in Table 4. 

Table 2 
qRT PCR primers for bta-miR-375 and internal control miRNA.  

Sl.No miRNA qRT PCR primers 

Forward primer Universal reverse primer 

1. bta-miR-375 TTTTGTTCGTTCGGCTC CAGTGCAGGGTCCGAGGT 
2. bta-miR-191 CAACGGAATCCCAAAAG  

Fig. 1. Amplification plot for the relative expression of bta-miR-375.  
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4. Discussion 

The present study focussed on the significance of the miRNA, bta-miR-375 in regulation of immune responses among the two 
genetic groups studied, on post LPS exposure. To our knowledge, this study is the first to analyse miRNA expression profiles between 
LPS challenged PBMCs of crossbred/exotic and native cattle breeds. 

Lipopolysaccharide, the major outer membrane component present in almost all Gram-negative bacteria acts as an extremely 
potent stimulator of innate immunity in diverse eukaryotic species [8]. Through the activation of TLR4 signalling, LPS can induce the 
expression of several inflammatory cytokines, viz. TNFα, IL-1β and IL-6 in immune cells [9]. Differential expressions of miRNAs have 

Fig. 2. Log2 fold change for qRT-PCR assay and NGS of bta-miR-375.  

Fig. 3. Immune related GO terms associated with targets of bt-miR-375.  

Table 3 
Pathway analysis of targets of bta-miR-375.  

Sl.No. Pathway affected No. of target genes involved Fold enrichment 

1. NF-kappa B signalling pathway 6 2.5 
2. TGF-beta signalling pathway 40 2.0 
3. PI3K-Akt signalling pathway 14 1.7 
4. T cell receptor signalling pathway 41 1.7 
5. HIF-1 signalling pathway 41 1.7 
6. C-type lectin receptor signalling pathway 39 1.7 
7. Fc epsilon RI signalling pathway 25 1.6 
8. Inflammatory mediator regulation of TRP channels 39 1.6 
9. IL-17 signalling pathway 31 1.5 
10. Bacterial invasion of epithelial cells 24 1.4 
11. TNF signalling pathway 37 1.4 
12. Chemokine signalling pathway 53 1.3  
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been identified in primary human macrophages [9], PBMCs of equine [10] and porcine [11] species in response to LPS challenge. 
Studies have shown that LPS mediated alteration in the expression of miRNAs induced acute inflammation thereby triggering the 
production of TNFα, IL-1β and IL-6 [12,9,13]. 

4.1. Characterization of the microRNA transcriptome in LPS treated PBMCs 

In our study a total of 7.4 and 12.9 million raw reads and 0.47 and 0.64 million clean reads were identified with an average Phred 
score of 34.92 and 34.75, respectively, in PBMCs of crossbred and Vechur samples after LPS challenge. On miRNAome profiling, 
several known and novel miRNAs with potential roles in LPS mediated immune signalling and immune responses were detected in 
native cattle compared to crossbred cattle (unpublished data). The functions of these novel miRNAs are yet to be explored. We could 
find out statistically significant differences in the expression of 28 known miRNAs (unpublished data) in LPS treated PBMCs of Vechur 
cattle compared to crossbred cows (p value < 0.05). Among these differentially expressed miRNAs, we focussed on bta-miR-375 as it 
exhibited significant decrease in its expression in LPS treated PBMCs of Vechur cattle with respect to the corresponding samples from 
crossbred cattle. Moreover, recent studies have reported on the crucial roles of miR-375 in modulating immune responses and 
regulating pathogenesis of a plethora of human diseases [14,6,15,16]. Decreased expression of miR-375 was reported in the intestinal 
mucosa of patients with Crohn’s disease and ulcerative colitis [15]. It has been reported that miR-375 regulate neuronal dendrite 
formation and overexpression of miR-375 in mouse hippocampus potently reduced dendrite density by repressing the expression of 
neuronal RNA-binding protein HuD [14]. Similarly, an over expression of miR-375 was noticed in C cells of thyroid gland in medullary 
thyroid cancer than in reactive C-cell hyperplasia [16]. 

4.2. qRT-PCR assay for the validation of expression of bta-miR-375 

We could identify a statistically significant decrease (p value < 0.05, t-test) in the expression of bta-miR-375 in PBMCs from Vechur 
cattle on comparison to that of crossbred cows by qRT-PCR assay and the results were in consistent with NGS data. Minor variations 
noticed between the two assays might be related to sensitivity differences between the two methods regarding profiling miRNA 
expression. Studies on differential expression of miRNAs in LPS treated PBMCs of equine [10] and porcine [11] species, also revealed 
discrepancies in the level of miRNA expression between qRT-PCR assay and miRNAome analysis. 

4.3. Prediction of targets of bta-miR-375 

The number of targets predicted for bta-miR-375 showed differences in the predicted targets among the online tools used for the 
present study. The reasons for these differences between the target prediction tools may be because of the difference in the features 
incorporated in each tool for the prediction of target genes even though most tools use some common criteria like seed match, con-
servation, free energy, and site accessibility etc [17]. All the non-redundant targets retrieved from the online target prediction tools 
were subjected for gene ontology and pathway analysis. 

4.4. Gene ontology and pathway analysis 

On gene ontology analysis, it was found that most of the annotated targets of bta-miR-375 were associated with immune related GO 
terms, viz. regulation of TLR signalling pathway, post-transcriptional regulation of gene expression, epidermal growth factor receptor 
signalling pathway, histone modification, axon guidance and its regulation, I-kappaB kinase/NF-kappaB signalling, MAPK cascade, 
SMAD protein signal transduction, TGF-β receptor signalling pathway etc. Analysis of targets of bta-miR-375 also revealed that 
pathways associated to cell signalling and immune mechanisms to be significantly enriched with bta-miR-375 targets. In addition, 
pathways associated with the functioning of adherens junction and glycosaminoglycan biosynthesis was also found to be highly 
enriched with the targets of bta-miR-375. These pathways were reported to have crucial roles in regulation of immune responses [18, 
19]. Among the immune related pathways the highest fold enrichment was noticed in NF-kappa B signalling pathway followed by 
TGF-β signalling pathway. 

Among the cell surface expressing pattern recognition receptors (PRRs), Toll-like receptors-4 (TLR4), are reported to have key roles 

Table 4 
Concentration of cytokines in LPS challenged and unchallenged PBMC cultures.   

TNFα IL-4 IFNγ 

Groups Crossbred (pg/mL) Vechur (pg/mL) Crossbred (pg/mL) Vechur (pg/mL) Crossbred (pg/mL) Vechur (pg/mL) 
Test 39.16 ± 2.82aA 19.21 ± 0.6aB 198.98 ± 10.53aB 713.07 ± 15.62bA 43.27 ± 1.12aA 42.01 ± 0.58bA 

Control 27.79 ± 0.66bA 15.1 ± 0.58bB 301.57 ± 20.06bB 423.4 ± 18.20aA 41.77 ± 0.78aB 45.66 ± 1.30aA   

F-value for interaction between treatment vs 
breed = 5.805b; P-value = 0.026 

F-value for interaction between treatment vs 
breed = 141.405a; P-value <0.001 

F-value for Interaction between treatment vs 
breed = 6.821b; P-value = 0.017 

Means having different small letters as superscript differ significantly within a column; Means having different capital letters as superscript differ 
significantly within a row. 

a Significant at 0.01 level. 
b Significant at 0.05 level. 
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in host defense towards LPS, a pathogen-associated molecular pattern (PAMP) seen on outer surface membrane of Gram negative 
bacteria. TLR4 signalling triggered by LPS is mediated by the cytoplasmic adaptor molecule, MyD88, and serine/threonine kinases of 
the IL-1R–associated kinase family, followed by phosphorylation of the inhibitory protein IκB-α resulting in the translocation of NF-κB 
to the nucleus and activation of transcription of many genes encoding production of type I interferons and pro-inflammatory cytokines 
[20]. 

Signalling pathway involving transforming growth factor β (TGF-β; a pleiotropic cytokine secreted predominantly by immune cells) 
are having potent regulatory and anti-inflammatory activity have been reported for its association with lipopolysaccharide mediated 
TLR4 signalling and thereby influences NF-kappa B signalling [21]. Both NF-kappa B signalling and TGF-β signalling along with LPS 
mediated TLR4 signalling are central in regulation of immune responses and release of cytokines from immune cells [22,23,24]. 
Findings of our study, suggest that immune related pathways preferably, Toll-like receptor signalling pathway, I-kappa B 
kinase/NF-kappa B signalling, SMAD protein signal transduction and TGF-β receptor signalling are inter related and these pathways 
are significantly influenced by the target genes of bta-miR-375. In support of our findings, the association of these pathways and their 
importance in regulation of immune responses with respect to the pro inflammatory milieu are reported in recent immunological 
studies [25]. Controversial reports are there regarding the association of TGF-β signalling pathway and LPS mediated TLR4 signalling. 
It has been reported that LPS mediated TLR4 signalling is having an inhibitory effect on TGF-β receptor signalling through the co-
ordinated action of SMAD proteins [23] even though, a stimulatory effect of the same pathway on TGF-β signalling has also been 
reported [22]. LPS-induced NF-kappa B activation was found to be inhibited in murine macrophages by TGF-β1 via Smad3 and Smad6 
proteins thereby inhibiting the release of pro-inflammatory cytokines [23]. On the contrary, it was noticed that IL-1β/LPS induces 
suppression of TGF-β signalling through TRAF6 signalling a myD88 independent mechanism through interaction of IL-1β/LPS with the 
type III TGF-β receptor [24]. But this inhibitory effect of TGF-β1on NF-kappa B activation can be overcome by triggering Smad3 linker 
phosphorylation via TLR4–IRAK1-activated ERK1/2 and subsequent blocking Smad6 expression by LPS [23]. Lipopolysaccharide 
acting via TLR4, transactivating the TGF-β receptor in human vascular smooth muscle cells has been reported but the authors could not 
detect any LPS mediated inhibition of SMAD 6 expression in these cells [22]. Similar studies showed that LPS enhances 
Smad2/3-dependent TGF-β1 transcriptional responses in normal fibroblasts through TLR4 signalling [25,26]. The differences in LPS 
responses noticed might be related to cell specificity, with positive cross talk between TLR4 and TGF-β in non-immune cells, but an 
inhibitory cross talk in inflammatory cells [25]. 

In the present study, we could identify that targets of bta-miR-375 were significantly overrepresented in the aforementioned 
signalling mechanisms. Since, the expression of this miRNA was significantly down regulated in PBMCs of Vechur cattle; the expression 
of target genes associated with the respective signalling pathways might be up regulated. Significant enrichment of targets of bta-miR- 
375 observed in mRNA stability complex, RNAi effector complex, RISC complex, translation repressor activity and miRNA binding also 
indicates the regulatory role of this miRNA in gene expression at post-transcriptional and post translational levels. All these findings 
suggest that differences exist between the two genetic groups in mechanisms operating during an acute inflammatory response. 

These findings were supported by the results of cytokine assay which were involved in the critical immune signalling pathways 
associated with targets of bta-miR-375. 

4.5. Cytokine analysis 

The physiological effects of LPS are mainly based on the biosynthesis and activation of molecular mediators like cytokines [12]. We 
found significantly lower TNFα level in LPS treated PBMC cultures of Vechur cattle in comparison to crossbred cows. It has been also 
revealed that TNFα level was higher in LPS treated cells when compared to the respective LPS untreated cells of both genetic groups. 
The significantly higher level of TNFα noticed in LPS untreated PBMCs of crossbred cattle with respect to that of Vechur cattle show the 
influence of breed in the regulation of LPS mediated immune responses. These differences noticed in the TNFα level may be because of 
the differences in the activation of NF-κB signalling pathway through the LPS mediated TLR4 signalling and subsequent release of 
TNFα. Role of LPS in the activation of NF-κB signalling pathway mediated via TLR4 signalling and the enhanced release of pro in-
flammatory cytokines like TNFα from the activated T cells are reported in recent studies [10,11]. 

With respect to IL-4 assay, the present study showed a significantly higher IL-4 level in LPS treated and untreated Vechur PBMCs 
compared to the respective groups from crossbred cattle. It was interesting to note that IL-4 level lowered significantly on LPS 
treatment in crossbred PBMCs whereas it increased significantly in Vechur cattle. This difference in response to LPS warrants further 
exploration on the mechanisms involved. Studies on LPS treated equine PBMCs revealed an increase in IL-4 level with time but a 
statistically significant difference could not be detected between the LPS treated and untreated cells [10]. 

We could not find out any statistically significant difference in the IFN γ level between the LPS stimulated crossbred and Vechur 
PBMCs even though a slight rise in their levels was noticed in crossbred samples. Changes noticed in IFN γ level between other study 
groups were all negligible and did not produce a statistically significant difference. Though, LPS was reported to be a potent stimulator 
of IFN γ secretion from activated immune cells, the present study could not reveal any significant difference in the IFN γ levels between 
the two study groups. In contrast to our findings significantly greater level of IFN γ in LPS challenged equine PBMCs compared to the 
control cells after 8 h of incubation [10]. 

As the key mediators for orchestrating physiological responses, cytokines are having paramount significance in coordinating im-
mune responses of an organism at the time of a pathological insult by controlling activation, differentiation, chemotaxis and apoptosis 
of immune cells [12]. Cytokine analysis of our study revealed significant differences between the two genetic groups which could 
probably be mediated through bta-miR-375 also. Results of cytokine assay was supporting the findings deduced from the results of 
differential expression profiling of bta-miR-375 and the associated in -silico analysis. It has been also noticed that the major pathways 
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associated to LPS mediated signalling pathways, viz; TLR4 signalling, TGF-β signalling and NF-κB signalling were observed to be 
significantly enriched with the targets of the miRNA of our study. Recent research findings have reported that TGF-β signalling 
pathway activates the release of anti-inflammatory cytokines viz; IL-4, IL-10, IL-11, IL-13 etc. whereas, inhibits the release of pro 
inflammatory cytokines like TNFα, IFNγ, IL-1β, IL-6 etc [27]. In the present study, significant down regulation observed in the 
expression of bta-miR-375 in PBMCs of Vechur cattle compared to crossbred animals after LPS challenge suggests activation of 
pathways associated with the expression of corresponding target genes of major signalling pathways like TGF-β signalling. The 
decrease in the level of TNFα noticed in the LPS treated PBMCs of Vechur cattle may be attributable to the activated TGF-β signalling 
pathway and subsequent inhibition of TLR4 mediated activation of NF-κB signalling and resulting decrease in the release of pro 
–inflammatory cytokines. 

Similarly, the activated TGF-β signalling pathway might be activating the release of anti-inflammatory cytokine, IL-4 and this might 
be leading to the high IL-4 level in Vechur PBMC cultures in response to LPS challenge. Likewise, the cytokine, IFN γ secreted primarily 
by Th1 cell lineage are found to be unaffected by LPS treatment, which suggest that either the target genes associated with this 
pathway are not affected by miRNA mediated regulation or it might be due to the inhibitory effect of IL-4 on activation of Th1 cell 
lineage [28,29]. The higher IFN γ noticed in LPS untreated Vechur PBMCs might be due to contamination from any unknown source. 
The role of miRNAs in regulation of gene expression through the post transcriptional gene silencing mechanisms or by regulation of 
translational repression might be contributing to the differences noticed in the expression of the aforementioned signalling pathways 
between the crossbred and Vechur cattle [30]. In contrast to the our findings, there are reports suggesting LPS mediated suppression of 
TGF-β signalling which in turn overcomes the inhibitory effect of TGFβ on NF-kappa B activation followed by stimulation of the release 
of pro inflammatory cytokines [23,24]. But supporting the findings of the current study, there are reports explaining activation of 
TGF-β signalling through LPS mediated TLR4 signalling resulting in inhibition of the release of pro inflammatory cytokines from the 
activated T cell [22]. 

5. Conclusion 

MicroRNAome analysis is one of the most promising and recent approaches in monitoring the physiological or pathological status 
of an animal while comparing other transcriptomics biomarkers. These tiny key modulators of gene expression are also reported to 
have pivotal roles in regulating the complex immune mechanisms of the cells too. The present study suggests involvement of miRNAs 
in the alleged difference between crossbred and indigenous cattle breeds in response to immune challenges. Though clinical evidences 
suggesting immune sturdiness have been reported for Vechur cattle, scientific evidences confirming the same are largely lacking. 
Significant decrease in the expression of bta-miR-375 noticed in LPS treated PBMCs of Vechur cattle when compared to crossbred cattle 
by NGS, and qRT-PCR assay, and the enrichment of targets of bta-miR-375 in many immune related mechanisms points towards an 
underlying difference in miRNA mediated immune regulation in the two genetic groups studied. The results of cytokine assay of the 
present study confirms that the mechanisms behind the LPS induced triggering of immune responses are different in crossbred and 
Vechur cattle though detailed studies are needed in this regard. 

6. Limitations of the study 

There are benefits and limitations to the current and latest technologies which all have to be considered while designing miRNA 
studies. Results of different miRNA assays may exhibit minor variations across the platforms, pointing towards the fact that careful and 
critical evaluation of the results are needed while interpreting the findings. In the present study too, minor variations were noticed in 
the expression of miRNA studied; bta-miR-375 between the two technologies used viz. qRT-PCR assay and NGS though both techniques 
showed a decrease in the expression of miRNA. The high cost for next-generation sequencing is another limitation of these area of 
research which could be otherwise a fast and more accurate miRNA profiling technique that could greatly augment miRNA research. 
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