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Abstract Imbalance of natural killer (NK) cells is associ-
ated with the development of systemic lupus erythemato-
sus (SLE). However, little is known about the dynamic
changes on NK cells following therapy. This study aimed
at examining the impact of classic therapies on the num-
bers of different subsets of NK cells in new-onset SLE
patients. The numbers of different subsets of peripheral
blood NK cells in 24 new-onset SLE patients before, 4
and 12 weeks post the classic therapies, and 7 healthy
controls were determined by flow cytometry. The poten-
tial correlation between the numbers of NK cells and the
values of clinical measures was analyzed. In comparison
with that before treatment, the numbers of NK, NKG2C+,
and KIR2DL3+ NK cells were significantly increased
while the numbers of NKp46+ and NKG2A+NK cells
significantly decreased at 4 and/or 12 weeks post the
treatment only in the drug well-responding patients, but
not in those poor responders (P<0.05 for all). The num-
bers of NKG2C+NK cells were correlated positively with
the levels of serum C3 while the numbers of KIR2DL3+
NK cells were correlated negatively with the scores of
SLEDALI in these patients at 4 weeks post the treatment.
The classic therapies modulated the numbers of some
subsets of NK cells in drug well-responding SLE patients.
The changes in the numbers of some subsets of NK cells
may serve as biomarkers for evaluating the therapeutic
responses of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an inflammatory au-
toimmune disease. SLE patients produce several types of
autoantibodies against nuclear antigens, leading to formation
of immune complexes, inflammation, and progressive injury
of many organs and systems [1]. It is well known that genetic
and environment factor, sex hormone, infection, and some
drugs are associated with the development of SLE and auto-
immunity is crucial for the pathogenesis of SLE. Self-reactive
T and B cells spontaneously activate and play important roles
in tissue damage. Other immunocomptent cells also regulate
autoimmunity and the progression of SLE.

Natural killer (NK) cells are innate immune lymphocytes
and play an important role in both innate and adaptive immu-
nity. The function of NK cells is regulated by a balance
between activating and inhibitory signals originating from a
diverse array of surface receptors [2]. NK cells express pre-
dominantly activation and cytotoxicity receptors, including
NKG2C, NKG2D, NKp30, NKp46, and others [3-5]. Fur-
thermore, NK cells also express inhibitory receptors, such as
the lectin-like CD94-NKG2A and the killer cell
immunoglobulin-like receptors (KIRs) [6—8]. In addition,
NK cells participate in immune regulation by producing a
wide range of inflammatory cytokines and other cytotoxic
factors mediating cytotoxicity against target cells. Previous
studies have shown that dysfunction and deficiency of NK
cells are associated with the development of SLE [9] and SLE
patients displayed significantly lower ratio of NKG2A+to
NKG2D NK cells [10]. Our previous study has shown lower
frequency of NK cells expressing inhibitory receptors but
higher frequency of NK cells expressing activation receptors

@ Springer



1604

Clin Rheumatol (2014) 33:1603-1610

in SLE patients[11]. Therefore, the imbalance of activating
and inhibitory NK cells contributes to the development and
progression of SLE.

Currently, SLE patients are treated with the classic thera-
pies of glucocorticoid (GC) and immunosuppressants of cy-
clophosphamide (CTX) and hydroxychloroquine (HCQ).
However, there is no information on how the dynamic chang-
es in the frequency and numbers of different subsets of pe-
ripheral blood NK cells following the classic therapies in
newly diagnosed SLE patients. It is unclear whether there is
any difference in the frequency and numbers of different
subsets of peripheral blood NK cells between drug responders
and nonresponders.

In this study, we aimed to characterize the dynamic
changes in the numbers of different subsets of peripheral
blood NK cells following classic therapies with GC, HCQ,
and CTX. We found that the classic treatment increased the
numbers of NK, NKG2C+, and KIR2DL3+ but de-
creased the frequency and numbers of NKp46+ and
NKG2A+NK cells in newly diagnosed SLE patients. We
discussed the implications of our findings.

Materials and methods
Patients and controls

A total of 24 newly diagnosed SLE patients were recruited
from the inpatient service of the First Hospital of Jilin Uni-
versity, Changchun, China, from September, 2011 to August,
2012. All SLE patients met the diagnostic criteria of the
American College of Rheumatology (ACR). The degree of
disease activity was assessed using SLE disease activity index
(SLEDALI) by experienced physicians, and a score >6 was
considered active SLE. Patients were excluded if she/he had
other autoimmune disease, recent infection, or had received
immunosuppressant therapies or GC therapies within the past
6 months. Additional 7 age and gender-matched healthy
controls were recruited from the Physical Examination Center
of our hospital. Written informed consent was obtained from
individual participants. The study was designed in accordance
with the guidelines of the Declaration of Helsinki and was
approved by the Human Ethics Committee of Jilin University.

All patients with SLE were treated orally with GC
(1 mg/kg/day) and HCQ (0.4 g/day) and intravenously with
CTX (0.4 g/week) for more than 12 weeks.

Data collection and clinical evaluation
The demographic and clinical data of individual patients were
collected from the hospital records. The data included age,

gender, a history of diseases and current medications. Their
venous blood samples were collected before treatment and 4
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and 12 weeks after treatment. Their blood white blood cell
(WBC) count and blood platelet count were routinely exam-
ined and the concentrations of serum, anti-dsDNA, anti-Sm,
C-reactive protein (CRP), and complement C3 and C4 were
determined using scatter turbidimetry on a Siemens special
protein analysis instrument (Siemens Healthcare Diagnostics
Products, GmbH, Germany). The demographic and clinical
characteristics of patients are summarized in Table 1.

Flow cytometry analysis

Fasting venous blood samples were collected from individual
patients and were subjected to flow cytometry analysis. Brief-
ly, individual blood samples (100 pul) were stained a mixture
of fluorescein isothiocyanate (FITC)-conjugated anti-CD3,
allophycocyanin (APC)-conjugated anti-CD56, peridinin
chlorophyll protein (PerCP)-conjugated anti-CD16, and phy-
coerythrin (PE)-conjugated anti-NKG2D, anti-NKG2C, anti-
NKp30, anti-NKp46, anti-NKG2A, anti-KIR2DL3, anti-
KIR3DLI, anti-CD158a, and anti-CD158b (BD Biosciences,
San Diego, USA) for 30 min at room temperature, respective-
ly. The same isotype fluorescent mouse IgG1 and IgG2a were
used as negative controls. The remaining erythrocytes were
lysed using BD FACS Lysing Solution 2 (BD Biosciences),
and the frequency of different subsets of NK cells was deter-
mined by flow cytometry using a FACS Calibur instrument
(BD Bioscience) and FlowJo software (v7.6.2) (TreeStar,
Ashland, OR, USA). The numbers of different subsets of
NK cells per ml peripheral blood were calculated, according
to the numbers of lymphocytes.

IFN-y production

Peripheral blood mononuclear cells (PBMCs) were isolated
from individual blood samples by Ficoll density gradient
centrifugation using Ficoll-Paque Plus (Amersham Biosci-
ences, Little Chalfont, UK). The PBMCs (10° cells/well) were
stimulated in duplicate with 50 ng/ml of phorbol myristate
acetate (PMA; Sigma-Aldrich St. Louis, MO, USA) and
1.0 pg/ml of ionomycin (Sigma-Aldrich) in complete RPMI-
1640 medium (Invitrogen, Carlsbad, CA, USA) at 37 °C for
2 h in a humidified incubator of 5 % CO, and then exposed to
1.0 pg/ml of Brefeldin A (GolgiPlug, Becton Dickinson) for
an additional 4 h. After being washed, the cells were stained
with FITC-anti-CD56 and APC-anti-CD3 (BD Biosciences),
and fixed with 4 % paraformaldehyde at room temperature for
30 min. The cells were permeabilized and stained with PE-
anti-IFN-y, followed by flow cytometry analysis. The same
cells were cultured in medium alone and used as negative
controls. The frequency of IFN-y+CD3—-CD56+ NK cells
was determined by flow cytometry analysis.
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Table 1 The demographic and clinical characteristics of patients and health control

SLE patient characteristics 0 week 4 weeks 12 weeks HC characteristics
Number of patients (M/F) n=24 (1/23) n=17(0/7)
Age (year) 28 (11-53) 26 (20-46)
SLEDAI 13 (4-25) 5 (0-14)* 3 (0-10)* -

Positive Anti-dsDNA 19 (79.2 %) 14 (58.3 %) 9 (37.5 %)* -

Positive Anti-Sm 10 (41.7 %) 8(33.3 %) 5(20.8 %) -

C3 (mg/l) 0.37 (0.19-1.03) 0.46 (0.13-1.15) 0.99 (0.57-1.35)* -

C4 (mg/l) 0.08 (0.02-0.17) 0.25 (0.03-0.80) 0.22 (0.07-0.36)* -

CPR (mg/l) 8.64 (0.21-59.5) 5.64 (0.17-49.0) 1.67 (0.09-3.64)* 3.5(0-5)
WBC (x10°/1) 4.52 (2.23-15.6) 9.51(7.12-13.7) 10.4 (6.19-15.5) 6.2 (3.6-9.4)
PLT(x10%/1) 162 (61-391) 230 (168-314) 214 (160-321) 205 (128-286)
LY (x10°/1) 0.94 (0.47-1.88) 1.91 (0.99-2.97)* 2.46 (2.06-3.86)* 2.65 (1.2-3.6)

Data shown are median (range) of each group of subjects, except for specified. “—” means undetected
SLEDAI systemic lupus erythematosus (SLE) disease activity index, CRP C-reactive protein, C3 and C4 complements 3 and 4, WBC white blood cells,

PLT blood platelet, LY lymphocytes, 0 W baseline, 4 Wand 8 W 4 and 8 weeks after therapies

*P<0.05 vs. baseline values
The degranulation of NK cells

The PBMCs (10° cells/well) were cocultured with K562
cells at a ratio of 10:1 in RPMI-1640 medium for 1 h in
the presence of anti-CD107a (H4A3; Becton Dickinson)
or control IgG2a and exposed to 2-ul monensin
(GolgiStop; BD Sciences) for 5 h. The PBMCs alone
served as negative controls. After being washed, the cells
were stained with PE-anti-mouse IgG2a and were contin-
ually stained with FITC-anti-CD3 and APC-anti-CD56.
The frequency of CD107a+CD3—-CD56+ NK cells was
determined by flow cytometry.

Statistical analysis

All data are expressed as median unless specified. The differ-
ence in category data among different time points was ana-
lyzed by Fisher exact test. The difference in other values
among groups was analyzed by the Kruskal-Wallis test. the
difference between two groups was analyzed by the Wilcoxon
signed-rank test, a nonparametric test using the SPSS 19.0
software (SPSS, Inc., Chicago, IL, USA). A two-side P value
of <0.05 was considered statistically significant.

Results

Classic treatment mitigates disease severity in newly
diagnosed SLE patients

To determine the impact of the classic therapies on the dy-
namic changes in the numbers of peripheral blood NK cells,

24 patients with new-onset SLE and 7 healthy con-
trols (HC) were recruited. As shown in Table 1, there was
no significant difference in the distribution of age and
gender between the patients and HC in this population.
Following the classic therapies with GC, CTX, and HCQ,
the values of SLEDAI were significantly reduced and the
numbers of peripheral blood lymphocytes significantly
increased in those patients at 4 and 12 weeks posttreat-
ment (P<0.05 vs. baseline). Similarly, the concentrations
of serum C3 and C4 significantly increased and CRP
decreased as well as the positivity of anti-DNA in those
patients at 12 weeks posttreatment (P<0.05. vs. baseline).
Stratification analysis indicated that 16 and 20 patients
(well responders, WR) responded to the classic therapies
and achieved a value of SLEDAI <6.0 at 4 and 12 weeks
posttreatment, respectively (Table 2). The well responders
displayed significantly reduced values of SLEDAI and
higher concentrations of serum C3 and C4. In contrast,
there was no significant change in the values of these
measures in the drug poor responders (PR). These data
clearly indicated that the classic therapies mitigated the
severity of SLE in those patients, particularly in the WR.

Classic therapies modulate the numbers of different subsets
of peripheral blood NK cells in newly diagnosed SLE patients

Next, we examined the numbers of different subsets of
peripheral blood NK cells by flow cytometry. We found
that while there was significantly less numbers of CD3—
CD56+ NK cells in patients before treatment, as com-
pared with that in the HC, the numbers of NK cells
significantly increased in the patients at 12 weeks post-
treatment (P=0.001) and were similar to that in the HC
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Table 2 Stratification analysis of the clinical measures in patients following standard therapies

0 week 4 weeks 12 weeks

WR(24) PR WR(16) PR (8) WR (20) PR (4)
SLEDAI 11 (4-18) 21 (17-25) 3 (0-8)* 11 (8-14) 2 (0-4)* 8 (6-10)
Positive Anti-dsDNA 15 4 11 3 7 2
Positive Anti-Sm 8 2 6 2 4 1
C3 0.38(0.21-1.03)  0.30(0.19-0.42)  0.46 (0.18-1.15)  0.48 (0.13-0.85) 1.01 (0.66-1.44) *  0.87 (0.57-0.95)
Cc4 0.08 (0.03-0.17)  0.05(0.02-0.11)  0.27 (0.04-0.80)  0.11 (0.03-0.20)  0.24 (0.08-0.36) *  0.17 (0.07-0.36)
CPR 7.05(0.21-38.5) 14.2 (6.69-59.5)  5.22(0.17-21.5)  9.85(2.13-49) 1.60 (0.09-3.64) 2.07 (0.92-3.58)

Data shown are median (range) of each group of subjects
*P<0.05 vs. baseline values

(Fig. 1). Further analyses indicated that in comparison
with that before treatment, the numbers of NKG2C+NK
cells also significantly increased in those patients at 4 and
12 weeks posttreatment (P=0.049 and P<0.001, respec-
tively) (Fig. 2(A and a)) and were insignificantly different
from that in the HC. Similarly, the numbers of
KIR2DL3+ NK cells significantly increased in those
patients at 12 weeks posttreatment (P=0.027) and were
not significantly different from that in HC (Fig. 2(B and
b)). In contrast, the numbers of NKp46+ NK cells were
significantly reduced at 12 weeks posttreatment (P=
0.039) and NKG2A+NK cells significantly increased at
4 and 12 weeks posttreatment in those patients (P=0.043
and P=0.037, respectively) (Fig. 2(C and c), (D and d)).
However, there was no significant change in the numbers
of NKG2D+, NKp30+, CD158a+, and CD158b+NK cells
at 4 and 12 weeks posttreatment in those patients (data not
shown). In addition, there was no significant change in the
numbers of IFN-y+and CD107a+NK cells in those pa-
tients following classic therapies for 12 weeks in this
population (data not shown). Apparently, classic therapies
modulated the balance of different subsets of NK cells in
SLE patients.

Further analyses revealed that in comparison with that
before treatment, the numbers of NKG2C+NK cells signifi-
cantly increased at 4 and 12 weeks posttreatment only in the
WR group of patients (P=0.023 and P<0.001, respectively,
Fig. 3a). Similarly, the numbers of KIR2DL3+ NK cells also
significantly increased at 12 weeks posttreatment (P=0.022,
Fig. 3b). In contrast, the numbers of NKp46+ NK cells
significantly decreased at 12 weeks posttreatment in the WR
group of patients, but not in the PR group (P=0.043, Fig. 3c).
In addition, the numbers of NKG2A+NK cells were signifi-
cantly reduced at 4 and 12 weeks in the WR group, but not in
the PR group (P=0.042 and P=0.027, respectively, Fig. 3d).
Therefore, classic therapies modulated the balance of different
subsets of NK cells in the patients who well responded, but not
in those poor responding.

Positive correlation between the NKG2C+NK cells and C3
while negative correlation between KIR2DL3+ NK cell
subsets and SLEDALI score in the patients at 4 weeks
posttreatment

We analyzed the potential relationship between the numbers
of different subsets of NK cells and clinical indicators. We
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Fig. 1 Characterization of different subsets of CD3"CD56" NK cells in
SLE patients after drug treatment. Peripheral blood cells were stained
with different fluorescent antibodies, and after lysis of red blood cells, the
remaining cells were gated on living lymphocytes and further gated on
CD3-CD56+ NK cells. Data shown are representative charts of flow
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indicated time points. (4) Flow cytometry analysis of CD3 CD56" NK
cells; () Quantitative analysis of the numbers of CD3 CD56" NK cells.
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Fig. 2 Characterization of different subsets of CD3 CD56" NK
cells in SLE patients after drug treatment. Peripheral blood cells
were stained with different fluorescent antibodies, and after lysis of
red blood cells, the remaining cells were gated on living lymphocytes
and further gated on CD3—CD56+ NK cells. The frequency of
different subsets of NK cells were analyzed by flow cytometry. Data
shown are representative charts of flow cytometry and expressed as
the mean values of individual subjects at the indicated time points.
(A) Flow cytometry analysis of NKG2C" NK cells; (¢) Quantitative

found that the numbers of NKG2C+NK cells were
correlated positively with the levels of serum C3, while
the numbers of KIR2DL3+ NK cells were correlated
negatively with the values of SLEDAI scores at 4 weeks
posttreatment (P<0.05, Fig. 4a, b). There was no other
significant correlation between the numbers of any other
subsets of NK cells tested with the values of clinical
measures in this population (data not shown). Clearly,
the increased numbers of NKG2C+and KIR2DL3+ NK
cells were clinically relevant.

analysis of the numbers of NKG2C" NK cells; (B) Flow cytometry
analysis of KIR2DL3" NK cells; (b) Quantitative analysis of the
numbers of KIR2DL3" NK cells. (C) Flow cytometry analysis of
NKp46+ NK cells; (¢) Quantitative analysis of the numbers of
NKp46" NK cells; (D) Flow cytometry analysis of NKG2A" NK
cells; (d) Quantitative analysis of the numbers of NKG2A™ NK cells.
There is no significant difference in the numbers of other subsets of
NK cells in the patients among these time points (data not shown).
The horizontal lines indicate the median values in individual groups

Discussion

NK cells are heterogeneous lymphocytes and their func-
tions are regulated by the balance of activating and inhib-
itory signals via receptors on their cell surface [2]. In this
study, we examined the dynamic changes in the numbers
of different subsets of NK cells following the classic
therapies. We found that treatment with the classic thera-
pies for 4 and 12 weeks significantly reduced the disease
severity, positivity of anti-DNA, and the levels of serum
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Fig. 3 Characterization of different subsets of CD3—-CD56+ NK cells in
SLE patients after drug treatment. Patients were stratified according the
values of SLEDAI, and the numbers of NKG2C+, KIR2DL3+,
NKp46+ NKG2A+NK cells in individual patients were analyzed before
and 4 and 12 weeks after the treatment. Data shown are the mean values
of different subsets of NK cells in individual subjects. a Stratification
analysis of the numbers of NKG2C" NK cells between the well

CRP but increased the numbers of peripheral blood lym-
phocytes and the levels of serum C3 and C4, accompanied
by increased numbers of NK cells in the patients. Given
that dysfunction and deficient in the lymphocytes and
lower levels of C3 and C4 have been detected in new-
onset SLE patients, the increased numbers of lymphocytes
and the levels of serum C3 and C4, together with signif-
icant reduced scores of SLEDAI and levels of serum CRP,
clearly demonstrated that classic therapies mitigated the
disease severity in SLE patients.

Previous studies have shown abnormally lower num-
bers of peripheral blood NK cells in the patients with
new-onset SLE [12, 13, 10], which may be attributed to
immune complexes-related NK cell exhaustion [14]. In
addition, imbalance of different subsets of NK cells has
been associated with the development of SLE [9]. How-
ever, there is little information on the dynamic changes in
the numbers of different subsets of NK cells following the
classic therapies in SLE patients. Our previous study has
shown that significantly less numbers of NKG2C+and
KIR2DL3+, but greater numbers of NKp46+ NK cells
in Chinese patients with new-onset SLE [11]. In this
study, we found that the numbers of NKG2C+and
KIR2DL3+ NK cells significantly increased, but the

Fig. 4 Correlation analysis
among the numbers of different
types of NK cells, the levels of
NKG2C+, KIR2DL3+, and the
values of clinical measures in
SLE patients at 4 weeks post the
treatment. There is no significant
correlation among other measures
tested (data not shown)
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responders (WR) and poor responders (PR); b Stratification analysis of
the numbers of KIR2DL3" NK cells between the WR and PR; ¢ Strati-
fication analysis of the numbers of NKp46™ NK cells between the WR
and PR; d Stratification analysis of the numbers of NKG2A™ NK cells
between the WR and PR. The horizontal lines indicate the median values
in individual groups

numbers of NKp46+ and NKG2A+NK cells significantly
decreased at 4 and/or 12 weeks post the classic therapies
in this population. Interestingly, the dynamic changes in
the numbers of these subsets of NK cells only occurred in
the patients who responded well to the classic therapies,
but not those poorly responding to the therapies. Because
NKp46+ and NKG2A+NK cells are associated with ac-
tive SLE [13], the significantly reduced numbers of these
subsets of NK cells were consistent with decreased dis-
ease activity in this population. KIR2DL3+ NK cells are
inhibitory NK cells, which can downregulate autoimmu-
nity. The significantly increased numbers of KIR2DL3+
NK cells suggest that the classic therapies may mitigate
autoimmunity-related inhibitory NK cell exhaustion and
help in control of disease progression. Indeed, the num-
bers of KIR2DL3+ NK cells were correlated negatively
with the scores of SLEDALI in these patients at 4 weeks
posttreatment. Deficient numbers of NKG2C+NK cells
have been found in new-onset SLE patients [11]. The
significantly increased numbers of NKG2C+NK cells
following the classic therapies may reflect the redistribu-
tion of NKG2C+NK cells from inflammatory sites to
peripheral blood. Alternatively, the increased numbers of
NKG2C+NK cells may stem from upregulated expression

CD3-CD56+NKG2C+NK cells (1031ml)
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of NKG2C receptor expression in NK cells. More impor-
tantly, we found that the numbers of NKG2C+NK cells
were correlated positively with the levels of serum C3 in
the patients. It is possible that the classic therapies inhibit
immune complex formation and inflammation, leading to
increase in the numbers of NKG2C+NK cells. The sig-
nificant changes in the numbers of some subsets of NK
cells following the classic therapies in the drug well
responders, but not in the poor responders, suggest that
these changes may serve as biomarkers to evaluate the
therapeutic responses of SLE patients to the classic ther-
apies. We are interested in further investigating the function
of these subsets of NK cells and why the classic therapies
modulate the numbers of different subsets of NK cells in a
varying efficient manner.

Active NK cells can also secret abundant IFN-y and
other cytokines and have potent cytotoxicity against target
cells [15-17]. Previous studies have shown that IFN-y+
and CD107a+NK cells are crucial for the pathogenesis of
SLE [18-20]. It is well known that IFN~y can upregulate
MHC 1 and II expressions and enhance antigen-presenting
cell’s activity [21, 22]. Furthermore, IFN-y can also pro-
mote immunoglobulin gene switch and enhance antibody
production[23, 24]. However, we did not find that the
classic therapies significantly alter the numbers of
IFN-y+and CD107a+NK cells in these patients, although
the classic therapies did reduce significantly disease
severity in these patients. We are interested further investi-
gating the potential mechanisms by which the classic
therapies modulate different subsets of NK cells in SLE
patients.

We recognized that this study had limitations, including
small sample size, a short period of observation, and the lack
of functional tests of different subsets of NK cells as well as
one therapeutic protocol in these patients. Therefore, further
studies in a bigger population to address these questions are
warranted.

In summary, our data indicated that the classic thera-
pies for 12 weeks significantly reduced disease severity
and inflammation but elevated the levels of serum C3 and
C4 in patients with new-onset SLE. Furthermore, the
classic therapies for 12 weeks significantly modulated
some subsets of NK cells by decreasing activating NK
cells but increasing inhibitory and regulatory NK cells in
new-onset SLE patients who responded well to the thera-
pies. More importantly, the numbers of NKG2C+NK
cells were correlated positively with the levels of serum
C3, while the numbers of KIR2DL3+ NK cells were
correlated negatively with the scores of SLEDAI in these
patients at 4 weeks post the treatment. Therefore, the
changes in the numbers of these subsets of NK cells
may serve as biomarkers for evaluating the therapeutic
responses in new-onset SLE patients.
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