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ABSTRACT

Solute carrier family 11 member 1 {SLC11A1) plays an important role in the innate immune
response against intracellular pathogens. To evaluate effect of SLC11A1 gene on immune response
capacity in pigs, one SNP in intronl was demonstrated by PCR-RFLP and sequencing method.
Immune response traits include six normal hematology traits (white blood cell, red blood cell,
hemoglobin, granuleeyte, lymphoeyte and monocyte), four T lymphocyte subpopulations
(CD4-CD8, CD4-CD8*, CD4'CD8~, CD4'CD8" and CSFV antibody titer were measured in three
pig breeds (Large White, Landrace and Songliao Black) after vaccinated with classical swine fever
live vaccine at the 21st day after birth. The further asscciation analysis between the SNFP genotype
and immune respense traits were conducted. The SNP of SLC11A1 gene had significant effect on
level of monocyte (p =0.010) and CD4 CD8' percentage (p =0.041). The animals with AA genctype
had significant higher monocyte and CD4~CD8" percentage than that of animals with GG and GA
genotype (p<0.05). Present results also suggest that SLC11A1 could be a marker gene for genetic
selection of disease susceptibility in pigs.
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INTRODUCTION

(enetic regulation of immune response and selection for disease resistance in livestock has been
documented and should be considered as an economical and prophylactic approach to improve
animal health (Stear et al., 2001; Crawley ef al., 2005). In animals, the heritability estimates for
antibody and cell-mediated immune responses are moderate to high indicating that genetic selection
is feasible (Mallard ef al., 1989). The advances in animal genomics provide possibihties to determine
the genetic markers related to the immune response, which will be greatly helpful to breeding for
disease resistance through marker-assisted selection (Gholizadeh et al., 2008).

The solute carrier family 11 member 1 (SLC11A1) also called NEAMFI1 gene and is the first
positional cloned gene related to infectious disease susceptibility in mouse (Vidal ef al., 1993). In
mammals, SLC11Al gene is associated with the transport of iron and other divalent cations, the
transition metal irons are essential for many cellular functions, including regulation of transeription
through DINA binding proteins and metal response elements (Blackwell et al., 2003). SLC11A1 is
also involved in the innate immune response against pathogens (viral, bacterial and protozoan)
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{Awomayi, 2007). The association of the polymorphisms of the SLC11A1 gene with the resistance
or susceptibility to some specific diseases has been demonstrated in some species, e.g., pediatric
tuberculosis disease (Malik et al., 2005) and pulmonary Mycobacterium avium complex infection
in human (Tanaka et «l., 2007); the Salmonella typhimurium, Leishmania donovani and
Mycobacterium bovts BOG in mouse (Vidal ef al., 1993); salmonellosis in chicken (Hu et af., 1997);
leishmaniasis in dog (Sanchez-Robert et al., 2005); rhodococcus equi pneumonia in  horses
{Halbert et al., 2008) and Brucella abortus in water buffalo (Capparelli et al., 2007). The cDNA of
the porcine SLC11A1 gene has been reported (Tuggle ef al., 1997) and several SNFPs were also
detected and some were found to be associated with the fecal bacteria counts of piglets after
challenging with Salmonella cholevasuis (Tuggle et ai., 2005).

Considering its important role on defending bacterial and viral infection of SLC11A1 gene in
human and amimals, in this study, we analyzed the association between the polymorphisms in
intron 1 of the SLLC11A1 gene and some indicators of innate immune response to evaluate its
potential effects in three pig breeds including Large White, Landrace and Songliao Black pig, one
Chinese native breed.

MATERIALS AND METHODS

Animals: The pigs used in this study are consisting of 345 pigs, including 77 Landrace, 180 Large
White and 88 Songliao Black pigs {a Chinese indigenous breed). All pigs were raised in 2007, 2008
and under standard indoocr conditions at the experimental farm of the Institute of Animal Sciences,
Chinese Academy of Agricultural Sciences, Beijing, China. At 21 days of age, all pigs were
vaccinated with Classical Swine Fever (CSF) live vaccine. The first blood samples were collected
from each piglet. one day before the vaccination (day 20) and two weeks after the vaccination, the
second blood samples were collected (day 35). All blood samples were directly injected into
VACUETTE® Serum Clot Activator tubes. Ear tissue samples of all pigs were also collected for DINA
extract.

Gene amplification by polymerase chain reaction: Polymerase chain reaction (PCR) was
performed to amplify the 935 bp fragment of the SLC11A1 gene which comprises the upstream
5 UTR, exon 1 and intron 1 regicn, using the forward primer (F 5- TGAACACTTCATTTAACAGAA
3A-3) and the reverse primer (R 5-GGCTCTGAGCAGGGAAGACT-3) as described by
Tuggle et al. (2005).

The PCR reactions were carried out in a total volume of 25 pLi solution containing 2.5 pl. PCR
buffer, 200 puM of each dNTF, 25 pmol of each primer and 1.5U Tax pelymerase (TaKaRa
Biotechnology, China). The PCR program was performed in a MdJ Research PTC-200 Thermal
Cycler (BIO-RAD, USA) under the following reaction procedure: initial denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at 94°C for 45 sec, annealing at 62°C for 35 sec and
extension at 72°C for 1 min with a final extension step at 72°C for 5 min.

Polymorphism detection by PCR-RFLP: The SNP in the 935 bp fragment of the SLC11A1
gene which have been revealed by Tuggle et al. (2005) was detected in our experimental pigs. For
detection of the SNP, the PCR products (6 puL) were digested with 10 U of Smal enzyme (TaKaRa
Biotechnology, China), mixed with 2 pl. of 10xT buffer and 2 pl. 0.01% BSA and added water up
to 20 uL. The mixtures were incubated at 37°C overnight, then the digested PCR products
were analyzed by 3~4% agarose gel electrophoresis and ethidium bromide staining. The gel was
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visualized by Gel Doc XE system (Bio-REad, Hercules, CA, USA). The genotypes were identified
according to the restriction fragment patterns and later confirmed by sequencing in ABI PRISM

377 DNA sequencer (Applied Biosystems, CA, USA).

Measurement of clinical phenotypes: For all piglets, the following clinical phenctypes were
measurad.

CD4/CD8 T lymphocyte subpopulations: The percentages of various CD4/CD8 T lymphocyte
subpopulations were cbtained by the double cytofluorometric analysis. The blood cells were
incubated with 10 pL of mouse anti porcine CD4-FITC (Serotec UK) and 10 pL of mouse anti
porcine CD8-RPE (Serotec UK) for 30 min and then washed with 0.1 M PBS (pH 7.2, containing
0.3% bovine serum albumin). The red blood cells were digested by 0.1% ammonium oxalate
solution. The stained cells were detected by EPICS Flow Cytometer (Beckman-Coulter Company,
USA).

Normal hematology values: The normal hematology values, including white blood cell (WBC),
red blood cell (RBC), hemoglobin (HGB), granuloeyte (GR), lymphocyte (LY) and monocyte (MQO),
All blood samples were directly injected into VACUETTE® Serum Clot Activator tubes for detection
of blood routine parameters and T lymphoeyte subpopulation; at the same time, serum samples
were also isolated for lysozyme concentration detection. All these hematological parameters were
measured by MEK-6318K type full automatic Hematology Analyzer (Nihon Kohden, Japan).

CSFV antibody titer: The serum samples were tested for the presence of antibodies against CSFV
with the commercialized ELISA assays HerdCheck C5FV AB (IDEXX) following the instructions
given by the manufacturers. The percentage inhibition (PI) for each sample was calculated by the
formula as described by Ghaderschi et al. (2005):

PI = (OD,-0D)/(OD,-0Dy)

where, ODy, OD; and ODy are the OD value of negative, tested and positive sample respectively.
The CSFV antibody titer (Y) was estimated using the regression equation:

Log,Y =-7.56 + 56.41PI1-83.85P1* + 44.66PI° (R = 0.993)

Statistical analysis: Association analysis between the polymorphisms of the 5LLC11A1 gene and
the clinical phenotypes were performed using PROC MIXED of SAS9.13 (SAS Instatute, Cary, NC,
UUSA). The model was as below following:

Yijklmno = I + Si+ Ser + Bk+ G1+ Prm + dkmn + ylijklmno+ eijklmno

where, Y., 1s the observation on the 35th day immunology traits; p is the overall mean; 5, is the
effect of the ith season; Sex; is effect of the jth sex; B, is the effect of the kth breed; GG, is the effect
of the Ilth Smal-restriction fragment length polymorphism (RFLF) genotype; p,, 1s the random
effect of the mth sire within breed; d
Y1linmne 18 the covariate of the observation on the 20th day immunology traits and e
random residual effect.

is the random effect of the nth dam within breed and sire;
is the

kmn

fjklmnop
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RESULTS AND DISCUSSION

Genotype and allele frequencies: A 935 bp amplified product was obtained by FCR
amplification in all animals. For the SNP, there is a restriction site for restriction enzyme Smal at
site 506 which leads to the 935 bp fragment being cut down to a 505 and 430 bp fragment. The
A—Gtransversion at site 738 in intron 1 forms ancther restriction site for Smal enzyme. When the
A—CG mutation is present, the 430bp fragment was further cut down to a 232 and 198 bp fragment.
Therefore, three patterns of restriction fragments were clearly observed after digestion with Smal
enzyvme (Fig. 1). A total of 345 DNA samples from animal population were genotyped and allele
frequencies were determined for each breed (Table 1). Genetic variation analysis demonstrated that
the allele G is obviously dominant in three detected breeds. In contrast, the allele A has lower
frequencies and AA genotype i1s not detected in Large White and Songliao Black pig. These results
are consisting with that of Tuggle ef al. (2005) reported.

Association analysis: Association analysis results of immune response traits and SNP genotypes
were shown in Table 2, the SNP of SLC11A1 gene had significant effect on level of monocyte
(p =0.010) and CD4~CD8" percentage (p = 0.041). The monocyte and CD4~CD8" percentage of the
AA genotype were significantly higher than those of the GG and GA genotype (p<0.05).
Tuggle et al. (2005) also investigated the association between the SNFP and disease resistant traits
measured after challenged with Salmonella cholevasuis, however, they did not find any significant,
association between the SINP and monocyte and lymphocyte. Instead, a significant association
between both the SNP and the fecal Salmonella count was found. These disagreements may be due
to a different pig population and immune response traits and challenged different pathogen.
Monocytes play critical roles in immunopathology. The increase of the percentage of monocytes
in pigs after acute CSFV infection has been reported (Lee et al., 1999). When infected by CSFV,
they produce immunomodulatory and vascactive factors, such as prostaglandin E2 (PGE2), which
can enhance the proliferation of lymphoecyte (Knoetig et «l., 1999) and monocyte precursor cell

" 6 66 GG GG GG AA AG GG
- 8 _F F E B & & 506bp
- 430 bp
232 bp
198 bp

Fig. 1: PCR-Smal-RFLF analysis of the porcine SLC11A1 gene. The first lane is marker. DNA
molecular weight marker; Lane GG, AG and AA represent, different genotypes

Table 1: Genotype and allele frequencies of the SL.O11A1 gene determined by PCR-RFLP in three pig breeds

Genotype frequencies Allele frequencies
Breed Nao. GG AG AA G A
Large white 180 0.66 0.34 0.00 0.83 0.17
Landrace 77 0.67 0.20 0.13 0.77 0.23
Songliao black 88 0.78 0.22 0.00 0.89 011

583



Astan J. Antm. Vet. Adv., 6 (6): 580-586, 2011

Table 2: Association analysis of the SNP genotypes of SL.O11A1 gene with immune response traits and antibody level in three pig breeds

Genotypes (Least square Means+SE)

Traits® GG (o= 244) GA (m =99 Al (n = 20) p-value
WBC(L™ 18.61+0.81 19.10+0.97 19.05+4.28 0.810
RBC(gL™ 6.30+0.11 6.11+0.16 6.20+0.89 0.461
HGB (g LY 118.85£2.55 118.10+3.26 119.42+16.16 0.965
GR% (%) 26.12+1.36 24.76+1.78 11.85+9.24 0.232
LY % (%) £59.2241.28 60.60+£1.71 62.8449.14 0.654
MO % (%) 14.80+0.62" 14.96+0.744 25.18+3.418 0.010**
CD4-CD8 (%) 34.41+0.80 33.85+0.94 20.53+4.06 0.082
CD4*CD8™ (%) 13.70+0.46 13.64+0.58 0.38+2.88 0.404
CD4~CD8* (%) 39.64+0.75° 40.38+0.92° 58.15+4.26° 0.041*
CD4*CD8" (%) 10.41+0.46 10.43+0.56 11.62+2.49 0.905
CSFV Ab(log y) 56.64:16.22 58.77£16.72 60.83+:34.69 0.810

WBC: White blood cell count; RBC: Red blood cell count; HGB: Hemoglobin; GR%: Neutrophilic granulocyte count percentage; L'Y%:
Lymphaocyte count percentage; MO%: Percentage; CD4" CD8" T-lymphocyte subsets; CSFV Ab, classical swine fever virus antibody titer.
2Signed by small letters differ significantly at p=<0.05. “PMeans signed by capital letters differ significantly at p=<0.01

(Sluiter et al., 1982). Therefore, the more active the monocytes, the more monocyte precursor cells
will be produced. SLC11A1 mediates the iron homeostasis in monocytesfmacrophages and hence
modulates their response to acute inflammatory stimuli (Wyllie et al., 2002). So, the higher
percentage of monocytes in animals with AA genotype in our study may imply that the AA
genotype may enhance the activity of the monocytes by mediating the iron homeocstasis in
monocytes.

The CD4~CD8" T Lymphocytes also play an important role in disease resistance. Pauly ef al.
{1995) reported that CD47CD8' could mediate the activity of the CSFV-specific cytotoxic T
lymphocyte. Suradhat et al. (2005) also found that CD47CD8" had an effect on the cytokine
production following the CSFV challenge. The differentiation of the T Lymphocyte into CD4/CIDD8
subpopulation is regulated by some cytokines, such as interferon v (IFN-y), interleukin 6(IL-6) and
tumor necrosis factor o (TNF-¢), secreted by the antigen-presenting cells {(APCs) such as
macrophages, which in turn is regulated by the SLC11A1 gene (Smit et al., 2004). Therefore, the
higher CD4 " CD8' percentage in amimals with AA genotype in our study indicate that AA genctype
may enhance the differentiation of the T Lymphocyte into CD4~CD8" by regulating the activity of
APCs.

In summary, a SNP of the SLC11A1 gene was identified by PCR-EFLP and the association of
polymorphism of the SLC11A1 gene with the percentage of monocyte and CD4-CD8" T Iymphocyte
subpopulation were firstly found; these results should supply some useful information for
understanding the relationship between the SLC11A1 gene and immune responses in pigs.
However, the polymorphism analyzed is not functional mutation and the small number pigs with
AA genotype of the SNP 1s found, it should be need to confirm genetic variation among other pig
populations in further studies.
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