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ABSTRACT. Systemic lupus erythematosus (SLE) is an autoimmune
connective tissue disease that affects multiple organs and diminishes a
patients’ quality of life. It has been suggested that interleukin 19 (IL19) is engaged in intercellular signal transduction, which is related
to the immune response and the local inflammatory reaction. Single
nucleotide polymorphisms (SNPs) have been used to explore the
genetic basis underlying the pathogenesis of SLE. In this study, we
investigated the potential correlation between the functional IL19 SNP
rs2243188 and SLE. The frequency of allele C in rs2243188 was lower
in the SLE population, particularly when the dominant inheritance
model was applied. There was also a significant difference in the allele
C frequency between the lupus nephritis (LN) and non-LN groups in
both the dominant and recessive inheritance models. In addition, we
identified significant differences in the serum IL-19 levels between the
different classes of SLE. Although this study is still at the preliminary
stage, the correlations between the IL19 SNP and SLE, and between the
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IL-19 levels and the different subclasses of SLE provide a reference for
further exploration.
Key words: Single nucleotide polymorphism; Lupus nephritis; IL-19;
Systemic lupus erythematosus; Hardy-Weinberg equilibrium

INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoimmune connective tissue disease that
affects multiple systems and multiple organs, and diminishes the quality of life of patients
(Agmon-Levin et al., 2012). Currently, the disease is more prevalent in young women, and
the occurrence of early-onset, mild, and atypical cases has been increasing (Danchenko
et al., 2006). Some patients show “temporary” onset and recover after a few months of
treatment; some severe cases (except patients with diffuse proliferative glomerulonephritis)
can be alleviated without therapeutic interference. SLE is distributed widely and displays
a distinct distribution pattern in relation to race, region, age, gender, and the individual
(Vyse and Kotzin, 1998; Yang et al., 2010; Cui et al., 2013). The relevant data show that the
incidence of SLE in China is about 5/10,000: higher than in Japan, or European and American
countries (Godarzi et al., 2011; Cui et al., 2013). Concurrently, there is evidence that the
pathogenesis of SLE is associated with familial genetics (Shai et al., 1999; Wakeland et al.,
2001; Mangale et al., 2013), ultraviolet radiation (McGrath Jr., 1994; McGrath et al., 1996),
estrogen levels in vivo (Lahita, 1999; Pierdominici and Ortona, 2013; Young et al., 2014),
drugs (Fernandes Moça Trevisani et al., 2013; Gurevitz et al., 2013; Hahn, 2013), and food
and infections (Sciascia et al., 2012; Touma et al., 2013), etc. However, the pathogenesis of
SLE requires further investigation.
The proliferation, differentiation, and function of cells in the immune system are
subject to regulation by a series of cytokines, which can be divided into the following categories
based on structural homology: the protein family, the hematopoietic growth factor family, and
the tumor necrosis factor family (Paik et al., 2007) (Paik et al., 2007). The protein family
includes interleukin families 1, 6, and 16. Interleukin 19 (IL-19), a member of the interleukin
16 family, comprises 153 amino acids with an alpha helical structure. IL-19 not only regulates
and promotes the proliferation of antigen-presenting cells, but also binds IL-20R-α and IL20R-β to jointly complete intercellular signal transduction (Papatriantafyllou, 2013a,b). STAT1 and STAT-3 are activated by IL-19 (Wang et al., 2012; Fonseca-Camarillo et al., 2014).
Moreover, IL-19 is involved in the immune response, is correlated to the local inflammation
reaction and tissue injury, and it serves as a signal transduction factor. A single nucleotide
polymorphism (SNP) is a DNA sequence polymorphism generated by a single nucleotide
mutation at the genomic level. SNPs are one of the most common heritable mutations in the
human genome, and account for more than 90% of all known polymorphisms (Han et al.,
2009; Cui et al., 2013). With the rapid development of molecular biology, the examination of
SNPs has become a common tool for exploring the genetic basis of common and complicated
diseases, and for identifying susceptible genes. SNPs have been used to identify associations
between interleukins and SLE (Ni et al., 2014; Qi et al., 2015). In this study, we investigated
the correlation between the level of serum IL-19 and the IL-19 gene (IL19) SNP rs2243188
with the incidence and clinical characteristics of SLE. To do this we determined the genotypes
and gene frequencies of rs2243188 in SLE patients and healthy people.
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MATERIAL AND METHODS
Research subjects
The experimental group comprised 548 SLE patients diagnosed in the Department of
Rheumatology at our hospital between September 2012 and May 2014, comprising 51 males
(9.3%; 17-41 years old; average age 24.5 + 8.1 years), and 497 females (90.7%; 15-49 years
old; average age 23.9 + 7.8 years). The classification of SLE was conducted according to
the 1997 revision of the American College of Rheumatology (ACR) guidelines. The control
group comprised 548 healthy people who had been physically examined in our hospital in
May 2014: 53 males (9.7%; 17-42 years old; average age, 25.1 + 7.9 years), and 495 females
(90.3%; 16-49 years old; average age 24.2 + 8.2 years). The control subjects were selected
according to the following criteria: they did not meet any of the items in the 1997 ACR-revised
diagnostic classifications standard for SLE; neither they nor their immediate relatives had any
autoimmune diseases; and they were not receiving any long-term medication.
Written informed consent was obtained from all participants, and the study met with
the approval of the Research Ethics Committee of our hospital.

IL19 SNP treatment
In the present study, the IL90 gene rs2243188 locus was selected as a research target
because this locus has low minor allele frequency and has a group of functional SNPs. We
investigated the relationship between the rs2243188 SNP and SLE by processing the sera of
the experimental and control groups as follows. We collected 2-mL venous blood samples
from each subject, extracted the human peripheral blood DNA, and marked and genotyped
the DNA using the following procedure: 1) we added and thoroughly mixed 5 mL cell lysis
buffer (FG1), and centrifuged the mixture at 5000 rpm for 10 min; 2) after centrifugation, we
removed the supernatant, added 0.5 mL FG2/Qiagen protease mixture, and stirred until the
blood cells were fully disrupted; 3) we centrifuged the lysate, added 1 mL isopropanol, and
re-centrifuged at a low speed for 5 min; 4) after centrifugation, we removed the supernatant,
immersed the settled substances in 1.5 mL 75% alcohol, and re-centrifuged at a low speed
for 10 min; 5) we added DNA lysis buffer (FG3) to the precipitate, and mixed in a water-bath
at 70°C; and 6) we subjected the DNA lysate to agitation for 6 h, and harvested the human
peripheral blood DNA after electrophoresis.

Determination of IL-19 serum levels
A human serum IL-19 enzyme-linked immunosorbent assay (ELISA) kit (96-well and 48well) was used to measure the optical density (OD) at 450 nm of 1.5 mL serum from each subject.
We used the following reagents: DNA lysis buffer (FG3), double-distilled water (ddH2O), cell lysis
buffer (FG1), ultra-pure water, and a human serum IL-19 ELISA kit (96-well and 48-well).
We used the following instruments: an ultra-pure water generator (Chongqing Aikepu
Co., Ltd., CN), a polymerase chain reaction (PCR) Master Mix (ABI, USA), a -80°C Sanyo
refrigerator (Sanyo Motor Co., Ltd., JP), a Meiling BCD-251 refrigerator (Hefei Meiling Co.,
Ltd.), a PCV-3000 low-temperature and high-speed centrifuge (Grant Bio, UK), and an ELX800 microplate reader (BioTek Instruments Equipment Co., Ltd., USA).
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Statistical processing
SPSS13.0 statistical software was used for statistical analyses. Data are reported as
means ± SE. Counting data are expressed as compositional ratio and rate. The t-test was used
for inter-groups contrasts, and the chi-square test was used for inter-group comparisons. The
rank sum test was used for grading data. Differences were considered statistically significantly
when P ≤ 0.05.

RESULTS
Common data contrast results
All participants were of Chinese Han descent. There were no significant differences
between the experimental and control groups in age and gender stratification (P > 0.05, Table 1).
Table 1. Comparison of age and sex ratio in the experimental and control groups.
Group
Experimental
Control

Age
24.1 ± 8.4
24.5 ± 7.9

Sex ratio (male/female)
51/497
53/495

Correlation between the IL19 SNP and SLE
Comparison between the rs2243188 locus polymorphism in IL19 and SLE genetic
susceptibility
Genotyping of the rs2243188 locus in the IL19 gene was carried out by PCR. The
rs2243188 locus in both groups met the Hardy-Weinberg equilibrium test (Figure 1).

Figure 1. shows that there was no significant difference between the experimental and control groups in the
distribution of genotype frequency. We calculated the allele frequency and genotype distribution in the dominant/
negative model in genotyped rs2243188 loci A and C (Table 2).
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Table 2 shows that there was a significant difference in the frequency of the C allele
of rs2243188 (P < 0.05). The gene frequency distribution was significantly different in the
dominant inheritance model (P < 0.05), while the difference was not significant for the
recessive inheritance model (P > 0.05).
Table 2. Gene frequency distribution of the rs2243188 locus of the IL19 gene in the experimental and the
control groups.
rs2243188

Allele

Experimental group [N (%)]
Control group [N (%)]

A
375 (68.4%)
364 (66.4%)

C
173 (31.6%)
185 (33.6%)

Dominant model
AA
CC + CA
255 (46.5%)
293 (53.5%)
234 (42.7%)
314 (57.3%)

Negative model
CC
AA + CA
53 (9.7%)
495 (90.3%)
56 (10.2%)
492 (89.8%)

Comparison of the rs2243188 locus in IL19 in lupus nephritis (LN)
LN is an important clinical symptom of SLE. The clinical symptoms of renal
involvement include proteinuria, the presence of red and white blood cells in the urine, a
decline in glomerular filtration function, and renal tubular dysfunction. LN has a serious impact
on SLE recovery and is one of the causes of death from SLE. Therefore, we investigated the
relationship between the rs2243188 locus of the IL19 gene and LN. In the experimental group,
261 patients had LN symptoms, i.e., 47.6% of the total number in the experimental group. See
Table 3 for gene frequency distribution.
Table 3. Gene frequency distribution of the rs2243188 locus of the IL19 gene in the lupus nephritis (LN) and
non-LN patient groups.
rs2243188
LN (N (%))
Non-LN (N (%))

Allele
A
195 (35.6%)
180 (32.8%)

C
80 (14.6%)
93 (17.0%)

Dominant model
AA
CC+CA
130 (23.7%)
157 (28.6%)
125 (22.8%)
136 (24.8%)

Negative model
CC
AA + CA
31 (5.7%)
210 (38.3%)
22 (4.0%)
285 (52.0%)

Table 3 shows that the frequency distribution of minor allele C was significantly
different (P < 0.05). Significant difference was also found between the LN and non-LN groups
in both the dominant and recessive inheritance models (P < 0.05).

Correlation between the level of serum IL-19 and SLE
To make the data comparable, we divided the SLE patients into nine groups: malar
rash, arthritis, oral ulcer, discoid lupus, light sensitivity, hypo-complement, fever, hematuria,
and proteinuria groups. The malar rash group contained 60 patients and the other groups had
61 patients each. The serum IL-19 levels in the nine groups were determined and the results
are listed in Table 4.
The rank sum test on two samples as per the results in Table 4 showed that the
differences in serum IL-19 levels in the oral ulcer, light sensitivity, and hematuria groups were
significant (P < 0.05), but there were no significant differences in the other groups. Table 4
also indicates that the serum IL-19 levels in the positive patients in the oral ulcer, hematuria,
and proteinuria groups were 78.3, 32.1, and 20.6% higher than those in the negative patients,
respectively; the serum IL-19 levels in the positive patients in the light sensitivity and discoid
lupus groups declined significantly.
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Table 4. IL-19 serum levels in the systemic lupus erythematosus (SLE) patients.
Clinical symptom group
Malar rash
Arthritis
Oral ulcer
Discoid lupus
Light sensitivity

Test
result
1
0
1
0
1
0
1
0
1
0

Cases
[N (%)]
30 (5.5%)
30 (5.5%)
37 (6.8%)
24 (4.4%)
3 (0.5%)
58 (10.6%)
13 (2.4%)
48 (8.8%)
2 (0.4%)
59 (10.8%)

Serum IL-19
level (pg/mL)
33.01
32.05
31.94
33.96
56.87
31.9
25.99
33.56
19.8
33.26

Clinical symptom group
Hypo-complement
Fever
Hematuria
Proteinuria

Test
result
1
0
1
0
1
0
1
0

Cases
[N (%)]
25 (4.6%)
36 (6.6%)
17 (3.1%)
44 (8.0%)
19 (3.5%)
42 (7.7%)
23 (4.2%)
38 (6.9%)

Serum IL-19
level (pg/mL)
36.97
33.24
30.25
32.94
42.06
31.85
38.56
31.97

“1” indicates that the patients suffered from the symptom and “0” indicates they did not.

CONCLUSIONS
To date, no concordant conclusion has been drawn on the pathogenesis of SLE.
Previous research has suggested that genetic factors are significantly associated with the
disease. Therefore, it is very important to screen and investigate the genes that are related
to SLE susceptibility. Additionally, some researchers think that the serum IL-19 level can
affect normal kidney activity and cause SLE (Barrett et al., 2009; Leffler et al., 2014) (Leffler,
Bengtsson, and Blom 2014; Barrett et al., 2009). To explore the correlation between the serum
IL-19 level, SNPs, and SLE, the rs2243188 locus was investigated in the present paper. The
allele frequency of rs2243188 was subjected to the Hardy-Weinberg equilibrium test, and
a correlation between the rs2243188 SNP and LN was found. In addition, ELISA revealed
that the serum IL-19 level and rs2243188 SNP locus in the IL19 gene in 548 SLE patients
of Chinese Han descent were highly correlated to genetic susceptibility to the disease10.
The allele C frequency in rs2243188 in the Chinese Han population was correlated with a
lower incidence of SLE. The expression levels of serum IL-19 in the positive patients were
significantly higher in the oral ulcer, hematuria, and proteinuria groups, but significantly lower
in the positive patients in the light sensitivity and discoid lupus groups.
However, this paper has the following shortfalls. First, the scope of the research was
confined and a larger sample size, taking into account different races, regions, and populations,
is required (Yang et al., 2010) (Yang et al., 2010). Second, the results were from a crosssectional survey; the serum IL-19 expression level before treatment was not determined, and
the serum IL-19 level was not followed-up after treatment. Third, the screening conditions
were less stringent in the control group, with a lower exclusion level12,13. The present study
revealed the genetic variation and expression level of IL-19 in relation to SLE, indicating that
further studies on the specific pathogenesis of the disease are warranted.
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