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Xuemaitong granules attenuate carotid
atherosclerosis by decreasing the expression
of CD14+CD16+ monocytes, I1L-6, TNF-a,
and hsCRP
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ABSTRACT. Carotid atherosclerosis (CAS) has been extensively
studied because its position can be easily observed. Our objective was
to investigate the effects of Xuemaitong granules on the generation and
activation of CD14+CD16+ monocytes on the inflammatory reaction
in CAS patients. In this study, 22 male apolipoprotein E (apoE)-
deficient mice were fed a high-fat diet for 13 weeks. After induction
of an atherosclerotic plaque, the animals were randomly divided
into the Xuemaitong granule group (450.5 mg/kg via intragastric
administration, N = 11) and the control group (equal volume saline
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via intragastric administration, N = 11). Venous blood was obtained to
analyze monocyte and CD14+CD16+ inflammatory monocyte levels,
as well as interleukin (IL)-6, tumor necrosis factor (TNF)-a, and high-
sensitivity C-reactive protein (hsCRP). For clinical studies, 100 CAS
patients received oral administration of Xuemaitong granules for 6
months. Monocytes, CD14+CD16+ inflammatory monocytes, and
the inflammatory cytokines IL-6, TNF-a, and hsCRP were analyzed.
Compared with the control group, a remarkable decrease in the
number of monocytes and CD14+CD16+ inflammatory monocytes as
well as TNF-a, hsCRP, and IL-6 was noted in the Xuemaitong group.
Compared with before treatment levels, the proportions of monocytes
and their subsets of CD14+CD16+ inflammatory monocytes and the
concentration of the inflammatory cytokines IL-6, TNF-a, and hsCRP
significantly decreased. Xuemaitong granules played a significant role
in the anti-inflammatory reactions. In addition, the granules attenuated
the expression of the CDI14+CDI16+ inflammatory monocytes,
resulting in the downregulation of the cytokines IL-6, TNF-a, and
hsCRP.
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INTRODUCTION

Carotid atherosclerosis (CAS), a type of systematic atherosclerosis (AS), has been
extensively studied because its position can be easily observed. Additionally, these studies
play a vital role for research by directly guiding clinical practice. Since 2003, we have
investigated the use of traditional Chinese medicine (TCM) in patients with CAS. Accord-
ing to our previous studies, patients administered Xuemaitong granules, a TCM believed
to remove blood stasis and downgrade turbidity of the kidney, showed satisfactory clinical
outcomes (Zhang et al., 2006, 2007). However, its mechanism is still not well defined.
Currently, AS has been well accepted to be an inflammatory disease since the first report
by Ross (1999), revelead that AS is characterized by high lipoprotein and cholesterol
plasma concentrations.

Recently, the mechanism of the inflammatory reaction in patients with athero-
sclerotic cardiovascular disease has been extensively studied (Imanishi et al., 2010; Me-
rino et al., 2011; Berg et al., 2012; Rogacev et al., 2012; Zawada et al., 2012), which may
provide some new ideas for clinical diagnosis and treatment. Based on these studies, the
CD14+CD16+ monocyte subpopulation is thought to be closely related to inflammation
in AS patients. As Xuemaitong granules have anti-inflammation effects, we hypothesized
that they would suppress the inflammatory reaction by attenuating the proliferation and
activation of CD14+CD16+ monocytes. In this study, we investigated the effects of Xue-
maitong granules on CD14+CD16+ monocytes and the inflammatory factors interleukin
(IL)-6, tumor necrosis factor (TNF)-a, and high-sensitivity C-reactive protein (hsCRP)
in AS patients.
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MATERIAL AND METHODS

Twenty-two male apolipoprotein E (apoE)-knockout mice (8-week-old, body
weight: 20-22 g) with a C57/B1 genetic background were purchased from the Nanjing Bio-
medical Research Institutes of Nanjing University (Changzhou, China). The animals were
raised in the Laboratory Animal Center and fed a high-fat diet (21% fat, 0.15% cholesterol,
treated using 60 Coy rays). The animals were housed under controlled temperatures (22-
24°C) with a 12-h light/12-h dark cycle and food and water. The raising condition was grade
2 and relative humidity was 50%. After exposure to the diet for 13 weeks, AS plaques were
formed. The mice were randomly assigned into 2 groups: the Xuemaitong granule group
(450.5 mg/kg via intragastric administration, N = 11) and the control group (equal volume
saline via intragastric administration, N = 11).

No food and water was given 24 h before blood collection. Blood collection was
performed from the orbital venous plexus. Next, 100 uL. whole blood was used to test the
proportion of monocytes. The remaining whole blood was centrifuged to collect the serum.
Serum was stored at -70°C.

One hundred CAS patients (male: 68, female: 32, aged 50-85 years) who had re-
ceived intervention of Xuemaitong granules in our hospital were enrolled in this study. Clear
sclerosis and plaques were identified in carotid arteries by color Doppler imaging. All pa-
tients were willing to receive an oral dose of Xuemaitong granules (twice daily, 17.5 g each
dose) for 6 months. Exclusion criteria included patients with acute infection, cancer, autoim-
mune diseases, and chronic liver disease. The proportion of CD14+CD16+ monocytes was
detected, and the serum was separated from the blood sample. Samples were preserved at
-70°C for further study. All patients signed informed consent. This study was approved by
the Ethics Committee of Changzhou TCM Hospital Affiliated with Nanjing TCM University.

Determination of monocytes and subgroups

To evaluate monocytes, 30 puL preliminary mixed monoclonal antibodies (CD14-
FITC/CD16-PE/CD45-PerCP; BD Biosciences; Franklin Lakes, NJ, USA) were added to the
test tube. Next, 100 uL whole blood was added. After oscillating and blending, samples were
incubated in the dark for 20 min, after which 500 pL hemolysin was added and the mixture
was incubated for 8 min. Next, 500 uL phosphate-buffered saline (PBS) was added and the
sample was blended for 10 min. The samples were loaded into the machine, monocytes were
selected on the 2-parameter charts of CD45 and SSC, and then 2-parameter charts of CD14
and CD16 were used to analyze the proportion of monocytes in total leukocytes, CD14+
CD16+ monocytes, and CD14+CD16- monocytes.

Expression of IL-6, TNF-a, and hsCRP in serum

IL-6 and TNF-a levels were determined using enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems; Minneapolis, MN, USA). The tests were performed strictly
according to the protocols provided by the manufacturer. The Array 360 system (Beckman
Specific Protein Analyzer; Brea, CA, USA) was used for protein analysis. The level of hsCRP
was detected using a scattering immunoturbidimetric assay.
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Determination of the inflammatory factors IL-6 and TNF-a in the plaque

Total RNA was extracted according to the TRIzol kit instructions (Invitrogen;
Carlsbad, CA, USA). For reverse transcription, 1 pg RNA and 1 pL 0.5 pg/uL Oligo (dT)
primer were added. The total volume of the transcription reaction was 12 pL. After blend-
ing, samples were incubated at 65°C for 5 min. Next, 1 pL 20 U/uL RiboLock Ribonucle-
ase inhibitor (Thermo Fisher Scientific, Shanghai, China), 4 pL 5X reaction buffer, and 2
pL 10 mM dNTPs were added, and the reaction was incubated at 37°C for 5 min. Finally,
1 pL 200 U/p L RevertAid M-Mulv Reverse Transcriptase was added to a 20 uL volume.
The mixture was incubated at 42°C for 60 min, followed by heating at 72°C for 10 min to
terminate the reaction.

Real-time polymerase chain reaction (PCR)
Real-time PCR was performed according to the method provided by Roche (Mannheim,
Germany) in a 20-pL volume using 1 pL ¢cDNA, 1 pL forward primer, 1 pL reverse primer

(Table 1), and 10 L SYBGreen Mix. The thermal cycling conditions were as follows: Stage
1 =1 cycle, 5 min at 95°C; Stage 2 = 45 cycles, 20 s at 95°C, 20 s at 65°C, and 20 s at 72°C.

Table 1. Sequence of the primers for real-time PCR.

Item Sequence of forward primer Sequence of reverse primer

GAPDH 5'“TGCCCCCATGTTTGTGAT-3' 5-GTCTTCTGGGTGGCAGTGAT-3'

IL-6 5'-GAAATCGTGGAAATGAGAAAAGAG-3' 5'-CCTGATTATATCCAGTTTGGTAGCA-3'
TNF-a 5'-CCTCTTCTCATTCCTGCTTGTG-3' 5'-CACTTGGTGGTTTGCTACGAC-3'

Western blot analysis

Western blot analysis was performed as previously described (Fulda et al., 2000).
Briefly, tissues were homogenized in RIPA lysis buffer containing protease and phosphatase
inhibitors. Proteins were separated by electrophoresis on a 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred to a Hybond-P polyvinylidene
fluoride membrane. Subsequently, the membrane was blocked in 5% nonfat milk and incu-
bated with an IL-6 or TNF-a primary antibody (1:1000 dilution) overnight at 4°C, followed
by incubation with peroxidase-conjugated rabbit anti-goat secondary antibody (1:1000 dilu-
tion) for 1 h at room temperature. After washing with Tris-buffered saline containing Tween
20 (TBST), bound primary antibody was visualized using the Enhanced Chemiluminescence
System from Amersham (Piscataway, NJ, USA) and exposed to film. The same membrane was
probed for B-actin, which was used as a loading control.

Statistical analysis
All data are reported as means =+ standard deviation. The SPSS 11.5 software was used

for the statistical analysis (SPSS, Inc.; Chicago, IL, USA). The Student ¢-test was performed
for intergroup comparisons. P < 0.05 was considered to be statistically significant.
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RESULTS

In this study, we investigated the effects of Xuemaitong granules on the expression of
GrlLow (equivalent to the CD14+CD16+ inflammation mononuclear cells). A significant dif-
ference was observed in the monocyte to leukocyte ratio in the Xuemaitong group compared
to the control group (921 + 92/104 vs 698 + 71/104, P < 0.01). In addition, a statistical differ-
ence was noted in the Xuemaitong group in the GrlLow/monocyte ratio compared with that of
the control group (191 £+ 54/104 vs 75 £ 41/104, P <0.01).

In the Xuemaitong group, the Grlhigh to leukocyte ratio was 730 + 98/104, which showed
no statistical difference compared with the control group (634 + 117/104, P> 0.05; Figure 1). The
concentrations of the inflammatory factors I1L-6, TNF-a, and hsCRP were also determined. The
results showed statistical differences between the control group and the Xuemaitong group (17.9 +
1.7vs 11.3+ 0.9 ng/L, P <0.05; 52.8 + 6.3 vs 36.9 £ 4.6 ng/L, P < 0.05; 933.6 = 148.5 vs 781.4 +
95.9 ng/L, respectively, P < 0.05; Figure 2). The levels of IL-6 and TNF-o were determined using
reverse transcription PCR and Western blot analysis and demonstrated a remarkable decrease in the
Xuemaitong group compared with the control group (Figure 3).

A

» 1200- control XMT
@
(]
[ ¥k
=
= 800
=
B
2
o 4004
o P
5] 5
E 8

0- T

control XMT

400- 1000~
» £
T 300 T 750
o o
o 2 ==
< Sk =
2 2004 3 5004
2 &
£ 100 2 250-
O (O]

0- T 0- '

control XMT control XMT

Figure 1. A. Monocytes/leukocytes in Xuemaitong group and control group in apoE knockout mice. B. Monocyte
subsets GrlLow/monocytes in Xuemaitong group and control group in apoE knockout mice. C. Monocyte subsets
GrlLow/leukocytes in Xuemaitong group and control group in apoE knockout mice; D. Monocyte subsets Grlhigh/
leukocytes in Xuemaitong group and control group in apoE knockout mice. Control = control group. XMT =
Xuemaitong group. **P < 0.01.

Genetics and Molecular Research 13 (3): 7519-7527 (2014) ©FUNPEC-RP www.funpecrp.com.br



Q. Zhang et al. 7524

>
vy

609 yx . = 1200-
[=]
= 50-/H control £ *
=) c
£ L
= 40- = 800- —
2 a0 £
- -
g g
S 20 xx & 400-
o o
c o
o 104 14
0 2 0_ T
IL-6 TNF-q control XMT

Figure 2. A. Serum concentrations of the IL-6 and TNF-o in Xuemaitong granules group and control group in
apoE knockout mice; B. Serum concentration of hs-CRP in Xuemaitong group and control group. Control = control
group. XMT = Xuemaitong group.
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Figure 3. A. Expression of IL-6 and TNF-o in apoE knockout mice determined using Q-PCR; B. Expression of IL -
6 and TNF-a in apoE knockout mice determined using Western blot. Control = control group. XMT = Xuemaitong
group.

In our study, the effects of Xuemaitong on CD14+CD16+ monocytes were investi-
gated. The results showed that the monocyte to leukocyte ratio was 738 + 174 per 10* cells
before administration of Xuemaitong granules, while the ratio was 603 + 118 per 10* cells
after treatment. A paired-samples Student 7-test was performed, which showed a significant
difference between groups (P < 0.05). The CD14+CD16+ monocyte to leukocyte ratio was
69 + 25/104 after treatment. A statistical difference was observed when compared with the
baseline level (131 £45/104, P<0.01). The CD14++CD16- monocyte to leukocytes ratio was
605 £ 134/104 and 545 = 121/104, respectively (P > 0.05, Figure 4). Additionally, the concen-
tration of the peripheral blood inflammatory factors IL-6, TNF-a, and hsCRP in patients were
determined. Statistical differences were observed for IL-6, TNF-a,, and hsCRP (40.0 = 12.2 vs
27.6 £ 7.1 ng/L; 71.6 +£ 17.3 vs 54.0 £ 14.9 ng/L; 6891.5 + 1735.4 vs 4848.9 + 1231.9 ng/L,
respectively; Figure 5).

Genetics and Molecular Research 13 (3): 7519-7527 (2014) ©FUNPEC-RP www.funpecrp.com.br



Xuemaitong granules attenuate carotid atherosclerosis 7525

B

>

1200~ before after
o) N
3 3 %
2 * @ o«
£ 800+ 2 18.46% | ° 10.22%
ve e t\jo_ . LS
3 ;
§’ 400+ o’ % o
a
g [GA°N SR 2
= 700 107 102 108 10% F0 10 104
0- CcD14

before afier

(@]
O

P 200+ © 800

:

% 150 *k § 600— —

2 <

e e

= 1004 < 400

& £

- — —

a 3

O 50+ ¥ 200-

+ +

I s

o o

o o . o oA .
before after before after

Figure 4. A. Monocytes/leukocytes in CAS patients; B. Ratio of CD14+CD16 + monocytes among the monocytes
in CAS patients; C. CD14+CD16+ monocytes/leukocytes in CAS patients; D. CD14++CD16- monocyte/leukocytes
in CAS patients. *P < 0.05, **P < 0.01.
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Figure 5. A. Concentrations of IL-6 and TNF-o of CAS patients; B. Levels of hs-CRP level CAS patients. Control
= control group. XMT = Xuemaitong group.

DISCUSSION

TNF-a, IL-6, and CRP are related to AS. When TNF-a acts on vascular endothelial cells,
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vascular injury and thrombosis occur (Miller et al., 2005). IL-6 plays an important role in the
modulation of inflammation, host defense, and tissue damage. Additionally, it is crucial in the acute
phase reaction and in CRP synthesis in liver cells. Furthermore, TNF-o. is the main circulation
material that connects the systemic immune response to local vascular injury. CRP is considered to
be one of the most important inflammation markers of acute cardiovascular events. Studies have
shown that CRP has direct effects on the proinflammatory response as it can directly influence the
atherosclerotic lesion vessels by activating the complement system to accelerate the development
of lesion inflammation and atherosclerosis. Makita et al. (2005) found that after adjusting for age
and traditional risk factors, a correlation was observed between CRP and carotid artery plaques.

Monocyte-macrophages play a crucial role in the formation and development of ath-
erosclerosis (Bobryshev, 2006; Swirski et al., 2006). Monocytes are a major source of athero-
sclerosis plaques in foam cells. Additionally, they are inflammatory cytokine-generating cells
and secrete various matrix metalloproteinases to degrade the fiber composition in plaques,
promoting the formation of vulnerable plaque. Monocytes can be divided into 2 subpopula-
tions (i.e., CD14++CD16- and CD14+CD16+) according to their varying expression levels
of CD16. CD14++CD16- subpopulations are the major type of monocytes, while the CD14+
CD16+ subpopulation accounts for only 5-10% of monocytes. Compared with the CD14++
CD16- subpopulation, inflammatory chemotactic factors are present on the CD14+CD16+ cell
membrane surfaces and can upregulate receptor expression (Tacke et al., 2007) and enhance
the formation of TNF-a and IL-6 (Frankenberger et al., 1996; Belge et al., 2002; Ancuta et
al., 2006). Belge et al. (2002) showed that CD14+CD16+ monocytes were the main source of
TNF-a. Schlitt et al. (2004) found that the expression of peripheral CD14+CD16+ monocytes
was closely associated with the formation of TNF-a. Additionally, high levels of vascular
cell adhesion molecule-1 (ICAM - 1) ligands, CD11a and CD11c ligands, were observed in
CD14+CD16+ monocytes, which may promote the adhesion of these cells to the endothelium
and the migration of monocytes into target tissues (Graziano et al., 2003). Furthermore, Heine
et al. (2008) proposed that CD14++CD16+ monocytes, but not total monocyte numbers, could
be used to predict cardiovascular events in dialysis patients.

Previous studies indicated that Xuemaitong granules could induce a remarkable de-
crease in blood lipid levels, particularly triglycerides (Zhang et al., 2006, 2007). In this study,
apoE-knockout mice were used to investigate the influence of Xuemaitong granules on Grl-
Low (equivalent to the CD14+CD16+ inflammation mononuclear cells). Lipid metabolism
disorders and blood vessel wall damage are important factors in the pathogenesis of AS. In
apoE-knockout mice, hypercholesterolemia may occur as the clearance of cholesterol was
found to be reduced. Additionally, fiber plaques and composite plaques were formed, of which
the distribution was similar to those observed in humans. Our results demonstrated that the
monocyte to leukocyte ratio in the Xuemaitong group was significantly lower than that in the
control group. We hypothesize that this was mainly caused by the GrlLow subset. Neverthe-
less, a significant decrease was noted in the Grlhigh subset (equivalent to the CD14+CD16+-
mononuclear cells). Compared with the control group, the levels of IL-6, TNF-a, and hsCRP
showed significant decreases after administration of Xuemaitong granules.

To investigate the effects of Xuemaitong on the pathogenesis of CAS, 100 CAS pa-
tients were selected. The proportion of monocytes and CD14+CD16+ monocytes was deter-
mined. After treatment, a significant decrease was observed in the proportion of peripheral
blood monocytes among leukocytes. This was mainly caused by CD14+CD16+ monocytes.
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However, no remarkable decrease was noted in CD14+CD16- monocytes. Additionally, serum
IL-6, TNF-a, and hsCRP in the Xuemaitong group showed a significant decrease compared
with the control group.

In conclusion, TCM Xuemaitong granules can reduce the secretion of inflammation
factors by attenuating the formation of CD14+CD16+ monocytes. We propose that this medi-
cine may be useful for treating carotid artery atherosclerosis.
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