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JAK2 and PTPRCmRNA expression in peripheral blood mononuclear
cells from patients with systemic lupus erythematosus
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Abstract
In this study, we aimed to explore the expression levels of JAK2 and PTPRC in peripheral blood mononuclear cells (PBMCs)
from SLE patients and controls, detect the effects of SLE activity on genes mRNA expression, and find the association between
genes mRNA expression and clinical manifestations of patients. We performed quantitative real-time PCR (qRT-PCR) to test
differences in the expression levels of JAK2 and PTPRC in PBMCs extracted from 135 patients with SLE and 130 healthy
controls. Furthermore, we detected the regulatory effect of SNPs on gene expression by expression quantitative trait loci (eQTL).
We also tested whether the genes mRNA expression was affected with the SLE activity and analyzed the relationship between
genes mRNA expression and clinical manifestations of patients. The mRNA expression levels of JAK2 in SLE patients were
significantly higher than those in healthy controls (P = 0.005), and PTPRCmRNA expression levels were significantly decreased
(P < 0.001). However, no other statistical significance was detected. We found that the elevated JAK2mRNA expression and the
decreased PTPRC mRNA expression may play suggestive roles in the pathogenesis of SLE.

Key Points
• The JAK2 mRNA expression levels in SLE patients were significantly higher than those in healthy controls.
• The PTPRC mRNA expression levels in SLE were decreased.
• JAK2 and PTPRC mRNA expression may play suggestive roles in the pathogenesis of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disor-
der that presents a variety of complex clinical manifestations
and affects multiple organ systems. The prevalence of SLE
ranges from approximately 30 to 50 per 100,000 individuals
[1]. Although the precise etiology of SLE is not explicit, ep-
idemiological investigation indicated that SLE has a definite
hereditary trend and follows the polygenic model of inheri-
tance [2]. During the past decade, genome-wide association
studies (GWASs) in multiple ethnic populations have revealed
more than 100 common single-nucleotide polymorphisms
(SNPs) that are strongly associated (P < 5 × 10−8) with SLE
[3]. We revealed in a cross-racial GWAS that ten novel loci—
ZFP90, IKBKE, LBH, LPP, ATXNI, BACH2, GTF2I,
RNASEHZC, JAK2, and PTPRC—are highly correlated with
SLE [4]. The PTPRC gene encodes a member of the protein
tyrosine phosphatase (PTP) family known as CD45, which is
a critical regulator of antigen receptor signaling in T and B
cells, suppresses JAK kinases and negatively regulates cyto-
kine receptor signaling [5]. The JAK2 gene is a member of the
Janus kinase (JAK) family, which includes JAK1, JAK2,
JAK3, and Tyk2; these proteins form nonreceptor protein ty-
rosine kinases (PTKs) that are vital for cell survival, growth,
development, and immune cell differentiation. Additionally,
PTKs are the most integral part of the JAK/STAT signaling
pathway [6]. It has been reported that dysregulation of the
JAK/STAT signaling pathway may be involved in SLE pro-
gression [7]. Based on these data, we examined the mRNA
expression levels of JAK2 and PTPRC in peripheral blood
mononuclear cells (PBMCs) from patients with SLE and from
healthy control subjects and explored whether JAK2 mRNA
expression was associated with the single-nucleotide poly-
morphism (SNP) rs1887428. Meanwhile, we tested whether
the gene mRNA expression was affected with the SLE disease
activity index (SLEDAI) and analyzed the relationship be-
tween genes mRNA expression and clinical manifestations
of SLE patients.

Methods

Subjects

A total of 135 patients and 130 healthy control subjects were
enrolled in this study. All subjects were recruited from the
First Affiliated Hospital of Anhui Medical University, Hefei,
Anhui Province, China. All participants were of self-identified
Han Chinese ancestry. The cases were diagnosed by at least
two experienced physicians using the revised American
College of Rheumatology SLE classification criteria [8], and
the clinical phenotypes of the patients were documented at a
full clinical check-up. Additional demographic information

was obtained for each subject through a structured question-
naire. The clinical manifestations were assessed based on the
American College of Rheumatology 1997 criteria for SLE.
However, some clinical manifestations are not included in
the 11 criteria, such as cardiac involvement and lung involve-
ment. In this study, all the other causes result in lung or cardiac
diseases should be excluded, then lung or cardiac involvement
can be defined. The lung involvement includes pulmonary
hypertension, pulmonary hemorrhage, pulmonary interstitial
fibrosis, pneumonia, pulmonary infarction, and lung atrophy.
The cardiac involvement includes myocarditis, arrhythmia,
endocarditis, and coronary vascular. The SLEDAI score [9]
was evaluated for each patient according to the clinical man-
ifestations which were collected at the time of blood extracted.
And a SLEDAI score ≥ 10 was defined as active SLE; other-
wise, the inactive SLE was defined. The control subjects were
clinically confirmed to be free of SLE and did not have any
family history of SLE or any other autoimmune disease.
Written informed consent was obtained from each participant.
This study was approved by the Institutional Review Board of
Anhui Medical University, China and was conducted accord-
ing to the principles set by the Declaration of Helsinki.

Total RNA extraction

Whole blood (5 ml) was collected from all subjects in EDTA
collection tubes and diluted with a 2× volume of phosphate-
buffered saline (PBS). A fresh 30 ml tube was filled with 5 ml
of Ficoll-Paque™ Plus (GE Healthcare), and 15 ml of the
blood dilution was carefully added on top of the Ficoll-
Paque. Then, the mixture was centrifuged for 25 min at
400×g at 18 °C. The cloudy-looking phase containing
PBMCs was collected and centrifuged for 10 min at 400×g
at 4 °C. Finally, the PBMC suspension was collected after the
supernatant was decanted. TRIzol Reagent was added to ex-
tract total RNA from PBMCs. The purity and quality of RNA
was measured with a NanoDrop 2000 Spectrophotometer
(Thermo Scientific). The ratio of total RNA samples (ranging
from 1.8 to 2.0) was used to calculate the concentration and
purity prior to reverse transcription.

qRT-PCR analysis

After quantification, 400 ng of total RNA was subjected to
reverse transcription using a PrimeScript RT reagent Kit
(Takara). All experiments were performed in duplicate on a
ViiA 7 Real-Time PCR system (Applied Biosystems) for
40 cycles of denaturation at 95 °C for 5 s, annealing and
extension at 60 °C for 30 s. The endogenous expression of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) served
as an internal control primer). The reactions were completed
in a 5-μl reaction system containing 0.2 μl of primers (JAK2
primers: forward 5′-TCTGGGGAGTATGTTGCAGAA-3′,
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reverse 5′-AGACATGGTTGGGTGGATACC-3′; PTPRC
primers: forward 5′-ATGATGGCAGGGTCCTTCATGT-3′,
reverse 5′-AGCTTCCTCAGCTAATGATTGGACA-3′;
GAPDH primers: forward 5 ′-CTCCTCCTGTTCGA
CAGTCA-3′, reverse 5′-CAATACGACCAAATCCGTTG-
3′). The relative expression levels were calculated via the
2−ΔΔCt method [10].

Genotyping

Blood DNA was extracted using FlexiGene DNA Kits
(QIAGEN, Germany). The SNP rs1887428 was genotyped
using an improved multiplex ligation detection reaction
(iMLDR) technique developed by Genesky Biotechnologies
Inc. (Shanghai, China). Approximately 20 ng/μl of genomic
DNA was used to genotype each sample. According to the
manufacturer’s instructions, the genomic DNA was diluted
to a working concentration of 5–10 ng/μl for genotyping stud-
ies. First, the sample DNAwas amplified by multiplex PCR,
and the resulting PCR products were then used for locus-
specific single-base extension reaction. The samples were an-
alyzed on an ABI 3730XL DNA sequencer (Applied
Biosystems), and the data were analyzed using GeneMapper
software (version 4.1, Applied Biosystems). Finally, 135 pa-
tients were successfully genotyped.

Statistical analysis

Data were analyzed using GraphPad Prism (version 7.04) and
SPSS version 24.0. The different mRNA expression levels of
JAK2 and PTPRC in SLE patients and healthy subjects were
compared by the nonparametric Mann–Whitney rank sum
test. The correlation of genotype and JAK2mRNA expression
levels in PBMCs was calculated by one-way analysis of var-
iance. Two-sample rank-sum tests were performed to assess
the effect of SLEDAI on two genes mRNA expression and
analyze the association between two genes mRNA expression
and clinical manifestations of SLE patients. P values (two-
tailed) less than 0.05 were considered statistically significant,
but the Bonferroni-corrected test was used in analyzing the
relationship between two genes mRNA expression and clini-
cal manifestations (significant criteria P < 0.05/15).

Results

The mRNA expression levels of JAK2 and PTPRC
in PBMCs from patients with SLE and control subjects

One hundred thirty-five SLE patients were enrolled in this
study. As shown in Table 1, clinical features of patients with
SLE were grouped by disease activity. Based on quality con-
trol, a total of 120 patients with SLE (mean ± SD, 112 women,

36.50 ± 12.68 years; 8 men, 30.50 ± 15.42 years) and 129
control subjects (mean ± SD, women only, 36.09 ± 9.33 years)
were included in the JAK2 gene expression statistic, and 122
SLE patients (mean ± SD, 114 women, 37.11 ± 12.69 years; 8
men, 30.50 ± 15.42 years) and 128 healthy control subjects
(mean ± SD, women only, 36.12 ± 9.36 years) were included
in the PTPRC gene expression statistic. As shown in Figs. 1
and 2, the median level of JAK2 mRNA expression in SLE
patients was higher than that in controls (P < 0.05), and the
median level of PTPRC mRNA expression in SLE patients
was lower than that in healthy controls (P < 0.05).

Correlation of the rs1887428 variant with JAK2mRNA
expression levels in PBMCs

We conducted expression quantitative trait loci (eQTL) anal-
ysis to identify whether the rs1887428 SNP was associated
with JAK2 mRNA expression levels in 129 healthy controls.
However, there was no significant association observed be-
tween the rs1887428 SNP variant and JAK2 mRNA expres-
sion levels (P = 0.337) (Fig. 3).

Correlation of SLEDAI and clinical manifestations
with JAK2 and PTPRC mRNA expression levels
in PBMCs

To evaluate the relationship between two genes mRNA ex-
pression levels and SLEDAI, we respectively compared the
two genes mRNA expression levels with active SLE
(SLEDAI score ≥ 10) and inactive SLE (SLEDAI score <
10). As shown in Figs. 4 and 5, no statistical significance
showed the SLEDAI score would affect JAK2 and PTPRC
mRNA expression (P = 0.277 and 0.614, respectively). In ad-
dition, we found that PTPRC mRNA expression was signifi-
cant with hematologic and arthritis involvement (P = 0.001
and 0.019, respectively) before the Bonferroni-corrected
criteria. However, the association between PTPRC mRNA
expression and hematologic involvement did not meet the
Bonferroni-corrected significant criteria (P < 0.05/15)
(Supplementary Tables 1 and 2).

Discussion

SLE is a chronic autoimmune disease associated with autoan-
tibody production, inflammatory T cell activation, and aber-
rant cytokine and chemokine production. In this study, RNA
samples were separated from PBMCs, which comprise T lym-
phocytes, B lymphocytes, and monocytes. A characteristic of
SLE is the production of autoantibodies by autoreactive B
lymphocytes. B cells can directly recognize antigens and se-
crete antibodies, which reinforce the adaptive immune re-
sponse. Meanwhile, activated T cells can produce a variety
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of cytokines, including IL-2 and IL-17, which participate in
signal transduction pathways associated with SLE pathogen-
esis [11–13]. The precursor of macrophages is monocytes,
which can phagocytose and present antigens, secrete

chemokines [14]. Moreover, monocyte contributes to renal
damage and atherosclerosis in SLE [12].

Table 1 Clinical features of the
135 patients with SLE were
grouped by disease activity

Characteristic Inactive SLE (n = 59) Active SLE (n = 76)

Sex (no. male/female) 2/57 6/70

Age (year) 41.5 ± 13.0 31.5 (23.0, 42.0)

Disease duration (months) 84.0 (12.0, 153.0) 36.0 (2.5, 114.0)

SLEDAI 5.0 (2.0, 8.0) 16.0 (12.0, 19.8)

Medications

Corticosteroids use 50 (87.7%) 45 (70.3%)

Antimalarials use 25 (43.9%) 18 (28.1%)

Immunosuppressive use 24 (42.1%) 28 (43.8%)

Clinical features

Renal damage (+) 21 (35.6%) 63 (82.9%)

Malar rash (+) 13 (22.0%) 38 (50.0%)

Photosensitivity (+) 6 (10.2%) 5 (6.6%)

Discoid rash (+) 0 (0%) 2 (2.6%)

Central nervous system involvement (+) 0 (0%) 7 (9.2%)

Lung involvement (+) 8 (13.8%) 6 (7.9%)

Cardiac involvement (+) 9 (15.3%) 7 (9.2%)

Vasculitis (+) 0 (0%) 12 (15.8%)

Hematologic involvement (+) 18 (30.5%) 42 (55.3%)

Arthritis (+) 8 (13.8%) 14 (18.4%)

Mucosal ulcers (+) 5 (8.5%) 12 (15.8%)

Serositis (+) 9 (15.3%) 13 (17.1%)

Laboratory index

Anti-dsDNA (+) 19 (32.2%) 56 (73.7%)

ANA (+) 57 (96.6%) 75 (98.7%)

Anti-SM (+) 25 (42.4%) 42 (55.3%)

Decreased C3 27 (45.8%) 64 (84.2%)

Patients with SLE were classified using SLEDAI. And a SLEDAI score ≥ 10 was defined as active SLE; other-
wise, the inactive SLE was defined

Fig. 2 mRNA expression levels of PTPRC were increased in SLE
patients (n = 122) compared with those in healthy control subjects (n =
128; P< 0.001)

Fig. 1 mRNA expression levels of JAK2 were increased in SLE patients
(n = 120) compared with those in healthy control subjects (n = 129; P =
0.005)
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Our previous study, which combined three GWASs compris-
ing Chinese and European cohorts, discovered ten novel loci that
were significantly associated with SLE: CD45, IKBKE, LBH,
LPP-TPRG1-AS1, ATXN1, BACH2, GTF2I, RNASEH2C,
ZFP90, and JAK2 [4]. However, the correlation between these
genes and the occurrence and development of SLE is not explicit.

To explore the different mRNA expression levels of JAK2,
we conducted qRT-PCR in patients with SLE and control sub-
jects. The results showed that the mRNA expression levels of
JAK2 in SLE patients were higher than those in control subjects.
This result indicates that the increased levels of JAK2 mRNA
expressionmay be related to the pathogenesis of SLE. The JAK2
gene encodes the JAK2 protein, which is a type of tyrosine
kinase [15]. JAK2 is amember of the Janus kinase family, which

comprises nonreceptor tyrosine kinases, and acts as amainstay of
the JAK/STAT signaling pathway, a cytokine receptor signaling
pathway [16]. The JAK/STAT signaling pathway plays a critical
role in the immune system by helping to fight pathogens and
tumor cells and, more importantly, is significantly involved in
autoimmune diseases. The activation of JAK/STAT signaling is
triggered by a variety of inflammatory cytokines, including in-
terleukins, type I (alpha/beta) interferons, type II (gamma) inter-
ferons, and so on [17]. According to the canonical JAK/STAT
signaling pathwaymap, we found that some cytokines, including
IL-6, IL-12 and IFN-γ, are particularly correlated with JAK2.
The expression levels of these cytokines are significantly in-
creased in SLE patients compared with the levels in healthy
controls, similar to the JAK2 expression pattern. These cytokines
participate in JAK/STAT signaling by activating the type I inter-
feron signaling pathway [18–20]. Meanwhile, IFN-γ has been
implicated as a key member of the IFN signaling pathway in
SLE, and the IFN signaling pathway is upstream of the JAK/
STAT signaling pathway [21]. In our study, we also found de-
creased levels of PTPRC mRNA expression in SLE patients.
PTPRC, also known as CD45, encodes protein tyrosine phos-
phatase receptor C, which is a member of the PTP family. A
previous study revealed that PTPRC suppresses JAK kinases
and that damaged CD45 leads to the activation of JAKs and
STAT proteins [5]. According to the aforementioned arguments,
we can summarize that the decreased PTPRC expression may
result in increased expression of JAK kinases, which likely leads
to the development of SLE via JAK/STAT signaling.

In addition, our results indicated no association between
JAK2 mRNA expression and the SNP rs1887428, which
may be due to the limited sample size in this study.
However, we can observe from Fig. 3 that the more instances
of allele G in JAK2were, the higher expression levels of JAK2
mRNA, indicating that rs1887428 may affect JAK2 mRNA

Fig. 3 Correlation of the SNP rs1887428 with JAK2 mRNA expression
levels in PBMCs in healthy control subjects. Of the 129 controls, 66
individuals with CC, 46 with GC, and 17 with GG were analyzed.
JAK2 mRNA expression did not significantly correlate with the
rs1887428 genotype (P = 0.337)

Fig. 5 No significant difference was found between the active SLE group
and the inactive SLE group of PTPRC mRNA expression levels (P =
0.614)

Fig. 4 No significant difference was found between the active SLE group
and the inactive SLE group of JAK2mRNA expression levels (P = 0.277)
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expression. There were some limitations in our study, one of
which was its cross-sectional nature involving patients with
either advanced or stable disease. In addition, the limited sam-
ple size and use of corticosteroids or immunosuppressive
medications for most SLE patients may lead to biases.
Therefore, it is necessary for us to conduct further rigorous
studies in a large sample size.

In conclusion, we revealed that JAK2 and PTPRCmay play
suggestive roles in the pathogenesis of SLE through JAK/
STAT signaling. Further study is necessary to detect the true
role of the JAK2 and PTPRC genes in SLE.
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