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The NOD-like receptor protein 3 (NLRP3) inflammasome comprised of 
NLRP3, ASC and caspase-1 plays an important role in the inflammatory and in-
nate immune response. However, little is known about the expression pattern and 
histological distribution of these genes in goat. Here, we first cloned the full-
length cDNAs of the NLRP3, ASC and caspase-1 genes of Hainan black goat and 
produced their polyclonal antibodies. Tissue-specific expression and histological 
distribution of these genes were analysed. Phylogenetic analysis revealed that 
these three goat genes had high homology with Bos taurus genes and low homol-
ogy with avian or fish genes. After immunisations with these recombinant His-
tagged proteins, the titres of antiserum were higher than 1:1024 and purified IgG 
was obtained. These three genes were expressed in all examined tissues, the 
mRNA expression level of NLRP3 and caspase-1 was most abundant in the 
spleen and mesenteric lymph nodes (MLNs), while ASC was primary expressed 
in the liver, spleen and kidney. The histological distribution of NLRP3, ASC and 
caspase-1 was detected in myocardial cells, hepatocytes, focal lymphocytes, bron-
chiolar epithelial cells, renal tubular epithelial cells, cortical neurons and endothe-
lial cells of the germinal centres in the MLNs. These results will be helpful in fur-
ther investigations into the function of the NLRP3 inflammasome and in elucidat-
ing its role in caprine inflammatory diseases. 
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As part of the immune response to infection, inflammation is initiated on 
recognising the signs of tissue injury or disturbances of the host steady state 
which could result in tissue damage (Davis et al., 2011; Horvath et al., 2011; 
Latz et al., 2013). The innate immune system, which establishes the first line of 
host defence, plays an important role in the process of inflammation and regu-
lates the generation of long-lived adaptive immune responses (Ferrero-Miliani et 
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al., 2007). Activation of the innate immune system relies on pattern recognition 
receptors (PRRs), such as NOD-like receptors (NLRs), RIG-I like receptors, 
Toll-like receptors and C-type lectin families. NLRs and their recruited down-
stream proteins can assemble into large multiprotein complexes (inflammasomes), 
leading to the production of important soluble pro-inflammatory substances which 
participate in the development of inflammation (Kumar et al., 2009; Takeuchi 
and Akira, 2010; Davis et al., 2011; Mahla et al., 2013). NLRP3 inflammasome, 
which is composed of NOD-like receptors 3 (NLRP3), adaptor apoptosis-
associated speck-like protein (ASC) and caspase-1 (Sutterwala et al., 2014), plays 
important roles in inflammatory and innate immune responses associated with 
autoimmune/inflammatory diseases (Federici et al., 2012; Chang, 2013; Vera-
Lastra et al., 2013), as well as with a variety of dissimilar agonists such as influ-
enza virus, Candida albicans, prions, ATP, bacterial RNA and uric acid (Maria-
thasan et al., 2006; Kanneganti et al., 2006; Martinon et al., 2006; Allen et al., 
2009; Joly et al., 2009; Shi et al., 2012). The NLRP3 inflammasome has a piv-
otal function in regulating the cleavage and maturation of pro-IL-1β and pro-IL-
18, and ultimately results in an inflammatory response and a programmed cell 
death, pyroptosis (Lamkanfi, 2011; Sutterwala et al., 2014). However, an overac-
tive NLRP3 inflammasome can induce aberrant IL-1β secretion which is harmful 
to the host and associated with various inflammatory lesions. 

Comprehensive analysis of expression profiles and histological distribu-
tion is crucial for elucidating the functions of the NLRP3 inflammasome in in-
flammatory responses and innate immunity. To date, research concerning the 
NLRP3 inflammasome has been concentrated on humans, mice, pigs and chick-
ens (Anderson et al., 2004; Kummer et al., 2007; Tohno et al., 2011; Huang et 
al., 2014; Ye et al., 2015). Basic data on the sequence, expression pattern and 
histological distribution of NLRP3, ASC and caspase-1 are still unknown in 
goat. China has the largest goat population in the world (Wu et al., 2009; Wang 
et al., 2015). The Hainan black goat, a meat-type goat breed raised in South 
China, has good heat resistance characteristics (Wang et al., 2014). In recent 
years, with the increase in farm size and the number of goats bred, inflammatory 
diseases have exerted increasing influence on the production of Hainan black 
goat (Konishi et al., 2004; Venkatesan et al., 2010; Li et al., 2012; Duan et al., 
2014; Zhang et al., 2016). Infections causing inflammation in goats have become 
difficult to treat because the basic features of the inflammatory response are un-
known. 

In this work, we first cloned full-length cDNAs of the NLRP3, ASC and 
caspase-1 genes of Hainan black goat by polymerase chain reaction (PCR) and 
produced their polyclonal antibodies by the immunisation of rabbits using puri-
fied recombinant prokaryotic expression proteins. Tissue-specific expression and 
histological distribution of NLRP3, ASC and caspase-1 were analysed by real-
time quantitative PCR and immunohistochemical detection. The results should 
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be helpful in further investigations into the function of the NLRP3 inflam-
masome and should elucidate its role in specific tissues involved in caprine in-
flammatory diseases. Also, they can serve as basic data for the prevention and 
treatment of inflammatory diseases in goat. 

 
 

Materials and methods 

Sample collection and tissue preparation 

Nine healthy Hainan black goats (6 months old with body weights of 22.5 ± 
1.6 kg) were obtained from a purebred herd in a local livestock farm in the city 
of Zeng-cheng, Guangdong province. The animal experiments were approved by 
the Institutional Animal Care and Use Committee of South China Agricultural 
University. After anaesthesia and euthanasia, tissue samples including the heart, 
brain, liver, spleen, lung, kidney and mesenteric lymph nodes (MLNs) were col-
lected promptly. Each tissue was separated into two parts: one was frozen in liq-
uid nitrogen for RNA extraction and the other fixed in 10% neutralised buffered 
formalin for immunohistochemical detection. 

RNA extraction, first-strand cDNA synthesis and RT-PCR 

Total RNA was isolated from the collected samples using the RNAiso 
Plus reagent (Takara Biotech, Dalian, China) in accordance with the manufac-
turer’s instructions. The concentrations of total RNA were measured using a 
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA). One µg of 
total RNA was converted to first-strand cDNA using a PrimeScript RT reagent 
with gDNA eraser (Takara Biotech, Dalian, China) according to the manufac-
turer’s instructions. Three sets of primer pairs were designed and synthesised on 
the basis of the Capra hircus NLRP3 (XM_005682796.2), ASC (XM_005697733.2) 
and caspase-1 (XM_ 013969391.1) mRNA sequences in GenBank. The gene 
specific primers were as follow: NLRP3 – Fw: 5’-AGGACTCTGACCAGGTCT 
GCA-3’, NLRP3 – Rv: 5’-GTGTTTCCGCCACTACCGA-3’, ASC – Fw: 5’-ATG 
GGGTGCACACGCGAT-3’, ASC – Rv: 5’- TCAGCTCTGCTCCAGGTCGTC-3’; 
caspase-1 – Fw: 5’-CAAGGCTAAGAAGGGGAAGT-3’, and caspase-1 – Rv: 
5’-TAGGGGTCATGCACTATC-3’. The genes were amplified by polymerase 
chain reaction (PCR) in a 50-μl reaction volume with the following conditions: 
denaturation at 95 °C for 5 min; 36 cycles of denaturation at 95 °C for 30 sec, 
annealing at 55 °C for 35 sec for NLRP3 and caspase-1, and at 57 °C for 35 sec 
for ASC, and extension at 72 °C for 3 min 30 s for NLRP3, for 2 min for cas-
pase-1 and for 55 sec for ASC, followed by a final extension cycle at 72 °C for 
10 min. The PCR products purified by the Agarose Gel DNA Extraction Purifi-
cation kit Ver4.0 (Takara Biotech, Dalian, China) were cloned into pMD18-T 
vector (Takara Biotech, Dalian, China) and sequenced, respectively. 
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Real-time quantitative PCR 

The mRNA expressions level of NLRP3, ASC and caspase-1 were meas-
ured by real-time quantitative PCR using the SYBR® Premix Ex Taq™ II (Per-
fect Real Time) (Takara Biotech, Dalian, China) with a CFX96 Real-Time PCR 
Detection System (Bio-Rad, Hercules, CA). The PCR amplification conditions 
used were: 95 °C for 30 sec, followed by 40 cycles of 95 °C for 5 sec and 60 °C 
for 30 sec. The gene-specific primers used were as follows: NLRP3 – Fw: 5’–
CCGTCTGGGTGAGAGCGTGAA-3’, NLRP3 – Rv: 5’-TCCTGTTGGCT-
CCTGTGTTCCT-3’; ASC – Fw: 5’-GCCGTGGACCTTACCGACAA-3’, ASC 
– Rv: 5’-GCAGTCCTGGCTTGGCTATCTT-3’; caspase-1 – Fw: 5’-GGATAC-
AATAAATGGCTTGCTGG-3’, caspase-1 – Rv: 5’-CTCGGGCTTTATCCA-
TAGTTGT-3’; β-actin – Fw: 5’-AGGCAGTGTCGGTCATCGT-3’, and β-actin 
– Rv: 5’-CCTCAGGTCATCATCACGGAAG-3’. The relative expression levels 
of these genes were calculated by normalising the levels of gene transcripts to 
that of endogenous housekeeping gene β-actin transcripts using a relative stan-
dard curve method through the 2−ΔΔCt formula (Livak and Schmittgen, 2001). All 
samples were performed in triplicate. Statistical analysis was carried out by using 
independent sample (two-tailed) t-test and one-way ANOVA test using SPSS 
software (version 20.0), and the figure was made by GraphPad Prism (GraphPad 
Software, La Jolla, CA). Data are presented as mean ± standard deviation (SD). 
A P value < 0.05 was considered to be statistically significant. 

Expression, purification and Western blot detection of recombinant NLRP3,  
ASC and caspase-1 

The expression primers of goat NLRP3, ASC and caspase-1 were as fol-
low: NLRP3 – Fw: (Sal I) 5’-CCGACCGTCGACTGATGATCATGGCAA-3’, 
NLRP3 – Rv: (Not I) 5’-ATTATAGCGGCCGCCTACCGAGAAGGCT-3’; 
ASC – Fw: (EcoR I) 5’-TACCCGGAATTCATGGGGTGCACACGC-3’, ASC – 
Rv: (Xho I) 5’-TCTTCGCTCGAGTCAGCTCTGCTCCAG-3’; caspase-1 – Fw: 
(Sac I) 5’-CTAGAAGAGCTCATGGCCGACAAGG T-3’, and caspase-1 Rv: 
(Xho I) 5’-CGCCGCCTCGAGTTAATATCCTGGAA-3’ (underlined nucleo-
tides indicate restriction enzyme sites on each primer). Expression and purifica-
tion of these recombinant proteins and Western blot were performed as reported 
by us previously (Zhou et al., 2013). Briefly, NLRP3, ASC and caspase-1 PCR 
products were digested by corresponding two enzymes, and ligated into the ex-
pression vector pET-32a (+) previously digested with the same two enzymes, re-
spectively, to form a sequence encoding a fusion protein of NH2-terminal His-
tag. These recombinant plasmids were sequenced on both strands and termed as 
pET-32a (+)-NLRP3, pET-32a (+)-ASC and pET-32a (+)-caspase-1, respec-
tively. The competent E. coli BL21 (DE3) cells (Dingguo, Beijing, China) were 
transfected with the recombinant plasmid. A single colony was cultured in Luria-
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Bertani (LB) medium containing 100 µg/ml ampicillin and grown at 37 °C to an 
optical density of 0.6, and then 1 mM isopropyl β-D-1-thiogalactopyranoside 
(IPTG) was added and the culture was incubated at 37 °C for 5 h. According to 
the manufacturer’s protocols, the inclusion body protein was successfully puri-
fied by a His-tagged inclusion protein purifying kit (Cwbiotech, Beijing, China). 
These purified His-tagged infusion proteins were analysed by Western blot with 
an anti-6X His tag chicken antibody (ab3553; Abcam, Cambridge, UK) and the 
purified IgG prepared by us. 

Antiserum preparation and IgG purification 

Antiserum preparation against NLRP3, ASC and caspase-1 and IgG puri-
fication were performed as described by us previously (Zhou et al., 2013; Ye et 
al., 2015). Briefly, New Zealand white rabbits were immunised using 50 μg of a 
recombinant protein mix with complete Freund’s adjuvant for initial immunisa-
tion at the first two times and with incomplete Freund’s adjuvant for subsequent 
boost at the other three times, at 8-day intervals. Then the antiserum was de-
tected by indirect ELISA and IgG was prepared using a Rapid Antibody Purifica-
tion Kit (Cell Biolabs Inc., Shanghai, China). 

Immunohistochemical detection 

Immunohistochemical detection was performed as described in our previ-
ous reports (Zhou et al., 2013; Huang et al., 2014; Ye et al., 2015). Briefly, the 
sections were incubated with rabbit purified anti-NLRP3, anti-ASC or anti-
caspase-1 purified IgG diluted 400-fold at 37 °C for 2 h. After incubation with 
the appropriate HRP-conjugated mouse anti-rabbit IgG antibody (Cell Signaling 
Technology, Beverly, MA, USA) diluted 2,000-fold at 37 °C for 1 h, the slices 
were washed three times with PBS at 5-min intervals. For visualisation, the DAB 
kit (ZSGQ-BIO, China) was used and counterstained with haematoxylin accord-
ing to the manufacturer’s guidelines. Finally, the sections were dehydrated with 
graded ethanol, vitrified by dimethylbenzene, and deposited in neutral balsam. 
Images were obtained with a Leica DM4000 B LED microscope equipment 
(Leica Microsystems, Germany). 

 
Results 

Sequence analysis of NLRP3, ASC and caspase-1 genes in goat 

The coding nucleotide sequence of NLRP3, ASC and caspase-1 was am-
plified by RT-PCR and the sequences were deposited in GenBank (KM236558 
for NLRP3, KM576768 for ASC and KP999980 for caspase-1). The protein de-
duced on the basis of these nucleotide sequences is composed of 1,031 amino ac-
ids for NLRP3, 196 amino acids for ASC and 403 amino acids for caspase-1. 
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The molecular weights of NLRP3, ASC and caspase-1 proteins were predicted to 
be 117.88023, 22.0967, and 45.33649 KDa, respectively. The isoelectric points 
(PI) predicted using the ProtParam tool (http://web.expasy.org/protparam/) are 
6.40, 5.34 and 7.05, respectively. 

The nucleotide sequences of NLRP3, ASC and caspase-1 were aligned us-
ing the MEGA 5.0 software (Fig. 1). The nucleotide homology between goat 
NLRP3 and that of Bos taurus (NM_001102219), Sus scrofa (NM_001256770), 
Homo sapiens (NM_004895), Macaca mulatta (EU344966), Callithrix jacchus 
(GAMR01008031), Mus musculus (NM_145827), Rattus norvegicus (NM_0011 
91642) and Chinese Yellow Chicken (KF318520) was 97.5%, 90.1%, 82.6%, 
83.9%, 83.1%, 78.1%, 79.4% and 42.7%, respectively (Fig. 1A). The nucleotide 
homology between goat ASC and that of Bos taurus (NM_174730), Sus scrofa 
domesticus (GBZA01000528), Homo sapiens (AF310103), Macaca mulatta 
(NM_001194572), Mus musculus (NM_023258), Rattus norvegicus (NM_172322), 
Xenopus laevis (NM_001092919) and Danio rerio (NM_131495) was 94.6%, 
86.1%, 79.9%, 79.1%, 73.2%, 72.1%, 61.1% and 36.6%, respectively (Fig. 1B). 
The nucleotide homology between goat caspase-1 and that of Equus caballus 
(NM_001081842), Sus scrofa (NM_214162), Bos taurus (XM_592026), Homo 
sapiens (NM_033292), Callithrix jacchus (XM_009006697), Mus musculus 
(NM_009807), Rattus norvegicus (NM_012762), Felis catus (NM_001009365), 
Gallus gallus (AF031351) and Xenopus laevis (NM_001087754) was 84.1%, 
86.3%, 97.4%, 79.1%, 76.6%, 72.0%, 71.1%, 61.2%, 50.3% and 51.3%, respec-
tively (Fig. 1C). 

NLRP3, ASC and caspase-1 mRNA expression levels in various tissues 

The mRNA of NLRP3, ASC and caspase-1 was expressed in all examined 
tissues (Fig. 2). The relative expression level of NLRP3 in the spleen was sig-
nificantly higher than in the heart, liver, lung, kidney, brain and mesenteric 
lymph nodes (P < 0.01) (Fig. 2A). ASC expression levels were higher in the 
liver, spleen, kidney and brain, and lower in the heart, lung and mesenteric 
lymph nodes (Fig. 2B). Caspase-1 expression levels were highest in the liver and 
spleen followed by the mesenteric lymph nodes (MLNs) and lung, and lower in 
the heart, brain and kidney (Fig. 2C). 

Expression plasmid construction of NLRP3, ASC and caspase-1 and  
purification of recombinant proteins 

To confirm whether the expression plasmid pET-32a (+)-NLRP3, pET-
32a (+)-ASC, and pET-32a (+)-caspase-1 was successfully constructed, PCR and 
double enzyme digestion analysis were performed. The expression plasmids for 
NLRP3, ASC and caspase-1 were verified by digestion with SalI and NotI for 
NLRP3, EcoRI and XhoI for ASC, and SacI and XhoI for caspase-1, respec-
tively, and confirmed by sequencing. 
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Fig. 1. Phylogenetic analysis of NLRP3 (A), ASC (B), and caspase-1 (C). The phylogenetic tree 

was conducted in MEGA 5.0 using the neighbour-joining method. Bootstrap values (%) are  
represented at each tree node 

 
These expression recombinant plasmids were transformed into E. coli 

BL21 (DE3). After induction with 1 mM IPTG, the recombinant His-tagged 
NLRP3, ASC and caspase-1 proteins were effectively expressed (Figs 3A, 4A 
and 5A). SDS-PAGE showed that the recombinant proteins were the purified 
proteins consistent with the predicted size (Figs 3B, 4B and 5B). Western blot 
using His-tag antibody and our prepared IgG indicated that the fusion proteins 
were His-tagged NLRP3, ASC and caspase-1 (Figs 3C, 4C, and 5C). 
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Fig. 2. Relative expression levels of NLRP3 (A), ASC (B), and caspase-1 (C) in various tissues of 

Hainan black goat. The expression levels were normalised to β-actin and quantified using the 
2−ΔΔCt formula. All samples were performed in triplicate. The different letters stand for significant  

difference (P < 0.01), while tissues with the same letter show no difference (P > 0.05).  
Data are presented as mean ± standard deviation (SD) 

Antiserum preparation and IgG purification 

After immunisation with purified recombinant NLRP3, ASC and caspase-1, 
antisera with titres higher than 1:1024 as determined by ELISA were collected 
from New Zealand white rabbits. Purified IgG was obtained from these antisera. 
Western blot analysis showed that the IgG could specifically recognise the puri-
fied proteins (Figs 3D, 4D and 5D). 

Immunohistochemical detection of NLRP3, ASC and caspase-1 

Immunohistochemical analysis showed the histological distribution of 
NLRP3, ASC and caspase-1 proteins in the tissues of Hainan black goats. In the 
heart, the myocardial cells exhibited moderate to strong positive staining for 
NLRP3, ASC and caspase-1, while staining of the connective tissues was nega-
tive (Fig. 6A–C). In the liver, almost all hepatocytes were strongly positive in the 
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cytoplasm and partially positive staining appeared in the nuclei of hepatocytes, 
while the endothelial cells of the hepatic sinus were moderately positive for 
NLRP3 and ASC and weakly positive for caspase-1 (Fig. 6D–F). In the spleen, 
the lymphocytes were weakly positive and the endothelial reticular cells were 
moderately positive for NLRP3 protein expression (Fig. 6J). However, the endo-
thelial reticular cells and the focal lymphocytes in the splenic corpuscle showed 
moderate or medium to strong positive staining for ASC and caspase-1 (Fig. 6H 
and I). In the lung, cells of the bronchiolar epithelial cells stained strongly positive 
for NLRP3, ASC and caspase-1, while the alveolar epithelial cells of the pulmo-
nary alveoli exhibited weak to medium positive staining (Fig. 6J, K and L). In 
the kidney, the renal tubular epithelial cells showed strong positivity for NLRP3, 
ASC and caspase-1 while cells in the glomerulus and the Bowman’s capsules 
stained negative (Fig. 6M, N and O). In the brain, the NLRP3-positive cells in-
cluded some neurons in the cerebral cortex which showed medium to strong 
staining, while the matrix exhibited very weak positive staining (Fig. 6P). The 
ASC-positive cells were primarily cortical neurons with strong positivity in the 
matrix (Fig. 6Q). For caspase-1 in the brain, the cortical neurons exhibited weak 
to moderate positivity with negative staining of the matrix (Fig. 6R). In the mes-
enteric lymph nodes, endothelial cells of the germinal centre showed strong posi-
tivity for NLRP3, ASC and caspase-1. Moreover, a strong positive staining for 
caspase-1 was also found in the diffuse lymphoid tissue (Fig. 6S, T and U). 

 
Fig. 3. Analysis of the His-tagged NLRP3 protein expressed in E. coli BL21 (DE3). A: Lane M, 

the protein marker; Lane 1, total protein from E. coli BL21 (DE3) transformed with plasmid  
pET-32a (+)-NLRP3 without IPTG induction; Lane 2, total protein from E. coli BL21 (DE3)  
transformed with plasmid pET-32a (+) after induction by IPTG at 37 °C for 5 h; Lane 3, total  

protein from E. coli BL21 (DE3) transformed with plasmid pET-32a (+) without IPTG induction; 
Lane 4, total protein from E. coli BL21 (DE3) transformed with plasmid pET-32a (+) after  

induction by IPTG at 37 °C for 5 h. B: Lane 5, the purified NLRP3 fusion protein; Lane M, the 
protein marker. C: Lane 6, Western blot analysis of His-tagged NLRP3 using purified IgG  

prepared by us. D: Lane 7, Western blot analysis of His-tagged NLRP3 using antibody against with 
His-tag. Arrowheads indicate the position of the His-tagged NLRP3 protein 
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Fig. 4. Analysis of the His-tagged ASC protein expressed in E. coli BL21 (DE3). A: Lane M, the 
protein marker; Lane 1, total protein from E. coli BL21 (DE3) transformed with plasmid pET-32a 
(+)-ASC without IPTG induction; Lane 2, total protein from E. coli BL21 (DE3) transformed with 

plasmid pET-32a (+)-ASC after induction by IPTG at 37 °C for 5 h; Lane 3, total protein from  
E. coli BL21 (DE3) transformed with plasmid pET-32a (+) without IPTG induction; Lane 4, total  

protein from E. coli BL21 (DE3) transformed with plasmid pET-32a (+) after induction by IPTG at 
37 °C for 5 h. B: Lane 5, the purified ASC fusion protein; Lane M, the protein marker. C: Lane 6, 
Western blot analysis of His-tagged ASC using purified IgG prepared by us. D: Lane 7, Western 
blot analysis of His-tagged ASC using antibody against with His-tag. Arrowheads indicate the  

position of the His-tagged ASC protein 

 
Fig. 5. Analysis of the His-tagged caspase-1 protein expressed in E. coli BL21 (DE3). A: Lane M, 

the protein marker; Lane 1, total protein from E. coli BL21 (DE3) transformed with plasmid  
pET-32a (+)-caspase-1 without IPTG induction; Lane 2, total protein from E. coli BL21 (DE3) 

transformed with plasmid pET-32a (+)-caspase-1 after induction by IPTG at 37 °C for 5 h; Lane 3, 
total protein from E. coli BL21 (DE3) transformed with plasmid pET-32a (+) without IPTG  

induction; Lane 4, total protein from E. coli BL21 (DE3) transformed with plasmid pET-32a (+)  
after induction by IPTG at 37 °C for 5 h. B: Lane 5, the purified caspase-1 fusion protein; Lane M, 

the protein marker. C: Lane 6, Western blot analysis of His-tagged caspase-1 using purified IgG 
prepared by us. D: Lane 7, Western blot analysis of His-tagged caspase-1 using antibody against 

with His-tag. Arrowheads indicate the position of the His-tagged caspase-1 protein 
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Discussion 

The NLRP3 inflammasome plays an important role in the inflammatory 
response in infectious diseases. To the best of our knowledge, there is no report 
about the basic data of gene sequence, expression profile and histological distri-
bution of NLRP3, ASC and caspase-1 in goat. Sequence analysis of these goat 
genes with other organisms including humans, mice and chickens showed a huge 
discrepancy which implies either a similarity or a different role. Data of the se-
quence analysis of NLRP3, ASC and caspase-1 in goat will enrich the data serv-
ing for comparison between species. Antigenic determinant analysis suggested 
that these goat genes differed from those of other organisms except Bos taurus, 
but a corresponding antibody is lacking and the existing antibodies cannot be 
used. In this study, we purified the recombinant prokaryotic expression proteins 
and prepared polyclonal antibodies for NLRP3, ASC and caspase-1 in goat. 
ELISA and Western blot analysis showed that the prepared antibodies can be 
used for further research into the function of these genes. 

In goat, NLRP3, ASC and caspase-1 were expressed in all tissues exam-
ined, as determined by real-time quantitative PCR and immunohistochemical de-
tection. The expression pattern of NLRP3 has been previously reported in several 
animal species such as human, mouse, pig and chicken (Anderson et al., 2004; 
Kummer et al., 2007; Tohno et al., 2011; Huang et al., 2014; Ye et al., 2015). 
The expression of NLRP3 was significantly higher in the spleen than in the heart, 
liver, lung, kidney, brain and mesenteric lymph nodes of goat, which is consis-
tent with the findings previously reported in the pig (Tohno et al., 2011). How-
ever, NLRP3 is most abundant in the trachea and lung of chicken (Ye et al., 2015). 
Goat NLRP3 is mainly located in cells of the bronchial and bronchiolar epithe-
lium, the renal tubular epithelial cells and the endothelial cells of the germinal 
centre. Moreover, the hepatocyte nuclei are also positive, but NLRP3 predomi-
nantly shows a cytoplasmic staining. Presumably NLRP3 plays a role in both the 
inflammasome and the nuclear functions. The gene expression profile of ASC 
showed that ASC mRNA was abundantly expressed in the liver, spleen and kid-
ney; this is consistent with previous reports of ASC being highly expressed in the 
spleen in humans and mice (Masumoto et al., 1999; Masumoto et al., 2001a, 2001b). 
Intriguingly, immunohistological analysis of ASC protein expression showed 
strong positive staining in hepatocytes, focal lymphocytes and renal tubular 
epithelial cells, which is consistent with the significantly higher expression level 
← 

Fig. 6. Histological distribution of NLRP3, ASC, and caspase-1 in tissues of Hainan black goat. 
The scale bar is 50 μm. A, B, and C: heart – NLRP3, ASC and caspase-1, respectively. D, E, and  

F: liver – NLRP3, ASC and caspase-1, respectively. G, H, and I: spleen – NLRP3, ASC and  
caspase-1, respectively. J, K, and L: lung – NLRP3, ASC, and caspase-1, respectively. M, N, and 

O: kidney – NLRP3, ASC and caspase-1, respectively. P, Q, and R: brain – NLRP3, ASC and  
caspase-1, respectively. S, T, and U: MNLs – NLRP3, ASC and caspase-1, respectively 
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of mRNA. These data suggest that ASC may participate in the metabolism of 
substances and host defence against invading pathogens. The mRNA of caspase-
1 in goat is abundantly expressed in the liver, spleen and MNLs, with a low level 
in the heart and brain; regarding the spleen, heart and brain this is consistent with 
data previously reported in humans (Lin et al., 2000). The immunohistochemical 
results showed that caspase-1 protein was found in the splenic corpuscle and the 
diffuse lymphoid tissue, which implies a post-translational regulation and a po-
tential mechanism of the host defence response. In addition, the epithelial cells of 
the bronchi and bronchioles and the renal tubules showed strong positive stain-
ing, while the glomeruli and the Bowman’s capsules were negative. These or-
gans are the main sites of pathogenesis in many diseases, such as acute respira-
tory distress syndrome (Dolinay et al., 2012) and infection with bacteria and vi-
ruses (Bruno et al., 2012; Bauer et al., 2012). Although there is a significant dif-
ference in the expression profiles of NLRP3, ASC and caspase-1 among different 
species, the largest lymph organ – the spleen – contained abundant amounts of 
these genes, indicating that they may play a key role in the innate immune and 
inflammatory response. 

The results presented here, showing the gene characteristics, expression 
profile and tissue distribution of goat NLRP3, ASC and caspase-1, will provide 
basic data for further investigations into the biological characteristics and functions 
of the NLRP3 inflammasome, as well as for the prevention and control of in-
flammatory diseases of goats. 
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