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Interleukin-6 (IL-6) has been reported to be related to coronary heart disease (CHD).
It is proposed that the IL-6 trans-signaling pathway is responsible for the inflammatory effect
in diseases, including CHD. In Asian countries, CHD tends to occur in younger age. However,
no study has yet been done to assess the relationship betweenlIL-6 trans-signaling pathway and
young CHD patients in Indonesia. To assess whether there is a relationship between the levels of
some components in the IL-6 trans-signaling pathway, including soluble interleukin-6 receptor
(sIL-6R), soluble glycoprotein 130 (sgp130), and intercellular adhesion molecule 1 (ICAM-1) and
CHD in young adults. A case-control study was conducted including 33 young CHD patients
and 33 non-CHD patients as the control group (age and sex matched with CHD group) at Eka
Hospital Pekanbaru, Indonesia, from July to November 2018. CHD was confirmed by coronary
angiography, while non-CHD patients were subjects with normal ECG, without history of
chest pain and family history of CHD. All participants were checked for sIL-6R, sgp130, and
ICAM-1 serum levels using ELISA assays tests. The results were evaluated statistically using
Student’st test. The sIL-6R level tended to be higher in the CHD group compared to the control
group (70.19449.38 ng/ml vs 49.424+38.79 ng/ml) but did not reach statistical significance
(p=0.062). The sgp130 level was 428.38+358.79 ng/ml and 474.08+389.43 ng/ml in CHD and
control group, respectively (p=0.622). While the ICAM-1 level was 1829.53+1882.37pg/ml
and 2078.16+1595.25 pg/ml in CHD and control group, respectively (p=0.565). The IL-6 trans-
signaling pathway,reflected by sIL-6R, sgp130,and ICAM-1 serum levels, was not significantly
related with CHD in young adults.
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Coronary heart disease (CHD) is still one
of the most prominent diseasescausing worldwide
mortality.! In some Asian countries, CHD tends to
occur in younger age? and inflammation is thought
to play an important role in the pathogenesis of the

disease in such patients, also is associated with
worse prognosis.>* Interleukin-6 (IL-6) is one of
the most studied inflammatory agentsin relation to
CHD.>7

IL-6 has pro- and anti-inflammatory
effects®®, in which the unique IL-6 signaling
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pathways arethought to be responsible for the
two opposite roles of this cytokine.'®'? There are
two pathways of IL-6 signaling: classic and trans-
signaling. In classic signaling, the IL-6 binds to
membrane-bound IL-6 receptor (IL-6R) which was
found in several cell types such as hepatocytes,
monocytes, and lymphocytes, and then activates
the signaling transduction cascade through the
homodimerization of the membrane-bound
glycoprotein 130 (gp130). In cells that do not have
membrane-bound IL-6R, including endothelial
cells, IL-6 activation occurs via trans-signaling
pathway, in which the IL-6 binds to soluble IL-6
receptor (sIL-6R) in circulation, which then
binds to gp130 in the cell, and finally initiates the
intracellular signal cascade. Intercellular adhesion
molecule 1 (ICAM-1) is one of the products of
IL-6 activation in endothelial cells through the
trans-signaling pathway. A soluble form of the
gp130 (sgp130) is present in human plasma and
acts as a natural inhibitor of the trans-signaling
pathway by binding with the IL-6/sIL-6R complex
and thus preventing the IL-6 complex to bind to

gp130.2 It has been proposed that activation of
IL-6 through classic signaling is responsible for the
anti-inflammatory effect, while the trans-signaling
pathway is responsible for the pro-inflammatory
effect of IL-6. (Figure 1)

The trans-signaling pathway is responsible
for most of the IL-6 adverse effects, especially
in chronic inflammatory diseases.'*'s Genetic
studiesshowed that IL-6 pathway seems to play
a causative role in the development of CHD.
These studies stated that SNP rs2228145, a
single nucleotide polymorphism in IL-6R gene,
was related to sIL-6R level and CHD.''” Some
studies in CHD patients also showed that sIL-6R
level was correlated with worse prognosis. The
higher the sIL-6R level is, the higher the incidence
of myocardial infarction events and mortality
becomes.'®*2°The sgp130 level, as the natural
inhibitor of trans-signaling pathway, theoretically
will be inversely related to the risk of CHD.
Thismeans a higher sgp130 level is associated
with a lower risk of CHD. Animal studies had
shown consistent results with this theory, whereas

Classic Signalling

Trans Signalling

Fig. 1. The upper part shows the classic signaling of IL-6 in cells that express membrane-bound IL-6R, like hepatocytes
and leukocytes, in which IL-6 binds to IL-6R and two gp130 and then initiates the signaling cascade in the cells.
The bottom part shows the trans-signaling of IL-6 in cells that do not express membrane-bound IL-6R, including
cardiomyocytes and endothelial cells. In this pathway, IL-6 will bind to the circulating soluble IL-6R (sIL-6R),and
then the IL-6/sIL-6R complex will bind with two gp130 on the membrane cells. There are also circulating gp130,
known as soluble gp130 (sgp130) which can bind to IL-6/sIL-6R complex, and inhibit the complex to bind to gp130
on cells surface, hence acts as an inhibitor of the trans-signaling pathway of IL-6. A recombinant of sgp130, known
as sgp130FC, can also act as the inhibitor of IL-6 trans-signaling pathway
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in human, the results of several studies were still
controversial.'®!921-23

To assess whether there is a relationship
between IL-6 trans-signaling pathway and CHD in
young adults, we examined the levels of sIL-6R,
sgp130, and ICAM-1 in young CHD patients at Eka
Hospital, Pekanbaru, Indonesia. As far as we know,
this is the first study regarding the relationship of
IL-6 trans-signaling pathway with young CHD
patients in Indonesian population.

METHODS

Patients

This study was a case-control study
conducted at Eka Hospital Pekanbaru, Indonesia,
in collaboration with Faculty of Medicine Andalas
University, Padang, Indonesia, from July to
November 2018. CHD patients, who were selected
from Eka Hospital Pekanbaru catheterization
laboratory, underwent coronary angiography
examination between January 2017 until July 2018.
Patients were included in this study if the coronary
angiography showed >70% stenoses of at least one
coronary artery and the age of patientsfor males
were <45 years old and for females were<55 years
old at the time of examination. The control group
encompassed subjects who underwent a routine
medical check-up at Eka Hospital Pekanbaru,
from July to October 2018, with normal ECG

recording, no symptom of chest pain, and no family
history of CHD, matched by sex and age with
the CHD patients group. The exclusion criteria
were BMI >30 kg/m?, acute inflammatory states
(including acute coronary syndromes), or history
of autoimmune disease and malignancy.
Data Collection

Appointments were made with each
participant who met the inclusion and exclusion
criteria. Health examinations and interviewswere
done by general practitioners and cardiologists of
Eka Hospital Pekanbaru. The health examination
included body weight, height, and blood
pressure measurements. The questionnaire
form includedbirth date, occupation, ethnicity,
education level, smoking habits, family history
of CHD, history of hypertension, diabetes,
hypercholesterolemia, and medication history.

Hypertension was determined based
on medical diagnosis by a physician or taking
antihypertensive drugs, or when systolic blood
pressure was >140 mm Hg, and/or diastolic blood
pressure>90 mm Hg. Diabetes was determined
based on medical diagnosis by a physician, or
taking antidiabetic drugs, or when random blood
glucose >200 mg/dl, or fasting blood glucose >126
mg/dl, or 2 hours postprandial blood glucose >200
mg/dl. Hypercholesterolemia was determined
based on medical diagnosis by a physician, or
when total serum cholesterol level >200 mg/dl.

Table 1. Baseline Characteristics

Variable CHD patients Control Group p value
(n=33) (n=33)

Age (year) 45.82+5.05 45.37+4.70 0.76

Male 21 (63.6%) 21 (63.6%) 1.00

Smoker 19 (57.6%) 13 (39.4%) 0.218

Hypertension 20 (60.6%) 2 (6.1%) 0.001

Diabetes Mellitus 8 (24.2%) 2 (6.1%) 0.086

Hypercholesterolemia 27 (81.8%) 31 (93.9%) 0.258

Table 2. SIL-6R, sgp130, and ICAM-1 serum levels

Serum level CHD patients Control Group p value
(n=33) (n=33)

sIL-6R (ng/ml) 70.19+49.38 49.42+38.79 0.062

sgp130 (ng/ml) 428.38+358.79  474.08+389.43 0.622

ICAM-1 (pg/ml) 1829.53+1882.37 2078.16+1595.25 0.565
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The family history of CHD was determined based
on the history of CHD in their family; CHD of the
father at the age of <45 years, and/or the mother at
the age of <55 years. Patients were determined as
smokers, if they had or were still smoking with the
total amount of cigarettes >100 cigarettes in their
entire lifetime; and as non-smokers, if they never
smoke, or the number of cigarettes smoked were
<100 cigarettes in their entire lifetime.

On the same day, after the interview,
peripheral vein blood samples were drawn from
all participants, placed into SST vacutainers,
centrifuged with 3,600 rpm for 10 minutes, and
stored in a -80°C freezer. After the blood samples
were collected from all study participants, ELISA
assay tests were performed at the Biomedical
Laboratory, Faculty of Medicine, Andalas
University, Padang, using ELISA kits from
Bioassay Technology Laboratory (Shanghai,
China). ELISA tests were done according to the
manufacturer’s instruction. Data were obtained
using ELISA Reader Bio-Rad and calculated using
the Microplate Manager Software Bio-Rad. The
low detection limit of the assay was 0.24 ng/mL,
2.55ng/mL, and 9.98 pg/L for sIL-6R, sgp130 and
ICAM-1, respectively. The mean inter-assay and
intra-assay coefficients of variation were 10% and
8%, respectively, for all tests.

Statistical Analysis

Categorical data were analysed with
Chi-square, while numerical data were analysed
with Student’st tests. Differences were considered
statistically significant at the two-sided test with
significance level p< 0.05.

Ethical Clearance

This study has been approved by the
Ethical Review Board for Medicine and Health
Research, Faculty of Medicine, University of Riau,
Pekanbaru, Indonesia. All study participants gave
their informed consent to be enrolled in this study.

RESULTS

During the study period, we managed
to obtain a total of 66 patients who met the study
criteria, 33 for the CHD group and 33 for the
control group. The baseline characteristics of the
study participants can be seen in Table 1. Mean
age of CHD patients was 45.82 years old, while
for the control group was 45.37 years old, with

63.6% of patients were male. CHD patients were
significantly more hypertensive (60.6% vs 6.1%,
p value<0.001) compared to the control group.
There was a tendency of higher diabetes (24.2%
vs 6.1%, p value=0.086) in the CHD group
compared to the control group, but the difference
was not statistically significant. Smoking (57.6% vs
39.4%, p value=0.218) and hypercholesterolemia
(81.8% vs 93.9%, p value=0.258) did not differ
significantly for both groups.

Table 2 showed the sIL-6R, sgp130,
and ICAM-1 serum levels. SIL-6R serum levels
in CHD patients were higher (70.17+49.38 vs
49.42438.79 ng/ml, p=0.062) compared to the
control group, but failed to reach statistical
significance. Sgp130 and ICAM-1 serum
levels were(428.38+358.79 vs 474.08+389.43
ng/ml, p=0.622) and (1829.53+1882.37 vs
2078.16+1595.25 pg/ml, p=0.565) respectively,
and also did not differ significantly for both groups.

DISCUSSION

In this study, we recruited male patients
<45 years old and female patients <55 years old in
accordance to the definition of CHD in young adults
used in Van Loon study.* Hypertension was the
only traditional cardiovascular risk factor related
to young CHD patients in this study. Our study
showed a much higher prevalence of hypertension
in young CHD patients (60.6%) compared to
Hussain et al. (20-25%) in Indonesian population®
and Aggarwal et al. (25%) in Indian young CHD
patients.”The hypercholesterolemia rate in our
study was also very high, 81.8% in the CHD group
and 93.9% in the control group. While Hussain
et al. only reported 30% hypercholesterolemia in
men and 39.6% in women.*The high frequency
of hypertension and hypercholesterolemia in our
study might be due to the eating patterns of the
people in our region (Riau province, Indonesia)
which contains a lot of coconut milk and fat.

Studies on sIL-6R and sgp130, as novel
members of the IL-6 trans-signaling cascade,
in CHD patients are still rare. Previous studies,
mostwere done in myocardial infarction patients,
such as by Anderson et al. which compared the
level of sIL-6R and sgp130 in AMI, CHD, and
control groups'®, Moreno et al. which studied the
relationship between sIL-6R and sgp130 levels and
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the risk of myocardial infarction'®, while Ritschel
et al. studied the level of sIL-6R and sgp130
in STEMI patients to see future cardiovascular
events®. In our study, patients with acute coronary
events were excluded, so we focused on the role
of IL-6 trans-signaling pathway in the chronic
inflammatory process of CHD.

In this study, though failed to reach
statistical significance, the sIL-6R level tended to
be higher in the CHD group compared to the control
group (70.19+49.38 ng/ml vs 49.42+38.79 ng/ml,
p=0.062). Previous studies showed consistent
results witha higher level of sIL-6Rrelated to
increased occurrence of MI, future cardiovascular
events, and mortality in STEMI patients. However,
the level of sIL-6R in our study was a bit
highercompared to the previous related studies.
For example,in Moreno’s study, which was done in
Swedish population with more than 2,700 patients,
the sIL6R level in the MI group was 43.3 ng/ml
(32.0-65.2 ng/ml) and in the control group was 40.8
ng/ml (31.6-54.5 ng/ml, p<0.01)." As we can see,
the differences of sIL-6R levels between the two
groups were much higher in our study compared to
Moreno’s, but due to our limited number of study
samples, we failed to reach statistical significance."

Contrary to sIL-6R, the relationship
between sgp130 level and CHD is still contradictory.
Ritschel et al. reported that higher levels of sgp130
were related to more future cardiovascular and
mortality events.?® On the other hand,Anderson and
Moreno et al.did not find a relationship between
sgp130 level, CHD, and MI incidences, which is
also in line with our study results.'®"°In this study,
the level of sgp130 was 428.38+358.79 ng/ml in
the CHD group and 474.084+389.43 ng/ml in the
control group. Again, the level of sgp130 in our
study was higher as compared to previous studies.
Moreno’s study reported 363.6 (306.7-431.7) ng/
ml in the MI group and 365.6 (308.8-432.6) ng/ml
in the control group."

ICAM-1 has been known to be associated
with subclinical atherosclerosis in young adults
and the risk of developing atherosclerotic disease
in the future.?®?’ IL-6 trans-signaling exerts its
pro-atherogenic effects by stimulating chemokine
production in endothelial cells and enhances
adhesion molecule expression.” Endothelial cells,
in response to IL-6 activation, causes upregulation
of ICAM-1. The vascular smooth muscle cells also

secrete IL-6 and thus increase ICAM-1 expression,
in addition to stimulating cells proliferation.” In
this study, the level of ICAM-1 in both groups
were not significantly different, 1829.53+1882.3
pg/ml in CHD group and 2078.16+1595.25 pg/ml
in the control group with p=0.565, but tended to be
higher in the control group. The level of cholesterol
was associated with ICAM-1 expression in the
endothelium.*® This study showed high rates of
hypercholesterolemia in both groups, 81.8% in
the CHD group versus 93.9% in the control group.
The rate of hypercholesterolemia was higher in
the control group, although the pvalue was not
significant (p=0.258).This resultmight explain the
higher level of ICAM-1 in the control group.

This study has some limitations. First is
the small sample size at only 33 subjects per group.
Secondly, the non-CHD group (control group)
was recruited only by history taking and ECG
recording, not by angiography, so there might be
some bias.

CONCLUSIONS

In conclusion, although we failed to show
a relationship between some components of the
IL-6 trans-signaling pathway (sIL-6R, sgp130, and
ICAM-1) with CHD in young adults, our study
showed that sIL-6R level tended to be higher in
the CHD group. This finding might require further
research with larger sample size.
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