Biomedical Research 2013; 24 (4): 421-428 ISSN 0970-938X

http://www.biomedres.info

Sudy on the plasma protein joint diagnostic value of coronary heart
disease with unstable angina blood stasis.

Hua Xie'", Kuo Gao'", Jianxin Chen'*, Huihui Zhao', Saxena, AK ?*and Wei Wang"

!Beijing University of Chinese Medicine, 11 Bei Sdnan Dong Lu, Chao Yang District, Beijing 10002%ji&x
“Banaras Hindu Univ, Inst Med Sci, Ctr Expt Med &&uHuman Cytogenet Lab, Varanasi 221005, Uttadé&si,
India.

Abstract

Value of Apolipoprotein A | (ApoA-1), al-antitrypsin (al-AT), actin a (ACTa), fibronectin
(FN), haptoglobin (Hp) on the early diagnosis of coronary heart disease (CHD) with unstable
angina (UA) blood stasis syndrome was investigated. Severe screening of 30 every cases of
plasma samples with qi deficiency and blood stasis syndrome, phlegm and blood stasis syn-
drome, by western-blot analysis to detect 5 protein expression levels; Logistic regression
analysis to analyze the diagnostic accuracy of plasma proteins combination. Detected five fea-
tures of protein in thetwo type of CHD, and ApoA-I expression were declined, lower than the
control group of healthy people; four proteins expression were significantly higher. By corre-
lation analysis, ApoA-I is positively correlated with HDL and high negative with MCHC; al-
AT isnegatively related to MCH; FN and TT are positively correlated; HP and LDL are posi-
tively correlated; ACTa and glucose are positively related. a1-AT, FN, HP, ACTa and healthy
people are positively related, except ApoA-1. The diagnostic model composed of five proteins
is gpecific. Combination of the characteristic of this protein group may become a new bio-
marker in the clinical diagnosis.
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blood stasis, in order to find more specific higlmetex
group, the early diagnosis of cardiovascular disgply
Coronary heart disease (CHD) is the complex andmaj an active role on the prevention and treatmenttiDC
diseases of the serious harm the health of thelgloepu-
lation in China, the occurrence of CHD, the devalept
of a variety of factors under the action of vari@spects
of complex chronic formation process. Accordingtatis-
tics, in patients with CHD hospitalization, 60%tbé first  General Information

performance is Unstable Angina (UA). Currently, the60 observed Cases of CHD in-patients, from Beifing-
pathogenesis of UA is still not entirely clear, rthés no  versity of Chinese Medicine subsidiary DongzhimessH
clear marker of early diagnosis. In the pre-reseavork  pital, the First Affiliated Hospital of Inner Montia
of this group, we found that the phlegm and blo@gjisa- Medical College hospital, from November 2007 to @®ct
tion syndrome and qi deficiency blood stasis of sah ber 2009, 30 cases of unstable angina phlegm aai bl

I ntroduction

Materialsand Methods

the characteristics of protein, we selected sopeesenta-
tive of the five protein for the study, to furthexplore the
function of each protein as well as the relatiopshith
clinical diagnosis, and to determine the signifamrof
each protein in the diagnosis of CHD with unstarigina
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stasis syndrome, 30 cases of unstable angina igietefy
and blood stasis syndrome, including 23 males ahte3
males, mean age (67 + 12) years old , another 8€saaf
healthy control group, from Beijing University ohibese
Medicine medical workers, including 15 males and 15
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females, no blood stasis performance, consistetht the
rest of the basic situation.

Diagnosis standards of CHD refer to “Treatment @woé
Stable Angina” (ACC/AHA/ACP-ASIM,1999) and “Diag-
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Sample of each hole are&f), the volume of the molecu-
lar weight protein standard wagl!3 hole.

western-blot detection
10% SDS-PAGE electrophoresis 2h, voltage 100V; 100V

nosis and Treatment Recommendations of Unstable AB00mA, 100W, electrotransfer 1.5h (transmembrame ti

gina’(China Medical Society of Cardiology, 2000)7]L
Diagnosis standards of TCM syndrome refer to “Ghgdi
principles for the clinical study of Chinese Medies and
new drugs”(2002) [3].

All hospitalized patients had signed the informeasent
voluntarily, excluded acute myocardial infarctiomyo-

carditis, cardiac neurosis, abnormal heart rhythimsr-

costal neuralgia patients; angina caused by otiseases,
such as rheumatic fever, syphilis, congenital cargn
anomalies, hypertrophic cardiomyopathy, aortic a$ésor
regurgitation; or associated with stroke, diabel@sy in-

fections, nephritis, kidney failure, urinary traofections,

rheumatism; serious diseases of liver, kidney, hepui

etic system, pregnancy or lactating women, patiguitis

allergic.

The healthy control group whose physical examimatb
ECG, chest radiograph, liver and kidney functiolgod
biochemical routine examination had no abnormaliéied
no blood stasis performance. Deal with three groofps
general information by statistical methods, thdéedénce
was not significant® > 0.05), and was comparable.

Instruments and reagents
Protein electrophoresis, Electrotransfer system{®d

proportional to the molecular weight of the projei@b-
served the effect of the membrane by ponceau stpand
washed away the ponceau. Closed PVDF membrane with
5% nonfat dry milk in TBST for 1h at room temperatu
According to an appropriate proportion with bloakiso-
lution to dilute primary antibody and incubatedrabm
temperature for 2h or 4°C overnight. After incubati
rinsed the PVDF membrane with blocking solution for
three times, each 10min. Reference to two anti-raanu
accordance with the appropriate proportion of haidieh
peroxidase (HRP)-conjugated secondary antibodyerAft
incubated PVDF membrane 1h , rinsing with PBST for
three times, 10min each time, washing within 1hden-
tify. The results of luminescence were identifiesing
ECL and exposure cassette at different time pointag-

ing in medical X-ray film, each experiment was rajeel
three times. Image scanning, preservation, analysis

Detect the patient's serum biochemical parameters

Early in the morning, collecting fasting blood wihntico-
agulantion or not anti-clotting, using the automatio-
chemical analyzer to determination of blood glucose
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), thrombin clotting
time (TT), low-density lipoprotein (LDL), high-deibs
lipoprotein (HDL) levels.

products). Flatbed Scanner Umax Computer Co., Ltd.

products, the Bradford Protein Assay kit was puselda
from Beijing Puli Lai; ApoA-lI Hp, FN, AC%& antibodies
were purchased from British Abcam;-AT antibodies

Statistical Methods
Data were analyzed using SPSS software, using ANOVA
analysis method for multi-group comparison, analys

were purchased from Beijing Boaosen company; the ECyariance, the overall difference between groupsifsgnt

ultra-sensitive light-emitting liquid was purchas@om

to meet normality and homogeneity of variance, piai

Roche, Switzerland; EasySee Western Marker (20-8PkD comparisons with LSD method; use Tamhane method

purchased in a full-gold Bio technology Co., Ltd.Bei-

jing; PVDF membrane was purchased from Beijing Pu'inental data wit s

Lai; the rest of the biochemical reagents werenaflyical
grade.

Methods

Material and preparation of protein sapies

60 patients were admitted to hospital in two dasken
2ml of fasting venous blood, EDTA, 4 °C, 3000r/nien-
trifugal 10min, then packing the supernatant, saate¢80
°C refrigerator. the same as the healthy people. Bitad-
ford method for the determination of plasma prot=in-
tent. The protein concentration isuddul. Mixed the
plasma protein samples with sample buffer in airmpil
water bath for 3min, then quickly insert the sarapiteice.

when heterogeneity of variance. Represents theriexpe

t s, P <0.05 was considered statisti-
cally significant; Logistic regression analysis-ckastep-
ping regression analysis, SPSS17.0 software tyzméhe
diagnostic accuracy.

Results

The differentially expressed proteins are deteciadthe
two types of the CHD

ApoA-I, protein bands corresponding molecular weigh
about 31Kdap;-AT protein bands corresponding molecu-
lar weight of about 52KDa; AGI protein bands corre-
sponding molecular weight of about 42KDa; FN prote
bands corresponding molecular weight of about 268KD
Hp protein bands corresponding molecular weigtatafut

Add the samples in the hole of gel to electrophisres 45Kda (Figures 1, 2, 3, 4, 5).
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Quantitative analysis of protein bands
The control group of healthy human’s ApoA-I proteixp-
ression was higher than that of gi deficiency alodd sta-  170KD
sis syndrome, phlegm and blood stasis syndromeshadii
M 1 2 3

deficiency and blood stasis syndrome group hadbthest,
but the difference was significant. Qi defidgrand
blood stasis syndrome, phlegm and blood stasisreymel

Figure 4. Western-blot results of FN. Markerl The con-
trol group of healthy people; 2 Qi deficiency aniddul
stasis syndrome group; 3 Phlegm and blood stagis sy
drome group

25KDa
Figure 1. Western-blot results of ApoA-l. Markefl The M 1 2 3

control group of healthy people; 2 Qi deficiencyddrood

stasis syndrome group; 3 Phlegm and blood stagis SY Figure 5. Western-blot results of Hp. Markerl The con-
drome group trol group of healthy people; 2 Qi deficiency aniddul
stasis syndrome group; 3 Phlegm and blood stagis sy
drome group

40KDa

60KDa

of a;-AT, ACTa, FN, HP protein expression were
higher than the control group of healthy peopledefi-
ciency and blood stasis syndrome group was theehktgh
phlegm and blood stasis syndrome group, followedhley
healthy control group was the lowest, qi deficierand
blood stasis syndrome group and the healthy cogtmlp
showed a significan®(<0.05) (Table 1).

40KDa

Figure 2. Western-blot results af;-AT. Marker; 1 The
control group of healthy people; 2 Qi deficiencyddiood e correlation coefficient

stasis syndrome group; 3 Phlegm and blood stasis sy the results of ApoA-lgs-AT, ACTa, FN, HP and clinical

drome group biochemical indicators ~ ApoA-l is positively celated
with HDL, but high negative correlation with MCHG@G;-
AT negatively correlated with MCH; FN and TT is pos
tively correlated; the HP positively correlated iwitDL;
ACTua positively correlated with blood glucose (Table 2)

60KDa

Plasma protein combination of diagnostic model rétsu
a;-AT, FN, HP, ACTo and healthy people are positively
related, ApoA-I and healthy people are negativelgated.
Application of five proteins can distinguish betwee
healthy individuals and patients with CHD, accurady
77.8%(Table 3); ApoA-l and FN are positively coateld
Figure 3. Western-blot results of AGT Marker; 1 The with gi deficiency and blood-stasis syndrome, ACIE
control group of healthy people; 2 Qi deficiencyddrood negative correlated with qi deficiency and blodass,
stasis syndrome group; 3 Phlegm and blood stasis syapplication of ApoA-l, ACT, FN can distinguish qi defi-
drome group ciency and blood stasis, phlegm and blood stasidreyne
patients, accuracy of 66.7% (Table 4).

40KDa

M 1 2 3
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Table 1.Western-blot analysis results of each group aitesl proteins (OD values)

Group N ApOoA-I a-AT ACTa FN Hp
Healthy group 30 0.9822+0.17 0.9843+0.19 1.01+0.30 0.72+0.30 P8
Qi deficiency and blood 30 0.87+0.27 1.4775+0.45 1.71%0.79 1.23+0.40 1.36+0.21
stasis syndrome group
Phlegm and blood stasis 30 30 0.89+0.31 1.4212+0.61 1.21+0.56 1.11+0.54 .2840.26

syndrome group

Note: Compared with the healthy control group<0.05

Table 2.The correlation coefficient results of ApoA=};AT, ACTx, FN, HP and clinical biochemical indicators

n Blood glucose HDL LDL MCH MCHC TT
Sig.(2-tailed) 0.11 0.037  0.436 0.698 0 0.134
ApoA-1 30 pearson Correlation  0.315 0.403* 0.156 -0.08 -0.660* -0.3
Sig.(2-tailed) 0.724 0.694  0.13 0.013 0.875 0.844
@-AT 30 pearson Correlation  -0.07 0.079  0.299 0.471*  -0.032  -0.04
Sig.(2-tailed) 0.048 0.668  0.289 0.861 0.208 0.855
ACTa 30  pearson Correlation  0.385* -0.086 -0.212 -0.05 -0.25 -0.04
Sig.(2-tailed) 0.553 0.729  0.582 0.6 0.642 0.045
FN 30  pearson Correlation  0.119 0.07 0.111 0.11 0.094  0.388*
Sig.(2-tailed) 0.559 0.248  0.017 0.998 0.256 0.32
HP 30 Pearson Correlation -0.12 -0.23 0.455* 0 0.226 0.199

Note: *. Correlation is significant at the 0.05 &\(2-tailed)

**_Correlation is significant at the 0.01 level-3iled).

Table 3.The determination mode used to distinguish betvz#h patients with blood stasis and healthy people

Classification Table®

Observed Predicted
chd Percentage Correct
healthy people CHD
Step 1 chd healthy people 6 3 66.7
CHD 3 15 83.3
Overall Percentage 77.8
Step 2 chd healthy people 5 4 55.6
CHD 3 15 83.3
Overall Percentage 74.1
Step 3 chd healthy people 5 4 55.6
CHD 3 15 83.3
Overall Percentage 74.1
Step 4 chd healthy people 1 8 11.1
CHD 1 17 94.4
Overall Percentage 66.7
Step 5 chd healthy people 2 7 22.2
CHD 1 17 94.4
Overall Percentage 70.4
Step 6 chd healthy people 0 9 .0
CHD 0 18 100.0
Overall Percentage 66.7

a. The cut value is .500
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Variablesin the Equation

B Regression coefficien S.E. Wald df Sig. Exp(B)
Step £  ApoA-l -3.375 2.298 2.157 1 142 .034
a-AT .610 .957 406 1 524 1.840
ACTa 1.518 .985 2.375 1 123 4.564
HP 2.297 1.584 2.101 1 147 9.942
FN .758 1.218 .387 1 534 2.134
Constant -2.199 3.113 499 1 .480 A11
Step 2 ApoA-l -3.127 2.200 2.021 1 .155 .044
a-AT 454 .923 242 1 .622 1.575
ACTa 1.430 .929 2.371 1 124 4.180
HP 2.270 1.588 2.043 1 153 9.683
Constant -1.393 2.842 .240 1 .624 .248
Step3  ApoA-l -2.940 2.123 1.918 1 .166 .053
ACTa 1.397 921 2.301 1 129 4.043
HP 2.459 1.563 2.475 1 116 11.698
Constant -1.126 2.760 .166 1 .683 .324
Step4 ACTa .956 .837 1.305 1 .253 2.602
HP 2.312 1.499 2.379 1 123 10.095
Constant -3.172 2.378 1.779 1 .182 .042
Step3 HP 1.687 1.275 1.750 1 .186 5.401
Constant -1.239 1.505 677 1 411 .290
Step 8  Constant .693 .408 2.883 1 .090 2.000

a. Variable(s) entered on step 1:ApoAdAT,ACTa,HP,FN.

Regression equationY=-3.375* ApoA-I +0.61%,-AT +1.518*ACTa+2.297*HP +0.758*FN
Note: Back stepping regression analysis. The optinealel is marked in red.

Table 4.The determination mode used to distinguish betwgateficiency and blood stasis syndrome , Phlegich an
blood stasis syndrome

Classification Table®

Predicted
gixue
Observed Qi deficiency and blood Phlegm and blood Pt(e:rcentage
. 4 orrect
stasis syndrome stasis syndrome

Step 1 gixue Qi deficiency and blood stasis syndrome 8 2 80.0
Phlegm and blood stasis syndrome 4 4 50.0

Overall Percentage 66.7
Step 2 . Qi deficiency and blood stasis syndrome 8 2 80.0
qixue Phlegm and blood stasis syndrome 4 4 50.0

Overall Percentage 66.7
Step 3 gixue Qi deficiency and blood stasis syndrome 8 2 80.0
Phlegm and blood stasis syndrome 4 4 50.0

Overall Percentage 66.7
Step 4 Qixue Qi deficiency and blood stasis syndrome 7 3 70.0
Phlegm and blood stasis syndrome 5 3 37.5

Overall Percentage 55.6
Step5 qixue Qi deficiency and blood stasis syndrome 6 4 60.0
Phlegm and blood stasis syndrome 5 3 37.5

Overall Percentage 50.0
Step 6 qgixue Qi deficiency and blood stasis syndrome 10 0 100.0
Phlegm and blood stasis syndrome 8 0 .0
Overall Percentage 55.6

a. The cut value is .500
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Variablesin the Equation

B S.E. Wald df Sig. Exp(B)
Step ApoA-I 1.115 2.100 .282 1 .595 3.050
og-AT -.001 1.028 .000 1 .999 .999
ACTa -.932 .907 1.055 1 .304 .394
HP 323 1.422 .052 1 .820 1.382
FN 492 1.083 .207 1 .649 1.636
Constant -.833 2.916 .082 1 775 435
Step 2 ApoA-I 1.114 2.019 .305 1 .581 3.048
ACTa -.932 .898 1.078 1 .299 .394
HP .323 1.422 .052 1 .820 1.382
FN 492 1.082 .207 1 .649 1.636
Constant -.834 2.695 .096 1 757 434
Step 3 ApoA-I 1.099 2.012 .298 1 .585 3.000
ACTa -.982 .881 1.243 1 .265 374
FN .519 1.067 .237 1 .626 1.681
Constant -.383 1.824 .044 1 .834 .682
Step 4 ApoA-I 1.166 1.982 .346 1 .556 3.209
ACTa -.889 .859 1.071 1 301 411
Constant -.038 1.666 .001 1 .982 .962
Step 8 ACTa -.680 .759 .803 1 .370 .507
Constant .696 1.110 .393 1 531 2.005
Step 8 Constant -.223 A74 221 1 .638 .800
a. Variable(s) entered on step 1:Apo&dAT,ACT,HP,FN.
Regression equationY=1.099*ApoA-1 -0.982*ACd+0.519*FN
Note: Back stepping regression analysis. The optmualel is marked in red.
Discussion plasma protein expression reflect the obvious chawfy

the biological basis in CHD blood stasis patietisdy.
Study on TCM syndromes is to reveal the hiddennseie 1N€re are also differences between the two typ@HiD
connotation in TCM syndrome theory with modern medi Plood stasis patients, while the five proteins esged
cal theory, and clarify the microscopic mechanisim oWith clinical indicators. TCM believes that "all tiin
TCM diagnosis and treatment of a variety of syndrom Must be shaped to various outside”. Syndromes apesh
and its related diseases. The researchers hoppptp a On the outside of the four diagnostic macroscopfort
modern science and technology method to find thie-ma Mation can combined protein changes in the intriggn-
rial basis of TCM syndrome, these substances diterm dromes to reveal the pathogenesis of the syndrohese
the dynamic process of development of the syndrasne, findings suggest that the ApoA-ul-AT, ACTa, FN, Hp
special material which produced in the developnmt Involved in the occurrence and development procéss
the syndrome [4], as modern medical diagnosis disa CHD blood stasis, relevant pathophysiological imirg
ease, to find objective indicators. However, thmptex-  lipid metabolism disorders, inflammation, energytane
ity of TCM syndrome indicates: between the syndromepO"C disturbance, blood coagulate abnormalities, e

and pathogenic factors, the physical and chemichita- . . .
P gen prys! ApoA-I is the main structural component of HDL, whi

tors, prescription effect, there is a nonlineaatiehship, : ; .
so the positioning of the syndromes should be ateg. IS a protective protein, but need to be CO’.“.b'”a“ HDI.‘
complexes in order to express the activity. It anti-

This study through the comparison between normdl an .
pathological samples of protein components, and-confP©'ter cholesterol from the arterial wall and foass,
parison between the same disease syndrome, is&hpe and can effectively prevent the superoxide anioitlax

to find a unique protein expression of certain aéss or tive modification Of.LDL’ which can prevent the oce
the same disease with different syndrome type ftioen rence of CHD. Studies have shown that the rolepdA

integrity, and to create a system of regular cdnkesc I not o_nIy in the_r_egulation of lipid metabolism,_lt also
tween protein polymorphisms and TCM disease type, d't IS @ kind of anti-inflammatory effects of negatiphase
agnosis and prescription, and to find the commdnrea proteins [6]. ApOA-I protein expression was sigraintly

; ; : lower than healthy people in the plasma of CHD 8loo
f th d I ty of pathogda
?ors [tla:_)].syn fome in a complex variely of patogente stasis, which prompted that ApoA-I may be reledseah

HDL in the acute reaction, generated through tierde-
The above experimental results show that: Abnormaion with the white blood cells and other inflamoat

42¢€ Biomed Res- India 2013 Volume 24 Issue 4
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cells, reducing IgG-mediated neutrophil degranatati
and peroxidase, which play the anti-inflammatorfeets

[71.

ay-AT is one of the most important protease inhibitor

human plasma, which has a wide range of effecte. Th

role of o,-AT is anti-inflammatory or proinflammatory
activity under different conditions, often as a kearof
the inflammatory response [8]. WhepAT has the activ-
ity of the serine protease inhibitor, mainly rote anti-

inflammatory, anti-apoptosis and anti-damage; Whef!

playing the role of protease inhibitoks-AT has the ac-
tivity of raised the white blood cells or monocytesd
related to the tissue damage caused by inflammatien

sis process, and its serum levels of infectionyrtra, in-
flammation, cancer, myocardial infarction and otper
thological conditions were significantly increasétp in
serum is an important angiogenic factors, whichmute
endothelial cell growth and differentiation of ndlood
vessels [10]. Heliovaara [11] found that Hp positoorre-
lation with blood total cholesterol level, body rmasdex,
obesity rates, and lipid metabolism disorder. Bpidl
deposition is an important cause of atherosclerds§
Hp expression elevated in the plasma of blood stsi-
rome of angina pectoris may be the body starbaaitt-
rial self-protection system.

CHD blood stasis lacks of unique, specific pathgphy

AT protein expression was significantly higher thanflogical changes, Therefore, the research of the sy

healthy people in the plasma of patients with CH&bb
stasis. After intimal injury, one possibility isaha;-AT,
from the circulatory system, combines the endathekll
surface, diffusion into the arterial wall, bloodikecytes
and other inflammatory factors gathered at the sfte
atherosclerotic injury, the intimal thickening otague
formation, resulting in a pathological product sptitum”
and "stasis". Another possibility is that the asewall
produce a large number of-AT to protect the vascular
tissue by inhibiting elastase activity.

dromes should be holistic: "the overall responsehtdf
complex giant system of the body under the patticédg
state.” Five proteins involved in the developmertcpss
of CHD blood stasis. The joint dynamic monitoring o
five proteins can be used as regular screeningrasmd-
toring indicators of early diagnosis, treatmentgurosis
and prevention of CHD blood stasis. Application of
ApoA-l, as-AT, FN, Hp, ACTo protein can distinguish
between healthy individuals and patients with CHii®
accuracy rate of 77.8%; Application of ApdA-FN and
the ACTa proteins can distinguish between CHD patients
with qi deficiency and phlegm blood stasis syndrpthe

ACTa is the unique protein that we found in the 2-DE;qcyracy rate of 66.7%. Therefore, the combinatén
MALDI-TOF-MS analysis of gi deficiency and blood yhis characteristic protein group can be appliedth®
stasis syndrome. AGTexpression in heart, skeletal mus- .jinical diagnosis and the role of drug researdhcrse,

cle, measured AGT in plasma showed that patients with
gi deficiency and blood stasis may be the presarice
myocardial injury, ACT released into the plasma after
myocardial cell injury. As AC& binding of ATP, myocar-
dial cells may exist energy metabolic disturbarifer
myocardial injury in patients, the clinical sympteshow
hortness of breath, fatigue, listlessness and odedr
ciency symptoms.

FN may be the characteristics of molecules of di-de
ciency and blood stasis. FN relevant to blood clzdgu
may be qi deficiency and blood stasis started tbitireg
system, qi deficiency more likely to occur sta$is.[9]
first proposed that FN is a mediated platelet aidhesnd
aggregation pathway besides the von Willebrandofact
and fibrinogen. The clinical symptoms of gi defioiy
and blood stasis are usually ligula dulling andlisgioal
venae varicose, may be associated with abnormaksxp
sion of clotting-related protein. In the study, detected
FN protein in the plasma of CHD blood stasis, tkegres-
sion of FN protein in patients was higher than lie t
healthy individuals, indicating the CHD blood stapia-
tients with clotting disorders.

Hp is an antibacterial effect of protein, Hp aseamute-
phase proteins plays an important role in hosstasce
of infection and damaged tissue repairing and hataeo

Biomed Res- India 2013 Volume 24 Issue 4

as a follow-up and development of the existing ltesof
this study, we will further expand the number cdesmand
subjects cases were followed to analyze the didignos
model and the disease prognosis, which will helfintd a
more realistic value of biomarkers for CHD.
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