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Abstract

Introduction: For the past 20 years, percutaneous coronary intervention (PCI) became a major method of treatment
inmyocardial infarction and stable angina patients. The study was aimed to assess the prognostic role of inflammation
biomarkers to evaluate the risk for restenosis in myocardial infarction and stable angina patients undergoing PCI.
Materials and Methods: A total of 73 patients with myocardial infarction and 109 patients with stable angina,
aged 41-74 years were examined. The blood samples were tested immediately before and 7 days after PCI for
interferon (IFN)-y, 11-6, 11-8, IL-17/IL-17A, TNF-a, TNF-B, tumor necrosis factor (TGF)-B1, and TGF-f2, control
coronary angiography was performed in all patients at 12 months follow-up. Results: The abnormally high rates
of [IFN-y pre-PCI (odds ratio [OR] = 5.21) and 7 days after (OR = 3.84), IL-6 pre-PCI (OR = 1.59), IL-8 pre-PCI
(OR =1.73), IL-17 pre-PCI (OR = 3.07) and 7 days after (OR = 2.34), TNF-a pre-PCI (OR = 1.88), TNF-f3 pre-PCI
(OR = 1.98) and growth factors — TGF-B1 7 days after PCI (OR = 1.82) and TGF-B2 7 days after PCI (OR =2.04)
predict an event of restenosis during 1 year after PCI. Conclusion: Our results may help to explain the findings that
inflammation-related endothelial cell and macrophage activation may predict restenosis event in acute myocardial
infarction patients and stable angina patients with more significance in acute myocardial infarction patients.
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several months after initially successful PCI,
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the adventitia but rather extended from the injured vessel
throughout the surrounding tissues."

At the same time, several studies in humans have been
performed to investigate the role of inflammation in prognosis
after PCI. There were identified that some pro-inflammatory
biomarkers (interferon [IFN]-y,* IL-6,57 TL-8,1 IL-17,"
TNF-0,® and TNF-B) and anti-inflammatory acting
transforming growth factors (TGF-B15) and TGF-B2!'%) can
be a potential link between inflammation and restenosis event
after PCI. However, there is still not an endpoint of view on
the prognostic value of these biomarkers in restenosis, and
the problem is still discussible.

Consequently, the impact of pro- and anti-inflammatory
biomarkers on the development of restenosis after PCI needs
to be studied.

This study was objected to assess the prognostic role of
inflammation biomarkers to evaluate the risk for restenosis in
myocardial infarction and stable angina patients undergoing
PCIL.

SUBJECTS AND METHODS

This study was conducted in the period between January 2013
and January 2016. The study group includes 73 patients with
myocardial infarction and 109 patients with stable angina
admitted to the Pacific State Medical University and Primorye
Regional Clinical Hospital Nel, Vladivostok. All participants
of the study had been angiographically diagnosed to have the
adverse effect of PCI within 12 months after the procedure.

Inclusion criteria

Age 41-74 years, stable angina 1-3 functional grades,
ST-segment elevation myocardial infarction (STEMI),
primary PCI, and with no gender restrictions were included
in the study.

Exclusion criteria

Under 41 years of age and older than 74 years, non-ST-
STEMI (NSTEMI), or unstable angina STEMI, cardiogenic
shock, history of PCI or coronary artery bypass surgery,
chronic heart failure of stage 3, fibrinolytic therapy prior
emergency PCI, patients with oncology, autoimmune and
psychiatric diseases were excluded from the study.

Healthy control group includes 90 healthy volunteers were
enrolled in this study so as to compare the general level
of the cytokines and growth factors involved in the study.
Reference limits in the healthy population are listed in
Table 1 and represented in pg/ml for cytokines and ng/ml for
growth factors.
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Table 1: Reference limits of cytokines and growth

factors: Median, 25" and 75" quartiles
Markers

Reference limits in healthy
population

Cytokine, pg/ml

IFN-y 10.54 (7.40;12.20)
IL-6 2.17 (1.07;2.64)
IL-8 19.47 (8.41;29.32)
IL-17 5.57 (1.89;9.45)
TNF-a 4.44 (3.62;5.13)
TNF-B 0.74 (0.02;3.40)
Growth factors, ng/ml

TGF-p1 19.02 (17.50;23.54)
TGF-p2 150.82 (132.71;161.14)

IFN: Interferon

Blood sampling

Peripheral blood samples were taken immediately before and
7 days after PCI.

The Quantikine human IFN-y, 11-6, I1-8, IL-17/IL-17A, TNF-
a, TNF-B, TGF-B1, and TGF-2 (R and D Systems, Inc.,
Minneapolis, MN, USA) immunoassay solid phase sandwich-
type ELISA tests were used, for: Human IFN-y, 11-6, II-8,
IL-17/IL-17A, TNF-a, TNF-B, TGF-B1, and TGF-p2.

Coronary procedures

Coronary angiography was performed with Judkin’s left and
right catheters (J14.0; JR 4.0) through the left and right femoral
artery using a digital angiographic system (Innova 3100, US,
General Electrics). Angiography, coronary angioplasty, and
stent implantation were performed by experienced doctors
only. Target vessel angiographic stenosis >65% was the
indication to PCI.

The event of restenosis was identified if luminal diameter
loss of target vessel >50% of the acute minimal lumen
diameter by angiography. Repeat coronary angiography was
conducted in all patients (1 year after PCI).

Statistical analysis

Data are represented as the mean standard deviation for
quantitative variables with distribution closed to a normal and
were compared using Student’s ¢-test. For quantitative variables
with a nonnormal distribution are expressed as median and
25%-75% quartiles. The data were compared with the Mann—
Whitney U-test. Categorical variables are represented as
absolute and its percentage and compared with the Chi-square
test. Logistic regression analysis was performed to determine
predictors of restenosis event 1 year after PCL




'verse outcomes

Before multiple logistic regression analysis, all patients
with and without restenosis were divided into two groups
according to the presence of abnormal rate of cytokines or
growth factors, i.e., subjects who had abnormal rate of any
cytokine or growth factor and developed restenosis during
12 months follow-up were assigned as the “risk” group and
patients who had normal rate of any cytokine or growth factor
and developed restenosis during 12 months follow-up were
assigned as the “non-risk” group. Multiple logistic regression
analysis was performed to assess the influences each factor
cytokine and growth factor, and the odds ratio (OR), and 95%
confidence interval (95% CI) were calculated. The predictors
with OR and its 95% CI > 1.0 were considered as statistically
significant in the prognosis of restenosis event.

Statistical analyses were processed using the Statistical
Package for the Social Sciences software (SPSS 20.0).
A critical limit of P < 0.05 was considered as significant.

Ethics

The study protocol was approved by the local ethics
committee of the Pacific State Medical University according
to the World Medical Association Declaration of Helsinki
Ethical Principles for Medical Research Involving Human
Subjects,!"! and the “Good Clinical Practice Principles in the
Russian Federation” approved by the Russian Ministry of
Health.['¥ Written informed consent was obtained from all
patients prior involving in the study (the protocol 3/13 from
09.12.2013).

RESULTS

General characteristics of the study groups related to vessel
lesions are presented in Table 2. All patients had stenosis
of target vessel more than 80%. Uni-vessel lesions were
significantly predominant in group of stable angina patients
(66.06% vs. 52.05%; P =0.04). Restenosis rate was similar in
patients with myocardial infarction or stable angina (9.59%
vs. 9.17%; P = 0.34).

The preprocedural levels and follow-up on 7% day levels of
plasma IFN-y in both groups were significantly higher than
those in the control group. Also was observed that plasma level
of [FN-y decreased from 36.89 (36.54; 37.92) pg/ml to 30.34
(29.76; 30.98) pg/ml on 7th day after PCI in acute myocardial
infarction patients and from 28.89 (25.61; 32.17) pg/ml to

13.89(7.89; 19.89) pg/ml in stable angina patients. Intergroup
comparison showed that parameters of IFN-y before and
after 7 days were significantly higher in the group of acute
myocardial infarction patients than in the stable angina group
(36.89 [36.54; 37.92] pg/ml vs. 28.89 [25.61; 32.17] pg/ml;
P =0.04 before PCI and 30.34 [29.76; 30.98] pg/ml vs. 13.89
[7.89; 19.89] pg/ml; P = 0.001 in 7 days after procedure)
[Table 3].

The concentration of IL-6 in the acute myocardial infarction
and stable angina groups was significantly different relatively
the healthy control group. Acute myocardial infarction
intragroup dynamics the level of IL-6 decreased in 3 times
from initial (12.02 (6.73; 12.76) pg/ml to 4.03 (3.72; 4.57)
pg/ml) on 7th day after the procedure. Oppositely, the plasma
concentration of IL-6 in stable angina patients tends to be
increased from 4.14 (3.24; 5.05) pg/ml prior to 7.95 (5.53;
10.37) pg/ml after PCI. According to IL-6 measurements, the
difference between acute myocardial infarction and stable
angina patients was found in preprocedural levels only (12.02
[6.73; 12.76] pg/ml vs. 4.14 [3.24; 5.05] pg/ml; P = 0.001)
[Table 3].

IL-8 pre-PCI level was also significantly exceeded in both
patients groups than reference limits in healthy people. The
concentration of IL-8 prior PCI and on 7" days after was
stable in acute myocardial infarction patients. However, in
the group of stable angina patients, the plasma concentration
of IL-8 was prone to decreasing in 7 days after PCI procedure.
It should be noted, that preprocedural and follow-up levels
of IL-8 were significantly higher in the group of myocardial
infarction compare to stable angina (pre-PCI: 221.81 [135.75;
229.81] pg/ml vs. 192.16 [173.22; 211.10] pg/ml; P = 0.001;
7 days: 226.57 [216.35; 258.87] pg/ml vs. 114.07 [106.14;
122.00] pg/ml; P=0.001) [Table 3].

The concentrations of IL-17 in the myocardial infarction
patients as well pre-procedure time as after 7 days were
significantly lower than limit ranges in healthy. At the same
time, the levels of IL-17 in stable angina patients were higher
than control and myocardial infarction group [Table 3].

Pre-PCI and 7 days levels of TNF-a were closed to reference
limits in acute myocardial infarction cases. Interestingly, but
in stable angina patients, these parameters were significantly
decreased compare opposite group (pre-PCI: 1.08 [0.78;
1.39] pg/ml vs. 5.96 [2.40; 6.10] pg/ml; P =0.01 and 7 days:
1.91[1.02; 2.81] pg/ml vs. 5.74 [2.32; 6.23] pg/ml; P =0.01)

Table 2: General characteristics of the study groups: n (%)

Variable Acute myocardial infarction (n=73) Stable angina (n=109) P-value
Stenosis of target vessel, % 89.94+10.58 81.77+12.45 0.42
Uni-vessel lesion 38 (52.05) 72 (66.06) 0.04
Multi-vessel lesion 35 (47.95) 37 (33.94) 0.04
Restenosis rate 7 (9.59) 10 (9.17) 0.34
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Table 3: IFN-y, IL-6, IL-8, IL-17, TNF-a, and TNF-f levels of pre-PCl, 7 days and follow-up at 12-month in

patients with restenosis after PCI: Median, 25™ and 75™ quartiles

Variable, pg/ml Acute myocardial infarction (n=73) Stable angina (n=109) P-value
IFN-y pre-PCI 36.89 (36.54; 37.92)** 28.89 (25.61; 32.17)*** 0.04
IFN-y 7 days 30.34 (29.76; 30.98)*** 13.89 (7.89; 19.89) 0.001
IL-6 pre-PCI 12.02 (6.73; 12.76)*** 4.14 (3.24; 5.05)* 0.001
IL-6 7 days 4.03 (3.72; 4.57)** 7.95 (5.53; 10.37)** 0.06
IL-8 pre-PCl 221.81 (135.75; 229.81)*** 192.16 (173.22; 211.10)*** 0.001
IL-8 7 days 226.57 (216.35; 258.87) *** 114.07 (106.14; 122.00)*** 0.001
IL-17 pre-PCI 3.03 (2.31; 3.64)* 18.98 (16.42; 21.55)* 0.001
IL-17 7 days 2.41 (1.59; 2.85)* 14.14 (10.69; 17.59)* 0.001
TNF-o pre-PCI 5.96 (2.40; 6.10) 1.08 (0.78; 1.39)* 0.01
TNF-o 7 days 5.74 (2.32; 6.23) 1.91 (1.02; 2.81)* 0.01
TNF-( pre-PCI 10.14 (5.77; 10.14)** 5.25 (4.24; 6.26)* 0.01
TNF-B 7 days 21.74 (16.55; 21.74)*** 3.57 (2.63; 4.51) 0.001

*P<0.05 in comparison with the control group; **P<0.01 in comparison with the control group; ***P<0.001 in comparison with the control

group

Table 4: TGF-f1 and TGF-p2 levels of pre-PCl, 7 days, and follow-up at 12-month in patients with restenosis

after PCl: Median, 25" and 75" quartiles

Variable, ng/ml Acute myocardial infarction (n=73) Stable angina (n=109) P-value
TGF-p1 pre-PCI 33.39 (27.15; 42.76)* 22.76 (20.38; 25.140) 0.04
TGF-B1 7 days 34.62 (30.29; 37.71)* 20.02 (17.90; 22.15) 0.04
TGF-p2 pre-PCI 84 (72.56; 87.51)*** 66.89 (53.81; 79.97)*** 0.01
TGF-B2 7 days 62.18 (45.10; 67.94)*** 62.11 (56.33; 67.90)*** 0.27

*P<0.05 in comparison with the control group; **P<0.01 in comparison with the control group; *P<0.001 in comparison with the control group

and concentrations in healthy volunteers group [Table 3].

The plasma concentration of TNF-f increased on 7th day
after PCI in acute myocardial infarction patients which
was significantly different from the results of stable angina
group. There was tendency to normalization 7 days past.
In general picture, we observed significantly higher levels
in the group of myocardial infarction than in the stable
angina group (pre-PCI: 10.14 [5.77; 10.14] pg/ml vs. 5.25
[4.24; 6.26] pg/ml; P=0.01 and 7 days: 21.74 [16.55; 21.74]
pg/ml vs. 3.57 [2.63; 4.51] pg/ml; P =0.001) [Table 3].

The concentrations of TGF-B1 in time before PCI and in
7 days after were very near in acute myocardial infarction. The
similar trend we found in stable angina patients. Wherein TGF-
B1 pre-PCI and TGF-B1 7 days concentration in the group of
myocardial infarction were significantly higher than in the
stable angina group (pre-PCI: 33.39 [27.15; 42.76] ng/ml vs
22.76[20.38;25.140] ng/ml; P=0.04 and 7 days: 34.62[30.29;
37.71] ng/ml vs. 20.02 [17.90; 22.15] ng/ml; P = 0.04). The
plasma level of TGF-B2 was higher prior RCI in myocardial
infarction patients than in stable angina patients (84 [72.56;
87.51]ng/mlvs. 66.89[53.81;79.97] ng/ml; P=0.01). But, and
before procedure, and in 7 days after TGF-B2 concentrations
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were significantly lower than in reference ranges of the control
group (P<0.001) [Table 4].

The pre- and post-procedural levels of cytokines: IFN-y,
IL-6, IL-8, IL-17, TNF-a, TNF-B, and growth factors: TGF-
B1 and TGF-B2 were associated with restenosis event in
myocardial infarction and stable angina patients. However,
the role of statistically significant predictors of PCI’s adverse
outcome during 12-months follow-up in the study played
IFN-y pre-PCI (OR = 5.21) and 7 days after (OR = 3.84),
IL-6 pre- PCI (OR = 1.59), IL-8 pre-PCI (OR = 1.73), IL-17
pre-PCI (OR = 3.07) and 7 days after (OR = 2.34), TNF-a
pre-PCI (OR = 1.88), TNF-f pre-PCI (OR = 1.98) and growth
factors — TGF-B1 7 days after PCI (OR = 1.82) and TGF-f2 7
days after PCI (OR = 2.04) [Figures 1 and 2].

DISCUSSION

The biology of restenosis is different from that seen after balloon
angioplasty. After balloon angioplasty, there are thrombus
formation, intimal hyperplasia development, elastic coil, and
negative remodeling. Negative remodeling is a condition in
which the vessel area decreases in size, often as a result of
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Figure 1: Interferon-y, interleukin (IL)-6, IL-8, IL-17, tumor
necrosis factor (TNF)-a, and TNF-B abnormal rate odds ratio
of pre-percutaneous coronary intervention (PCI), 7 days and
follow-up at 12-month in patients with restenosis after PCI

OR, 95% CI
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Figure 2: TGF-p1 and TGF-f2 abnormal rate odds ratio of
pre-percutaneous coronary intervention (PCI), 7 days and
follow-up at 12-month in patients with restenosis after PCI

a structural change in the vessel wall. It is a major factor in
restenosis following balloon angioplasty. In contrast, after stent
placement, elastic coil and negative remodeling are eliminated,
and thrombus formation followed by intimal hyperplasia
development are the main contributors to restenosis.!'

The present study showed that elevated circulating levels of
IFN-y, IL-6, IL-8, IL-17, TNF-a, TNF-f, and growth factors:
TGF-B1 and TGF-B2 were associated with rapid angiographic
coronary artery stenosis progression in patients with acute
myocardial infarction and stable angina. Our study confirms
previous observations from others regarding restenosis after
PCT and indicates that restenosis development is associated
with inflammatory mechanisms and endothelial activation.

Some studies have shown that the predictor ability of IFN-y is
significant only at the stage before stenting, and in follow-up,
it has no predictive significance.

We found that acute myocardial infarction patients tend to
have the highest level of preprocedural and follow-up at 7 days
IFN-y. Despite the common ways of pathomorphological
changes in vessels are injured by stent placement there were
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significant differences IFN-y. Probably, these findings are
explained by the earlier and faster inflammatory initiation
of [FN-y in patients with acute myocardial infarction than in
stable angina group.

Kubica et al. indicated the effect of TNF-a.on the complications
prognosis after PCI. They found that combined analysis of
C-reactive protein and TNF-a can be an effective approach
to predicting clinical restenosis, and the long-term result is
significantly dependent on the activation of inflammation
during the PCL! Navarro-Lopez et al. found that plasma
concentrations of TNF-a and IL-6 increase significantly after
PCI and remain high for 6 months.I'S) However, the study
Hoole et al., no associations with TNF-o prognosis after
myocardial infarction PCI was not found.!"” TNF-f is a part of
the family of tumor necrosis factor cytokines that mediate the
inflammatory and immune response, can also affect cell death
or differentiation and provides an important link between
lymphocytes. Several genetic and clinical studies demonstrated
the role of TNF-f as a risk factor in the pathogenesis of
cardiovascular diseases, including myocardial infarction,
aortic aneurysm, and cerebral infarction.'”? IL-6 is a pro-
inflammatory cytokine, whose production of cardiomyocytes
and mononuclear cells is sharply activated in the post-
infarction period. Some authors suppose that IL-6 influences
on the acute myocardial infarction prognosis. A number
researchers noted that serum IL-6 in myocardial infarction
patients occurs more frequently than leukocytosis, elevating
of the erythrocyte sedimentation rate, a rise in temperature
and suggested using it as a biomarker of myocardial infarction
prognosis.®! However, other authors, in particular, Klitkou
et al. did not find the association between IL-6 and adverse
outcomes prognosis for the 6-month follow-up period after
PCLPY The study Qi et al. showed that changes in IL-8
plasma levels are highly predictive in the risk assessing of
early complications in patients are underwent PCI.12!22]

The similar to IFN-y analysis trend was observed in
preprocedural plasma concentrations of IL-6, IL-8, TNF-a,
and TNF-B. That may be connected with faster amplification
of pro-inflammatory cytokines levels, and their more rapid
increasing in the blood of acute myocardial infarction patients
than in stable angina patients.

Earlier, in experimental studies were shown that in animals
lacking the gene responsible for the production of IL-17
were not chronic hypertensive reaction and endothelium-
dependent vasodilation disorders, in contrast to animals with
induced hypertension. It was found that IL-17 stimulates the
chemotaxis of inflammatory cells, especially neutrophils.*]

The opposite of previous pro-inflammatory cytokines dynamics
was explored in the analysis of IL-17 levels. In stable angina
patients directly before PCI and 7 days after the procedure
were revealed stably higher concentrations of I1L-17. Possibly,
this can be explained by the later response of IL-17 in acute
myocardial infarction patients to the signal of pathological




vascular remodeling than in stable angina patients in which
IL-17 elevating process probably started earlier and faster.

Other cytokines are studied TGF-f1 and TGF-B2. TGF-B1
plays a significant role in the pathogenesis of restenosis and
is determined at high levels in the hyperplastic lesions of the
intima. In the review, Khan et al. were highlighted the impact
TGF-B1 and TGF-B2 restenosis prognosis after PCI.2

There were identified significantly increased pre- and 7 days
TGF-B1 in acute myocardial infarction patients that were
not typical to the stable angina group. However, we found
markedly elevated levels of TGF-B2 prior PCI and 7 days
after in both groups of patients.

We performed multiple logistic analysis on confounding
factors, which indicated that subjects who had abnormally
higher rate of IFN-y pre-PCI (OR = 5.21) and 7 days after
(OR = 3.84), IL-6 pre-PCI (OR = 1.59), IL-8 pre-PCI
(OR=1.73),IL-17 pre-PCI (OR = 3.07) and 7 days after (OR
= 2.34), TNF-a pre-PCI (OR = 1.88), TNF- pre-PCI (OR =
1.98), as well as to growth factors: TGF-B1 7 days after PCI
(OR = 1.82) and TGF-B2 7 days after PCI (OR =2.04) were
much more likely to be in “risk” group of restenosis.

Study limitations

We measured inflammatory markers at 2-time points only in the
study, hence, were unable to ascertain whether dynamic changes
in inflammatory marker levels took place during follow-up
and whether it was of relevance in this setting. Our results
may be more important as descriptors of a pathophysiological
mechanism rather than of practical clinical relevance.

CONCLUSION

Our observations may help to explain findings that
inflammation-related endothelial cell and macrophage
activation may predict restenosis event in acute myocardial
infarction patients and stable angina patients with more
intensity in acute myocardial infarction patients. Further
study with a bigger sample size is needed to confirm the
association of these factors with restenosis after PCI.

ACKNOWLEDGMENT

We would like to give thanks to all patients for participation
in the study. This study is dedicated to them.

REFERENCES

1. Toutouzas K, Colombo A, Stefanadis C. Inflammation
and restenosis after percutaneous coronary interventions.

10.

11.

12.

13.

14.

Asian Journal of Pharmaceutics * Jul -Sep 2018 (Suppl) * 12 (3) | S1074

Eur Heart J 2004;25:1679-87.

Byrne RA, Joner M, Kastrati A. Stent thrombosis and
restenosis: What have we learned and where are we
going? The Andreas Griintzig lecture ESC 2014. Eur
Heart J 2015;36:3320-31.

Okamoto E, Couse T, De Leon H, Vinten-Johansen J,
Goodman RB, Scott NA, et al. Perivascular inflammation
after balloon angioplasty of porcine coronary arteries.
Circulation 2001;104:2228-35.

Chrobak I, Lenna S, Stawski L, Trojanowska M.
Interferon-y promotes vascular remodeling in human
microvascular endothelial cells by upregulating
endothelin (ET)-1 and transforming growth factor (TGF)
B2.J Cell Physiol 2013;228:1774-83.

Szkodzinski J, Blazelonis A, Wilczek K. The role of
interleukin-6 and transforming growth factor-fl in
predicting restenosis within stented infarct-related
artery. Int J Immunopathol Pharm 2009;22:493-500.
Eyiiboglu M. In stent restenosis after percutaneous
coronary intervention. Anatol J Cardiol 2016;16:73.
Cheng G, Wei L, Xiurong W, Xiangzhen L, Shiguang Z,
Songbin F, et al. IL-17 stimulates migration of carotid
artery vascular smooth muscle cells in an MMP-9
dependent manner via p38 MAPK and ERKI/2-
dependent NF-kappaB and AP-1 activation. Cell Mol
Neurobiol 2009;29:1161-8.

Monraats PS, Pires NM, Schepers A, Agema WR,
Boesten LS, de Vries MR, et al. Tumor necrosis factor-
alpha plays an important role in restenosis development.
FASEB J 2005;19:1998-2004.

Koch W, Tiroch K, von Beckerath N, Schomig A,
Kastrati A. Tumor necrosis factor-o, lymphotoxin-a, and
interleukin-10 gene polymorphisms and restenosis after
coronary artery stenting. Cytokine 2003;24:161-71.
Zhao W, Wang C, Liu R, Wei C, Duan J, Liu K, ef al.
Effect of TGF-B1 on the migration and recruitment of
mesenchymal stem cells after vascular balloon injury:
Involvement of matrix metalloproteinase-14. Sci Reports
2016;6:21176.

World Medical Association. World medical association
declaration of Helsinki: Ethical principles for
medical research involving human subjects. JAMA
2013;310:2191-4.

Popovich L, Potapchik E, Shishkin S, Richardson E,
Vacroux A, Mathivet B. Russian Federation. Vol 13.
Russian Federation; 2011.

Joviliano EE, Piccinato CE, Dellalibera-Joviliano R,
Moriya T, Evora PR. Inflammatory markers and
restenosis in peripheral percutaneous angioplasty with
intravascular stenting: Current concepts. Ann Vasc Surg
2011;25:846-55.

Kubica J, Kozinski M, Krzewina-Kowalska A,
Zbikowska-Gotz M, Dymek G, Sukiennik A, er al.
Combined periprocedural evaluation of CRP and TNF-
alpha enhances the prediction of clinical restenosis and
major adverse cardiac events in patients undergoing
percutaneous coronary interventions. Int J Mol Med




Tse outcomes

15.

16.

17.

18.

19.

2005;16:173-80.

Navarro-Lopez F, Francino A, Serra A, Enjuto M,
Reverter JC, Jimenez de Anta T, et al. Late T-lymphocyte
and monocyte activation in coronary restenosis. Evidence
for a persistent inflammatory/immune mechanism?. Rev
Esp Cardiol 2003;56:465-72.

Hoole SP, Hernandez-Sanchez J, Brown AlJ,
Giblett JP, Bennett MR, West NEJ, et al. Prediction of
postpercutaneous coronary intervention myocardial
infarction: Insights from intravascular imaging, coronary
flow, and biomarker evaluation. Coron Artery Dis
2018;29:246-53.

Zhang Y, Zhao J, Lau WB, Jiao LY, Liu B, Yuan Y, et al.
Tumor necrosis factor-o and lymphotoxin-o mediate
myocardial ischemic injury via TNF receptor 1, but are
cardioprotective when activating TNF receptor 2. PLoS
One 2013;8:¢60227.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Plasma concentration of C-reactive
protein and risk of developing peripheral vascular
disease. Circulation 1998;97:425-8.

Ridker PM, Glynn RJ, Hennekens CH. C-reactive
protein adds to the predictive value of total and HDL
cholesterol in determining risk of first myocardial

Asian Journal of Pharmaceutics * Jul -Sep 2018 (Suppl) « 12 (3) | S1075

infarction. Circulation 1998;97:2007-11.

20. Klitkou J, Jensen LO, Hansen HS, Thayssen P. High
sensitive C-reactive protein and interleukin 6 are not
related to neointimal hyperplasia in paclitaxel eluting
stents or bare metal stents. An intravascular ultrasound
study. Int J Cardiol 2007;119:114-6.

21. Qi X, Peng Y, Gu J, Li S, Zheng S, Zhang J, et al.
Inflammatory cytokine release in patients with
unstable angina after coronary angioplasty. Jpn Heart J
2002;43:103-15.

22. Qi X, LiS, LilJ. The prognostic value of IL-8 for cardiac
events and restenosis in patients with coronary heart
diseases after percutaneous coronary intervention. Jpn
Heart J 2003;44:623-32.

23. Lee KA, Kang MH, Lee YS, Kim YJ, Kim DH, Ko HJ,
et al. A distinct subset of natural killer T cells produces
IL-17, contributing to airway infiltration of neutrophils
but not to airway hyperreactivity. Cell Immunol
2008;251:50-5.

24. Khan R, Agrotis A, Bobik A. Understanding the role
of transforming growth factor-f1 in intimal thickening
after vascular injury. Cardiovasc Res 2007;74:223-34.

Source of Support: Nil. Conflict of Interest: None declared.




