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Abstract: LangChuangHeli (LCHJ) decoction has been used as a supplementary therapy to reduce the dose of
prednisone and improve the therapeutic effects in systemic lupus erythematosus (SLE) maintenance. We aimed
to explore the underlying mechanisms of the therapeutic effects of LCHJ. Spleen and lymph node weight, renal
tissue histology, anti-dsDNA and anti-nuclear antibody levels in serum, and urinary protein levels were measured
to evaluate the therapeutic effects. We further measured serum levels of multiple cytokines and antibody subsets,
and performed flow cytometry analysis to observe effects of LCHJ on the frequency and activation of T cells and
T cell subsets, as well as accumulation of plasma cells in splenocytes of MRL/Ipr mice. LCHJ exhibited significant
therapeutic effects on MRL/Ipr mice. LCHJ significantly controlled the in vivo inflammation and dramatically pre-
vented the accumulation of DN T and plasma cells in MRL/Ipr mice. Moreover, LCHJ significantly suppressed the
accumulation of CD138+ T cells in MRL/Ipr mice, which led to the decreased production of the anti-dsDNA antibody
in vivo. LCHJ significantly decreased CD4+CD138+ T cells originated from CD4+CD138- T cells, which subsequently
prevented the accumulation of CD138+ T cells in MRL/Ipr mice. Our results indicated that LCHJ alleviated renal
injuries and prevented the enlargement of the spleen and lymph nodes by suppressing DN T cell accumulation, and
reduced anti-dsDNA antibody secretion by preventing the accumulation of CD138+ T cells.
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Introduction treatment of SLE, despite the development of
therapeutic drugs [10-13]. Oral administration
of prednisone was conventionally applied for
maintenance treatment for patients who were

in remission and proven effective [10-13].

Systemic lupus erythematosus (SLE) is a ch-
ronic and multisystem autoimmune disease
that predominantly affects women, especially

between puberty and menopause [1, 2]. It is
characterized by the production of autoanti-
bodies [3, 4], including anti-nuclear antibody
(ANA) and double-stranded DNA (dsDNA) anti-
body. Epidemiological research indicates that
SLE has a variable incidence rate and preva-
lence in different regions and environments
worldwide [5-7]. Moreover, mortality in patients
with SLE remains high with significant geo-
graphic variations, despite advances in treat-
ment of SLE in recent years [1, 8, 9].

Glucocorticoids are still the preferred first-line
treatment, playing an irreplaceable role in the

Although SLE can induce severe and irrevers-
ible damage, chronic administration of predni-
sone also contribute to damage or has substan-
tial side effects in patients with SLE [13-16].
Therefore, a treatment option with fewer side
effects is required to substitute glucocorticoids
or reduce their dose, especially for patients
who are administered with prednisone for SLE
management.

LangChuangHeli (LCHJ), a traditional medicine
decoction, was clinically applied for the treat-
ment of patients with SLE in remission. LCHJ
does not replace prednisone but instead, was
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Table 1. Composition of the LangChuangHeli decoction (LCHJ)

Chinese name Latin name Scientific name Weight (g) Parts used Voucher number
Tai Zi Shen Radix Pseudostellariae Pseudostellaria heterophylla (Miq.) Pax 15 (3/53) Root Tuber 18122503
Bai Zhu Atractylodes macrocephala Atractylodes macrocephala Koidz 10 (2/53) Rhizome 1806005
Huang Qi Radix Astragali Astragalus mongholicus Bunge 30 (6/53) Root 19042001
Fu Ling Poria Cocos Poria cocos (Schw.) Wolf 10 (2/53) Sclerotium 19051403
Nv Zhen Zi Fructus Ligustri Lucidi Ligustrum lucidum W. T. Aiton 30 (6/53) Fruit 19040603
Tu Si Zi Semen Cuscuta Cuscuta chinensis Lam 15 (3/53) Seed 19032201
Yin Yang Huo Epimedium Epimedium brevicornu Maxim 10 (2/53) Leaf 1903018
Che Qian Zi Semen Plantaginis Plantago asiatica L 15 (3/53) Seed 19022002
Bai Hua She She Cao Hedyotis Diffusa Scleromitrion diffusum (Willd.) R. J. Wang 30 (6/53) Herb 19032602
Dan Shen Salvia Miltiorrhiza Salvia miltiorrhiza Bunge 15 (3/53) Rhizome 19032601
Ji Xue Teng Caulis Spatholobi Spatholobus suberectus Dunn 30(6/53) Rattan Stem 19030802
Qin Jiao Gentiana Macrophylla Gentiana macrophylla Pall 30 (6/53) Root 18070901
Gui Zhi Ramulus Cinnamomi Cinnamomum cassia (L.) J. Pres| 10 (2/53) Twig 18122401
Quan Shen Rhizoma Bistortae Bistorta officinalis Delarbre 15 (3/53) Rhizome 19030702

usually used as a supplement therapy com-
bined with prednisone to reduce its dose and
improve its therapeutic effects on SLE in re-
mission [17]. The advantage of LCHJ applica-
tion in SLE management is the safety of long-
term administration and significant improve-
ment of the symptoms of patients with SLE
according to our previous clinical research [17-
19]. LCHJ also exhibited significant therapeutic
effects on SLE model mice. Previous results
indicated that LCHJ dramatically reduced ANA
levels in serum, urinary protein levels, IgG and
C3 deposition in kidneys, and improved renal
injury in BXSB mice [18, 19].

However, the underlying mechanism of LCHJ
treatment remains unclear. In the present stu-
dy, we aimed to investigate further the effect of
LCHJ treatment on MRL/Ipr mice and explore
the advantages and underlying mechanisms of
LCHJ and prednisone combined treatment on
SLE.

Materials and methods
Animals

Female MRL/MPJ-lIpr mice (4 weeks old) were
obtained from the Slac Laboratory (ShangHai,
China). All animal experiments were approv-
ed by the Beijing Institute of Traditional Chi-
nese Medicine (Ethical Approval Number: 20-
19050201).

Preparation of LCHJ decoction

LCHJ was composed of 14 crude herbs which
were purchased from TCM Pharmacy of Beijing
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Hospital of Traditional Chinese Medicine, mix-
ed according to the correct mass ratio (Table
1), and deposited in Beijing Institute of Tradi-
tional Chinese Medicine. Briefly, a total of 265
g of mixed crude drugs was soaked in pure
water for 30 min and decocted in 1000 mL
pure water for 1 h. The crude decoction was fil-
tered and concentrated to 2.01 g/mL. Then,
the concentrated decoction was preserved at
4°C and re-warmed before administration.

Methods and treatments

All MRL/Ipr mice were adaptively fed for a
week. MRL/Ipr mice were randomly grouped
according to different treatments as follows:
Vehicle (ddH,O, n=10); LCHJ decoction 0.1
mL/10 g per day (LCHJ, n=10); prednisone 25
pug/10 g per day (PNS, n=10); prednisone 25
pg/10 g per day combined with LLCHJ decoc-
tion 0.1 mL/10 g per day (LCHJ+PNS, n=10).
LCHJ administration was performed daily from
6 to 16 weeks of age, and prednisone was
administered daily from 9 to 16 weeks of age.
At the 17" week, all mice were anesthetized for
serum collection. Lymph nodes and spleens
from MRL/Ipr mice were isolated and weighed.
Kidneys of MRL/Ipr mice were excised for his-
tology analysis.

UPLC-MS/MS analysis of LCHJ decoction

A Waters UPLC-MS/MS spectrometer equipped
with a HESI-Il probe was employed. Chroma-
tographic conditions were as follows: The posi-
tive and negative HESI-Il spray voltages were
3.7 and 3.5 KV, respectively, and the capillary
temperature was 320°C. Both the sheath gas
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and the auxiliary gas were nitrogen at a pres-
sure of 30 and 10 psi, respectively. The heated
vaporizer temperature was 300°C. The colli-
sion gas was also nitrogen at a pressure of 1.5
mTorr. Mass to charge ratio scanning ranged
from 100 to 1500 DA. UPLC system was con-
trolled by the Xcalibur software 2.2 SP 1.48.
Data collection and processing was also per-
formed using the same software.

Histology

To evaluate pathological kidney injury in MRL/
Ipr mice, hematoxylin and eosin, periodic acid-
silver metheramine (PASM), periodic acid Schiff
(PAS), and Masson trichrome stainings (Ma-
sson) were performed, after kidneys were
obtained from MRL/Ipr mice and embedded in
paraffin. Images of renal tissues were captured
and analyzed using Image-Pro Plus 6.0 (Media
Cybernetics, Rockville, MD, USA). To evaluate
IgG deposition in the kidneys, frozen sections
were stained with Alexa Fluor 488-conjugated
Goat anti-mouse 1gG (H+L) after blocking with
goat serum. Images of 1gG deposits in the kid-
neys were semi-quantitatively analyzed using
Image J (NIH, Bethesda, MD, USA).

Total IgG, anti-dsDNA IgG, and ANA in serum

Serum levels of total IgG, anti-dsDNA IgG, and
ANA were determined using ELISA kits (total
IgG ELISA kit, Thermo Fisher; anti-dsDNA 1gG
and ANA ELISA kit, Alpha Diagnostic Interna-
tional, San Antonio, TX, USA), and performed
according to the manufacturer’s instructions.
Optical density was recorded at 450 nm using
a microplate reader.

Serum multiple cytokine and antibody subtype
levels

Multiple cytokine and antibody subtype levels
in the serum were detected using the Lumi-
nex assay kits (Thermo Fisher, USA). Luminex
assays were performed according to the manu-
facturer’'s instructions and analyzed on the
Luminex™ platform.

Protein levels in urine

Urinary samples from MRL/Ipr mice were col-
lected for 24 h at the 16" week. The concentra-
tion of urinary proteins was measured using the
Coomassie Brilliant Blue Dye-binding Assay kit
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and performed according to the manufacturer’s
instructions (Biokits Tech. Inc, Beijing, China).

Flow cytometry

After the spleen was excised from MRL/Ipr
mice, single-cell suspension of splenocytes
was obtained and filtered using 70 um cell
strainers. Splenocytes were blocked with a
CD16/CD32 monoclonal antibody (Thermo
Fisher, eBiosience) and Fixation/Permeabiliza-
tion solution (BD Bioscience) was used before
intracellular staining. Cells were stained with
fluorescent-conjugated anti-mouse antibodies,
and the following antibodies were used for
flow cytometry: Anti-CD3 PE-cy7, anti-CD4 FITC,
anti-CD8 APC, anti-CD19 APC-cy7, anti-CD138
PE, anti-CD69 PE, and anti-IFN-y PE-cy7 (Ther-
mo Fisher, eBiosience). All flow cytometry data
were analyzed using the Flowjo software (Tree
Star) version 10.6 for PC.

Statistical analysis

All data in the present study are presented as
the mean + standard deviation (SD) and ana-
lyzed using SPSS software (SPSS, Inc., Chicago,
IL, USA). Comparisons were performed for sta-
tistical significance using a one-way analysis of
variance. Differences with P values of less than
0.05 were considered statistically significant.

Results

Identification of chemical components in LCHJ
using UPLC-MS/MS analysis

UPLC-MS/MS analysis was employed to identi-
fy the chemical components of LCHJ. The total
positive (Figure 1A) and negative (Figure 1B)
ion chromatograms showed 34 major compo-
nents in the LCHJ decoction. The 34 major
components in LCHJ including salvianolic acid
A, astragaloside I, rutinum, icariine, salidroside,
atractylenolide |, gentiopicroside, tanshinone |,
and formononetin were shown in Table 2.

LCHJ exhibited significant therapeutic effects
on MRL/Ipr mice

After the administration of LCHJ, spleen and
lymph node weight in MRL/Ipr mice were signifi-
cantly decreased, compared with vehicle-treat-
ed MRL/Ipr mice (Figure 2B and 2C). At the
same time, spleen and lymph indices also
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Figure 1. Identification of some components in LCHJ decoction. Base peak ion chromatogram of LCHJ in positive (A)

and negative (B) ion modes are shown as indicated.

showed a remarkable decline in MRL/Ipr mice
after LCHJ treatment (Figure 2A and 2C).
Treatment with prednisone alone and com-
bined with LCHJ, also alleviated the enlarge-
ment of spleen and lymph node, decreasing
spleen and lymph indices (Figure 2A-C). Our
results indicated that LCHJ had significant
effects on preventing the enlargement of
spleen and lymph nodes in MRL/Ipr mice.

Next, we observed the effect of LCHJ on pa-
thological injury in kidneys and measured re-
nal histopathology and urinary protein levels
in MRL/Ipr mice. Hyaline deposits, interstitial
and perivascular cellular inflammation, glomer-
ular fibrosis, tubular cell necrosis, cellular cres-
cent formation, and glomerulosclerosis were
observed in kidneys of MRL/Ipr mice (Figure
2D), whereas, all these renal injuries were alle-
viated after LCHJ treatment. IgG immune com-
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plex deposition in renal tissues and urinary
protein amount were also reduced in MRL/Ipr
mice 24 h after LCHJ treatment (Figure 2E
and 2F). Prednisone alone and combined LCHJ
therapy exerted similar therapeutic effects,
improving renal histopathology and reducing
18G immune complex deposition in kidneys, as
well as reducing protein amounts in urine after
24 h (Figure 2D-F).

ANA and anti-dsDNA antibody levels in serum
were also measured to evaluate the therapeu-
tic effect of LCHJ on MRL/Ipr mice. After 10
weeks of LCHJ treatment, serum ANA and anti-
dsDNA antibody levels in MRL/Ipr mice were
decreased notably (Figure 2G), while predni-
sone alone and LCHJ combined therapy also
significantly reduced ANA and anti-dsDNA anti-
body levels in the serum of MRL/Ipr mice
(Figure 2G). Our results demonstrated that

Am J Transl Res 2021;13(11):12440-12460
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Table 2. Characterization of chemical components in LCHJ decoction using UPLC-MS/MS analysis

Peak no Identification t, (min) nr:gge [M?Ha]éfr;e/ci) [;fa(;lffffz) Appm Formula Ifjrg\r/s
1 Phenylalanine 4.69 ESI+ 166.086 166.0862  -1.20 COH11NO2 A, D
2 Tryptophan 6.07 ESI+ 205.0968 205.0971 -1.46 C11H12N202 A
3 Plantamajoside 6.15 ESI+ 641.2071 641.2076 -0.78 C29H36016 H
4 Salvianic acid A 6.29 ESI+ 199.0599  199.0601 -1.00 C9H1005 J
5 Salidroside 6.46  ESI+ 301.1275 301.1281  -1.99 C14H2007 E
6 Gentiopicroside 6.83 ESI-  355.1039  355.1023 451 C16H2009 L
7 Loganic acid 7.23 ESI- 375.1292  375.1285 1.87 C16H24010 L
8 L-Epicatechin 7.33 ESI+ 291.0856 291.0863 -2.41 C15H1406 K
9 tyrosine 7.34 ESI+ 182.0808 182.0811 -1.65 COH11NO3 A
10 Ferulic acid 7.47 ESI+  195.0647 195.0651  -2.05 C10H1004 I, L
11 Hyperoside 8.01 ESI+ 465.1022 465.1027 -1.08 C21H20012 F
12 Astragalin 8.2 ESI+ 4491069  449.1078 -2.00 C21H20011 F
13 Calycosin-7-glucoside  8.26  ESI+  447.1275 4471285 -2.23 C22H22010 C
14 Rutinum 8.35 ESI+ 611.1595 611.1606  -1.80 C27H30016 E
15 Isoacteoside 8.36 ESI+ 625.2121 625.2126  -0.80 C29H36015 H
16 Specnuezhenide 8.76 ESI+ 685.2355 685.2338 2.48 C31H42017 E
17 Acteoside 8.77 ESI- 625.2122 625.2126  -0.64 C29H36015 H
18 Isoquercitrin 8.78 ESI+ 465.1017 465.1027 -2.15 C21H20012 F
19 Quercetin 8.79 ESI+ 303.0494 303.0505 -3.63 C15H1007 F, N
20 Quercitrin 9.28 ESI+ 449.1069  449.1078 -2.00 C21H20011 F
21 Kaempferol 9.28 ESI+ 287.0544 287.0555  -3.83 C15H1006 F
22 Isorhamnetin 9.33 ESI+  317.0651 317.0655 -1.26 C16H1207 F
23 Daidzein 9.73 ESI+ 255.0645 255.0651 -2.35 C15H1004 K
24 Icariine 10.68 ESI+ 677.2419 677.2439 -2.95 C33H40015 G
25 Formononetin 10.97 ESI+ 269.08 269.0808 -2.97 C16H1204 K
26 Atractylenolide IlI 11.63 ESI+ 249.1479 249.1485 -2.41 C15H2003 B
27 Atractylenolide | 11.64 ESI+ 2311374 231.138 -2.60 C15H1802 B
28 Costunolide 11.96 ESI+ 233.1532 233.1536 -1.72 C15H2002 B
29 Astragaloside A 12.18 ESI+ 785.4677 785.4681 -0.51 C41H68014 C
30 Tanshinone | 12.35 ESI+ 277.0855 277.0859 -1.44 C18H1203 J
31 Cryptotanshinone 12.4  ESI+ 2971478 297.1485 -2.36 C19H2003 J
32 Astragaloside | 12.44 ESI+ 869.4869 869.4893 -2.76 C45H72016 C
33 Tanshinone Il A 12.71 ESI+ 295.1323 295.1329 -2.03 C19H1803 J
34 Pachymic acid 13 ESI+ 529.388 529.3887 -1.32 C33H5205 D

A: Pseudostellaria heterophylla (Miq.) Pax; B: Atractylodes macrocephala Koidz; C: Astragalus mongholicus Bunge; D: Poria
cocos (Schw.) Wolf; E: Ligustrum lucidum W. T. Aiton; F: Cuscuta chinensis Lam; G: Epimedium brevicornu Maxim; H: Plantago
asiatica L; I: Scleromitrion diffusum (Willd.) R. J. Wang; J: Salvia miltiorrhiza Bunge; K: Spatholobus suberectus Dunn; L: Gen-

tiana macrophylla Pall; M: Cinnamomum cassia (L.) J. Presl; N: Bistorta officinalis Delarbre.

LCHJ had significant therapeutic effects on
MRL/lpr mice.

Oral administration of LCHJ significantly pre-
vented the accumulation of DN T cells in MRL/
Ipr mice

First, we investigated the effects of LCHJ on the
frequency of CD3+ T and CD19+ B cells in
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MRL/Ipr mice. Treatment with LCHJ prevented
the increase in the frequency of CD3+ T cells
and elevated the percentage of CD19+ B cells
in splenocytes of MRL/Ipr mice (Figure 3A and
3C). LCHJ combined therapy with prednisone
also had similar effects on CD3+ T and CD19+
B cells, while prednisone alone did not (Figure
3A and 3C).

Am J Transl Res 2021;13(11):12440-12460
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Figure 2. Therapeutic effects of LCHJ on lupus in MRL/Ipr mice. A. Body weight of MRL/Ipr mice, n=10 per group. B.
Image of the spleen (Top panel) and lymph nodes (bottom panel) in MRL/Ipr mice. C. Spleen weight, spleen index,
lymph node weight, and lymph node index in MRL/Ipr mice; n=10 per group. D. Renal tissue pathological sections
were stained with HE, PASM, PAS, and Masson, original magnification: 400x, scale bar =60 um; n=4 per group. E.
Representative frozen stained sections with Alexa Flour 488-conjugated goat anti-mouse IgG (H+L) to determine
18G deposits level, original magnification: 200x, scale bar =100 um; n=5 per group. F. Urinary protein quantity;
n=10 per group. G. ANA and anti-dsDNA antibody levels in the serum of MRL/Ipr mice were measured using ELISA;
n=6 per group. Data are presented as the mean * SD; *P<0.05, #P<0.01 by one-way analysis of variance, versus

vehicle-treated mice.

Next, we observed the change in T cell subset
frequency in splenocytes of MRL/Ipr mice. Our
results showed that more than 50% of accumu-
lated CD3+ T cells in vehicle-treated MRL/Ipr
mice were DN T cells. Besides, LCHJ exhibited
significant effects on preventing the accumula-
tion of DN T cells and the percentage of DN T
cells among CD3+ T cells was significantly
reduced in MRL/Ipr mice treated with LCHJ
(Figure 3B). However, prednisone alone did not
show significant effects on reducing DN T cell
frequency among CD3+ T cells (Figure 3B).
LCHJ combined treatment with prednisone also
prevented the accumulation of DN T cells in
MRL/Ipr mice and reduced the DN T cells pro-
portion among CD3+ T cells (Figure 3B), while
LCHJ, prednisone, and combined treatment did
not exhibit obvious effects on the frequency of
CD4+ T and CD8+ T cells in MRL/Ipr mice
(Figure 3D and 3E). Our results indicated that
LCHJ significantly prevented the accumulation
of DN T cells in MRL/Ipr mice.

LCHJ and prednisone combined treatment pre-
vented activation and proliferation of T cells
and T cell subsets in MRL/Ipr mice

We further elucidate the effect of LCHJ treat-
ment on the activation and proliferation of T
cells. We stimulated splenocytes obtained from
MRL/Ipr mice using CpGC with PMA and
lonomycin in vitro for 5 h and measured CD69
expression in T cells and T cell subsets. CD3+ T
cells from MRL/Ipr mice either after LCHJ or
prednisone treatment did not show remarkably
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decreased CDG6G9 expression in CD3+ T cells
after stimulation of splenocytes in vitro (Figure
4A). Furthermore, combined LCHJ and predni-
sone therapy exhibited a significant suppres-
sion on CD3+ T cell activation in response to
stimulation (Figure 4A). We then used CpGC to
stimulate splenocytes for 24 h in vitro and
observed a change in CD3+ T cell frequency in
MRL/Ipr mice. Our results showed that only
combined LCHJ and prednisone treatment sig-
nificantly reduced the frequency of CD3+ T cells
after CpGC stimulation of splenocytes (Figure
4B).

DN T cell frequency among CD3+ T cells was
also decreased in MRL/Ipr mice treated with
LCHJ, prednisone, and their combination after
24 h stimulation of splenocytes in vitro (Figure
4C). In contrast, combined treatment with LCHJ
and prednisone reduced CD69 frequency
among DN T cells in MRL/Ipr mice, compared
with vehicle-treated MRL/Ipr mice (Figure 4D).
LCHJ, prednisone, and combined therapy sig-
nificantly decreased CD69 expression in CD8+
T cells, although the CD8+ T cell frequency did
not significantly change after 24 h of CpGC
stimulation (Figure 4F). Additionally, only com-
bined therapy with LCHJ and prednisone exhib-
ited significant effects on reducing the CD69+
cell frequency among CD4+ T cells in MRL/Ipr
mice (Figure 4E). Our results indicated that
LCHJ prevented activation and proliferation of
CD3+ T cells and T cell subsets in response to
stimulation. Importantly, LCHJ combined with
prednisone exhibited more significant suppres-

Am J Transl Res 2021;13(11):12440-12460
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Figure 3. Effects of LCHJ on CD3+ T cells and DN T cells in MRL/Ipr mice. A. Flow cytometry of CD3+CD19- T cells
in splenocytes in MRL/Ipr mice, and scatter plots with bars showing the frequency of CD3+CD19- T cells in spleno-
cytes; n=4 per group. B. Flow cytometry of DN T cells among CD3+ T cells, and scatter plots with bars showing the
frequency of DN T cells among CD3+ T cells; n=4 per group. C. Scatter plots with bars showing the frequency of
CD19+CD3- B cells in splenocytes in MRL/Ipr mice; n=4 per group. D. Scatter plots with bars showing the frequency
of CD4+ T cells in splenocytes in MRL/Ipr mice; n=4 per group. E. Scatter plots with bars showing the frequency
of CD8+ T cells in splenocytes in MRL/Ipr mice; n=4 per group. Data are presented as the mean + SD; #P<0.05,
#P<0.01, by one-way analysis of variance, versus vehicle-treated mice.

sive effects on T cells and T cell subsets, espe-
cially CD4+ T cells and DN T cells, in MRL/Ipr
mice in response to stimulation.

LCHJ significantly suppressed in vivo inflam-
mation and decreased Th1 frequency in CD4+
T cells in MRL/Ipr mice

We explored the effects of LCHJ on inflamma-
tion in MRL/Ipr mice in vivo. We observed that
serum levels of IFN-y, TNF, and IL-6 were signifi-
cantly decreased in MRL/Ipr mice after treat-
ment with LCHJ, prednisone, and their combi-
nation (Figure 5A).

Consistent with our results for the serum of
MRL/Ipr mice, IFN-y production in CD4+ T cells
in LCHJ-treated MRL/Ipr mice was significantly
reduced both after 5 and 48 h of splenocyte
stimulation with anti-CD3 and CpGC in vitro
(Figure 5B and 5C). Prednisone alone and com-
bined therapy also significantly reduced IFN-y
expression in CD4+ T cells in MRL/Ipr mice
(Figure 5B and 5C). Our results indicated that
LCHJ suppressed the production of IFN-y, TNF,
and IL-6 in serum and significantly reduced Th1
frequency in CD4+ T cells in MRL/Ipr mice.

LCHJ reduced in vivo multiple antibody subset
production in serum and prevented the accu-
mulation of plasma cells in MRL/Ipr mice

We observed the production of multiple anti-
body subsets in MRL/Ipr mice and explored
whether LCHJ affected the secretion of mul-
tiple antibody subsets in the serum of MRL/Ipr
mice. Compared with vehicle-treated mice,
total serum IgG and IgG1 levels in LCHJ-treat-
ed MRL/Ipr mice were significantly reduced
(Figure 6A). Prednisone-treated MRL/Ipr mice
exhibited a significant decrease in serum lev-
els of total IgG, 1gG1, and IgG2b (Figure 6A).
Different to total 1gG, IgG1, and IgG2b, serum
IgG3 levels in MRL/Ipr mice was also signifi-
cantly decreased after combined LCHJ and
prednisone treatment (Figure 6A).
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Next, we investigated whether LCHJ affected
plasma cells in MRL/Ipr mice. We observed
that the percentage of CD138+ cells was sig-
nificantly decreased in splenocytes in LCHJ-
treated MRL/Ipr mice both with and without
of splenocyte stimulation in vitro with CpGC for
24 h, compared with vehicle-treated MRL/Ipr
mice (Figure 6B and 6C). Other treatments also
had similar effects on CD138+ plasma cell fre-
quency in MRL/Ipr mice (Figure 6B and 6C).
Our results indicated that LCHJ suppressed the
accumulation of plasma cells and reduced the
production of in vivo multiple antibody subsets
in MRL/Ipr mice.

LCHJ reduced the accumulation of CD138+ T
cells in MRL/Ipr mice

We believed that plasma cells originated from
B cells. However, CD3+ plasma cells, i.e.
CD138+ T cells, were previously found in MRL/
Ipr mice as reported in some clinical studies
about plasmablastic B-cell neoplasms in recent
years [20, 21]. Moreover, it was reported that
CD138+ T cells play a role in the development
of MRL/Ipr mice and contribute to the produc-
tion of the anti-dsDNA antibody in vivo and in
vitro [22]. We investigated whether LCHJ fur-
ther exerted effects on CD138+ T cells. Without
stimulation, there was no obvious difference
in CD138+CD3- cell frequency in the spleno-
cytes of LCHJ-treated MRL/Ipr mice, compared
with that in those of vehicle-treated MRL/Ipr
mice (Figure 6D). However, the percentage of
CD138+CD3+ cells in splenocytes in LCHJ-
treated MRL/Ipr mice was significantly decre-
ased (Figure 6D). After 24 h the frequency of
CpGC-stimulated splenocytes, both CD138+
CD3+ cells and CD138+CD3- cells, in LCHJ-
treated MRL/Ipr mice was significantly decre-
ased, compared with that of vehicle-treated
mice (Figure 6E). Other treatments also exhib-
ited similar therapeutic, including LCHJ, predni-
sone, and combined therapy (Figure 6E).
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Figure 4. Effects of LCHJ on CD3+ T cells and DN T cells in CpGC stimulation. A. Flow cytometry of CD69 expression in CD3+ T cells in in vitro CpGC-, PMA-, and
lonomycin-stimulated splenocytes of MRL/Ipr mice for 5 h and scatter plots with bars showing the frequency of CD69 expressing CD3+ T cells; n=4, 5, 5, 5 per
group, respectively. B. Flow cytometry for CD3+CD19- T cells in CpGC-stimulated splenocytes in vitro for 24 h and scatter plots with bars showing the frequency of
CD3+CD19- T cells in splenocytes; n=4 per group. C. Flow cytometry of DN T cells among CD3+ T cells in CpGC-stimulated splenocytes in vitro for 24 h and scatter
plots with bars showing the frequency of DN T cells among CD3+ T cells; n=4 per group. D. Flow cytometry of CD69+ expression in DN T cells in CpGC-, PMA-, and
lonomycin-stimulated splenocytes of MRL/Ipr mice for 5 h and scatter plots with bars showing CD69 expression in DN T cells in MRL/Ipr mice; n=4, 5, 5, 5 per group,
respectively. E. Flow cytometry of CD69 expression in CD4+ T cells in CpGC-, PMA-, and lonomycin-stimulated splenocytes in MRL/Ipr mice for 5 h; scatter plots with
bars showing CD69 expression in CD4+ T cells (n=4, 5, 5, 5 per group, respectively) in CpGC-, PMA-, and lonomycin-stimulated splenocytes of MRL/Ipr mice for 5 h
and the frequency of CD4+ T cells in splenocytes (n=4 per group) in MRL/Ipr mice after CpGC stimulation for 24 h. F. Flow cytometry of CD69 expression in CD8+ T
cells in CpGC-, PMA-, and lonomycin-stimulated splenocytes of MRL/Ipr mice in vitro for 5 h; scatter plots with bars showing CD69 expression in CD8+ T cells (n=4,
5, 5, 5 per group, respectively) in CpGC-, PMA-, and lonomycin-stimulated splenocytes of MRL/Ipr mice in vitro for 5 h and the frequency of CD8+ T cells (n=4 per
group) in splenocytes in MRL/Ipr mice upon CpGC stimulation in vitro for 24 h. Data are presented as the mean * SD; #*P<0.05, #P<0.01, by one-way analysis of
variance, versus vehicle-treated mice.
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Figure 5. Effects of LCHJ on in vivo inflammation and Th1 cells in MRL/Ipr mice. A. Scatter plots with bars showing serum levels of multiple cytokines in MRL/Ipr
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Figure 6. Effects of LCHJ on the production of antibodies in serum and CD138+ plasma cells in MRL/Ipr mice. A. Scatter plots with bars showing serum levels of
total IgG and multiple antibody subsets in MRL/Ipr mice measured using ELISA and Luminex, respectively; n=6 per group. B. Flow cytometry of CD138+ plasma
cells in splenocytes of MRL/Ipr mice and scatter plots with bars showing the frequency of CD138+ plasma cells in splenocytes; n=4 per group. C. Flow cytometry of
CD138+ plasma cells in CpGC-stimulated splenocytes of MRL/Ipr mice in vitro for 24 h and scatter plots with bars showing the frequency of CD138+ plasma cells
in splenocytes; n=4 per group. D. Flow cytometry of CD138+CD3- and CD138+CD3+ cells in splenocytes of MRL/Ipr mice and scatter plots with bars showing the
frequency of CD138+CD3- and CD138+CD3+ cells in splenocytes; n=4 per group. E. Flow cytometry of CD138+CD3- and CD138+CD3+ cells in CpGC stimulation
of splenocytes in MRL/Ipr mice in vitro for 24 hours and scatter plots with bars showing the frequency of CD138+CD3- cells and CD138+CD3+ cells in splenocytes;
n=4 per group. F. Flow cytometry of CD4+CD138+ T cells in splenocytes of MRL/Ipr mice and scatter plots with bars showing the frequency of CD4+CD138+ T cells
in CD4+ T cells; n=4 per group. G. Flow cytometry of CD4+CD138+ T cells in CpGC-stimulated splenocytes of MRL/Ipr mice in vitro for 24 h and scatter plots with
bars showing the frequency of CD4+CD138+ T cells in CD4+ T cells; n=4 per group. Data are presented as the mean * SD; #*P<0.05, #P<0.01, by one-way analysis
of variance, versus vehicle-treated mice.
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LCHJ reduced the frequency of CD138+ T cells
originating from CD4+CD138- T cells in MRL/
Ipr mice

We further investigated the mechanism of how
LCHJ prevented the accumulation of CD138+ T
cells and measured the effects of LCHJ on
CD138 expression in CD4+ T cells in MRL/Ipr
mice. Compared with vehicle-treated mice,
LCHJ significantly decreased CD138 expres-
sion in CD4+ T cells in MRL/Ipr mice (Figure
6F). After 24 h of splenocyte stimulation with
CpGC, CD4+CD138+ T cell frequency among
CD4+ T cells was also decreased in LCHJ-
treated MRL/Ipr mice compared with that in
vehicle-treated mice (Figure 6G). Prednisone
alone and combined treatment also exhibited
significant effects on decreasing CD4+CD138+
T cell frequency among CD4+ T cells in MRL/Ipr
mice both in the absence and presence of
CpGC stimulation after 24 h (Figure 6F and 6G).
Our results indicated that LCHJ prevented the
accumulation of CD138+ T cells by reducing
the frequency of CD4+CD138+ T cells originat-
ed from CD4+CD138- T cells.

Discussion

In the present study, we have demonstrated
that LCHJ had significant therapeutic effects by
alleviating the enlargement of the spleen and
lymph nodes, improving renal injuries, and
decreasing the production of ANA and anti-dsD-
NA antibodies in MRL/Ipr mice. LCHJ had sig-
nificantly decreased serum levels of cytokines,
including IFN-y, TNF, and IL-6, which causes
suppression of the activation and proliferation
of CD3+ T cells, reduction of Th1 frequency in
CD4+ T cells, and prevention of the accumula-
tion of DN T cells in MRL/Ipr mice. LCHJ suc-
cessfully reduced the production of multiple
antibody subsets in the serum and suppressed
the accumulation of plasma cells in MRL/Ipr
mice. LCHJ prevented the accumulation of
CD138+ T cells in MRL/Ipr mice, which contrib-
uted to the decreased production of the anti-
dsDNA antibody. Moreover, we have shown that
LCHJ significantly decreased CD138 expres-
sion in CD4+ T cells, which might constitute the
underlying mechanism of how LCHJ prevented
the accumulation of CD138+ T cells.

DN T cells are known to play an important role
in the development of lupus in MRL/Ipr mice
[23, 24]. There is evidence that DN T cells par-
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ticipate in the aggravation of certain syndromes
and kidney injury in MRL/Ipr mice [23]. Our
results demonstrated that LCHJ significantly
prevented the accumulation of DN T cells in
MRL/Ipr mice and suppressed the activation of
DN T cells. Whether the origin of DN T cells in
MRL/Ipr mice found in mice was prone or not
prone to lupus, remains unclear and in dispute.
Researchers believed that DN T cells originated
from activated CD4+ T cells [25-29] and acti-
vated CD8+ T cells [30-33] which downregulate
CD4 or CD8 receptor expression on their sur-
face. Our results showed that LCHJ suppressed
the activation of CD4+ T and CD8+ T cells in
MRL/mice, especially significantly decreased
the frequency of activated CD8+ T cell. Our
results also suggested that the mechanism of
how LCHJ, especially when combined with pred-
nisone, decreased the accumulation of DN T
cells in MRL/Ipr mice, which may be closely
associated with the reduced frequencies of
activated CD4+ T and CD8+ T cells.

More evidence indicated that T cells play more
important roles in SLE compared to B cells [22,
23]. Autoantibody production in MRL/Ipr mice
promotes the development of lupus and con-
tributes to renal injury [22, 34, 35]. It was
believed that plasma cells, which secrete mul-
tiple antibodies or autoantibodies in MRL/Ipr
mice, were originated from B cells. Besides,
CD138+ T cells were identified previously in
MRL/Ipr mice and in patients who suffer from
plasmablastic B-cell neoplasms [20, 21]. In the
present study, we observed that the majority of
CD138+ plasma cells in MRL/Ipr mice were
CD138+ T cells which expressed both CD3 and
CD138. Further evidence that CD138+ T cell
frequency in T cells increases as lupus is devel-
oped in MRL/Ipr mice but not in mice that are
not prone to lupus was also provided [22].
Importantly, researchers also demonstrated
that CD138+ T cells promote the progression of
lupus in MRL/Ipr mice and significantly contrib-
ute to the production of anti-dsDNA antibody
both in vivo and in vitro [22]. In the present
study, we observed that LCHJ significantly pre-
vented the accumulation of plasma cells in
MRL/Ipr mice. Furthermore, the accumulation
of CD138+ T cells was also significantly
decreased in LCHJ-treated MRL/Ipr mice. This
indicated that decreased serum anti-dsDNA
levels in MRL/Ipr mice treated with LCHJ were
associated with its accumulation-preventing
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effects for CD138+ T cells in MRL/Ipr mice.
Moreover, LCHJ also significantly decreased
CD138+ T cell frequency after 24 h CpGC
stimulation in splenocytes. Previous research
has demonstrated that CD138+ T cells main-
ly originate from CD4+CD138- T cells [22].
Further, we also found that LCHJ significantly
decreased CD4+CD138 T cells originated from
CD4+CD138- T cells in MRL/mice. This result-
ed in the reduced accumulation of CD138+ T
cells in MRL/Ipr mice after LCHJ treatment.

Inflammation induced by immune complexes
and other activated molecules results in multi-
ple organ injuries and promotes the develop-
ment SLE in vivo [36]. Previous studies report-
ed increased levels of multiple cytokines in
serum in MRL/Ipr mice [37]. Here, LCHJ signifi-
cantly decreased levels of IFN-tiple cytokines in
serum in MRL/ecNumlpr mice. Previous rese-
arch also reported increased inflammation in
MRL/Ipr mice due to an increased level of mul-
tiple cytokines in the serum [37, 38]. It has
been demonstrated that serum IFN-y levels sig-
nificantly increased in patients with SLE and
MRL/Ipr mice [37, 39]. IFN-y dramatically pro-
motes the proliferation of DN T cells and signifi-
cantly increases the expression of FasL on the
surface of DN T cells in MRL/Ipr mice [40, 41].
Besides, DN T cells in MRL/Ipr mice are strong-
ly cytotoxic, overexpressing FasL, which results
in autoimmune injuries of multiple tissues that
express small amounts of Fas receptor [23,
42]. These results demonstrate that IFN-y is
involved in lupus development and tissue inju-
ries in MRL/Ipr mice. In our study, LCHJ also
significantly decreased IFN-y expression in
CD4+ T cells in MRL/Ipr mice after both 5 and
48 h of splenocyte stimulation in vitro. These
results indicated that LCHJ decreased Th1 cell
frequency among CD4+ T cells and reduced
IFN-y serum levels in MRL/Ipr mice, and we
believe that it prevented DN T cell accumula-
tion and alleviated renal injury in MRL/Ipr mice,
which was induced by DN T cells.

LCHJ, as a decoction of traditional medicine,
has been used for patients with inactive SLE in
the clinic and is usually combined with predni-
sone to prevent active SLE in patients who are
in remission. Importantly, LCHJ treatment was
chosen and applied to decrease the dose of
prednisone for patients with inactive SLE. In
the clinic, the application of LCHJ and predni-
sone combination showed better therapeutic
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effects and significantly prevented active SLE
in patients who were in remission. In the pres-
ent study, we also investigated the underlying
mechanism of how LCHJ combined with predni-
sone significantly prevents the development of
active SLE in patients in remission. LCHJ com-
bined with prednisone showed significant ther-
apeutic effects on MRL/Ipr mice. CpGC stimu-
lation was used in this study to mimic in vivo
conditions of active SLE, i.e. to induce the
secretion of IFN-a to promote SLE development
and aggravate tissue injury [43-45]. Compared
with LCHJ or prednisone treatment alone, com-
bined treatment more significantly prevented
the activation and accumulation of T cells in
response to CpGC stimulation, especially acti-
vation and accumulation of DN T cells, hence
leading to a milder response of T cell stimula-
tion. This phenomenon explained why com-
bined LCHJ and prednisone treatment more
significantly prevented active SLE in patients
who were in remission.

Conclusion

Our results demonstrated that LCHJ has signifi-
cant therapeutic effects on MRL/Ipr mice. LCHJ
reduces frequencies of activated CD4+ and
CD8+ T cells, decreases Thl frequency among
CD4+ T cells and IFN-y levels in serum. These
result in LCHJ preventing the accumulation of
DN T cells in MRL/Ipr mice, which further con-
tributes to alleviating renal injuries and the
enlargement of spleen and lymph nodes. LCHJ
suppresses inflammation in vivo in MRL/lpr
mice via decreasing serum IFN-y, TNF, and
IL-6 levels and reducing Thl frequency among
CD4+ T cells. LCHJ prevents the accumulation
of plasma cells, and subsequently decreases
the production of multiple antibody subsets in
MRL/Ipr mice. Importantly, LCHJ decreases the
frequency of CD4+CD138+ T cells, which origi-
nate from CD4+CD138- T cells and further pre-
vents the accumulation of CD138+ T cells in
MRL/Ipr mice, which contributes to decreased
production of anti-dsDNA antibody in vivo in
MRL/Ipr mice.
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