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Systemic inflammation is associated with myocardial
fibrosis, diastolic dysfunction, and cardiac hypertrophy
in patients with hypertrophic cardiomyopathy
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Abstract: Background: Regional or diffuse fibrosis is an early feature of hypertrophic cardiomyopathy (HCM) and
is related to poor prognosis. Previous studies have documented low-grade inflammation in HCM. The aim of this
study was to examine the relationships between circulating inflammatory markers and myocardial fibrosis, systolic
and diastolic dysfunction, and the degree of cardiac hypertrophy in HCM patients. Methods and results: Fifty HCM
patients were recruited while 20 healthy subjects served as the control group. Seventeen inflammatory cytokines/
chemokines were measured in plasma. Cardiac magnetic resonance imaging and echocardiography were used to
assess cardiac phenotypes. Tumour necrosis factor (TNF)-¢, interleukin (IL)-6 and serum amyloid P (SAP) were signif-
icantly increased in HCM patients compared to controls. IL-6, IL-4, and monocyte chemotactic protein (MCP)-1 were
correlated with regional fibrosis while stromal cell-derived factor-1 and MCP-1 were correlated with diffuse fibrosis.
Fractalkine and interferon-y were associated with left ventricular wall thickness. The above associations remained
significant in a linear regression model including age, gender, body mass index and family history. TNF-a, IL-6, SAP,
MCP-1 and IL-10 were associated with parameters of diastolic dysfunction. White blood cells were also increased
in HCM patients and correlated with diffuse fibrosis and diastolic dysfunction. However the associations between
parameters of systemic inflammation and diastolic dysfunction were weakened in the linear regression analysis.
Conclusions: Systemic inflammation is associated with parameters of the disease severity of HCM patients, particu-
larly regional and diffuse fibrosis. Modifying inflammation may reduce myocardial fibrosis in HCM patients.
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Introduction invasively has greatly advanced [7]. LGE is a
well-established method to quantify regional
fibrosis [8], while postcontrast myocardial longi-
tudinal relaxation time (T,) mapping is a new
technique to evaluate diffuse fibrosis [9]. We
and others have reported a lower T, times in

several cardiac disease states associated with

Hypertrophic cardiomyopathy (HCM) is a genet-
ic myocardial disease, caused by mutations in
sarcomeric genes and characterized by asym-
metrical septal hypertrophy and myocyte disar-
ray [1, 2]. However, the pathology of HCM is not

limited to cardiomyocytes and the myocardium.
Replacement (regional) or reactive (diffuse)
myocardial fibrosis is a common and early fea-
ture of HCM [3]. Myocardial fibrosis not only
leads to impaired cardiac diastolic function, but
is also a major determinant of malignant
arrhythmias and end-stage systolic heart fail-
ure in HCM and consequently, increases the
risk of cardiac death [3-6]. With the introduc-
tion of cardiac magnetic resonance imaging
(CMR), the diagnosis of myocardial fibrosis non-

diffuse fibrosis [9-11]. However, currently there
are still no effective treatments for myocardial
fibrosis.

Accumulating evidence has suggested the exis-
tence of low-grade systemic and local inflam-
mation in HCM. Mild chronic inflammatory cell
infiltration was observed in the myocardium of
patients with HCM [12-14]. Several studies also
reported increased circulating inflammatory
markers in HCM such as tumour necrosis factor
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(TNF)-a [15, 16], and interleukin (IL)-6 [16, 17].
Circulating monocyte chemoattractant protein
(MCP)-1 levels were also increased in HCM,
which were inversely correlated with fractional
shortening and correlated with left ventricular
end-diastolic pressure [18]. However, the asso-
ciations between inflammatory markers and
myocardial fibrosis have not been well explored.
Whilst a previous study showed that circulating
levels of C-reactive protein, TNF-a and IL-1RA
significantly correlated with maximal LGE [19],
the study did not evaluate multiple slices
throughout the entire left ventricle which is like-
ly necessary to accurately assess myocardial
fibrosis load [19]. Therefore, in this project, we
measured 17 inflammatory cytokines/chemo-
kines in plasma samples from 50 HCM patients
and 20 controls and examined the relation-
ships between these inflammatory markers
and LGE mass (expressed as a percentage of
total left ventricular (LV) mass) and T, times (by
CMR), systolic and diastolic function (by CMR
and echocardiography) and the degree of left
ventricular hypertrophy (by CMR).

Methods
Study population

We recruited 50 patients referred to the Alfred
CMR department for the further evaluation of
asymmetric septal hypertrophy due to HCM.
Asymmetric septal hypertrophy was defined as
an interventricular septum thickness of >15
mm with a ratio of septal-to-lateral ventricular
wall thickness of >1.3:1.0 as measured by
echocardiography, and the diagnosis of HCM
required the absence of any other condition
that causes the degree of hypertrophy observed
[20]. Exclusion criteria included previous septal
reduction therapy, coronary artery disease, atri-
al fibrillation, valvular heart disease, systemic
hypertension, diabetes mellitus, surgery or
trauma within previous 6 months, known fibrot-
ic or inflammatory disease or cancer, and con-
traindications to CMR, including pacemaker
and defibrillator implantation, and significant
renal dysfunction (estimated glomerular filtra-
tion rate (eGFR) <30 ml/min/1.73 m?). Twenty
healthy subjects served as a control group.

CMR

CMR was performed using a clinical 1.5-T scan-
ner (Signa HD 1.5-T, GE Healthcare, Waukesha,
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Wisconsin, USA). Volumetric LV analysis was
performed using the summation of disc meth-
od with a contiguous short-axis steady-state
free precession pulse sequence stack. LGE
was used to identify regional fibrosis using a
T,-weighted inversion recovery gradient echo
technique, while a T, mapping sequence was
used to non-invasively quantify diffuse myocar-
dial fibrosis, as previously described [9]. A
region of interest (ROI) was drawn around the
entire LV myocardium (excluding papillary mus-
cles) to calculate postcontrast myocardial T,
time. In subjects with regional fibrosis detected
by LGE, these areas were excluded from the
ROI for the primary analysis of postcontrast
myocardial T, time. T, times for ROIs including
areas of LGE were also calculated. To account
for the potential effects of glomerular filtration
rate, time delay postcontrast administration,
and contrast agent relaxivity on gadolinium
pharmacokinetics, corrected values of T, times
were used to normalize postcontrast myocardi-
al T, times to a matched state (time postcon-
trast administration =20 minutes, eGFR =90
mL/min per 1.73 m?) [21]. In addition, raw post-
contrast T, times of the LV blood pool (blood T,
times) were calculated. CMR was performed in
all HCM patients and 7 healthy controls.

Echocardiography

Transthoracic echocardiography with a stan-
dard clinical protocol was performed immedi-
ately prior to CMR. Diastolic function was
assessed by a combination of mitral inflow pat-
tern (E to A ratio and deceleration time) and
mitral annular velocities (e’, measured at the
septal and lateral aspects of the mitral annulus
in the apical 4-chamber view). Additionally,
mitral E/e’ (septal, lateral and mean) was cho-
sen as an index of LV filling pressure.

Blood sample collection

Blood samples were obtained before CMR and
collected into EDTA-tubes by venipuncture.
Plasma samples (10 min centrifugation at 400
g followed by a further 10 min at 600 g) were
stored at -80°C for further assays.

Measurement of 17 inflammatory markers by
bioplex

Plasma levels of 17 cytokines/chemokines
were measured using multiplex kits from
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Table 1. Subject characteristics

immobilized beads were added to

HCM wells of a pre-wet filtered plate and

Control
then were incubated overnight at
" 20 >0 4°C. The following day, the plate
Gender (m/f, n) 14/6 38/12 was washed twice with wash bu-
Age (years) 46213.0 492135 ffer and then incubated with sec-
Body mass index (kg/m?) 22.61£2.2 27.4+4.4%** ondary detection antibody for 1 h,
NYHA function class (I/11/1ll, n) NA 25/24/1 followed by subsequent incubation
Dyspnoea (%) NA 52% with strepavidin-PE for 30 min.
Chest pain (%) NA 28% After the plate was washed twice
Presyncope (%) NA 36% again with wash buffer, it was read
Syncope (%) NA 12% on the Luminex system (Biorad)
Family history of HCM (%) NA 249 with the agldition of sheath fluid.
Resting heart beat (beats/min) 62.8+8.7  60.5£10.5 Concentrations of different analyt-
Systolic blood pressure (mmHg) 120.4+10.2 128.3+12.5 es in t.he plasma .samples Wgre
i ) determined by using respective
Diastolic blood pressure (mmHg) 73.0+£9.8 72.4+9.0 standard curves generated in the
eGFR (mL/min/1.75 m?) 86.4+4.5 83.6+11.4 multiplex assays. Neat plasma
Medications samples were used for all assays
B-blockers NA 54% except for SAP and TGF-B1 (1:2000
Calcium channel blockers NA 18% and 1:30 dilution, respectively,
Angiotensin convert enzyme inhibitor NA 12% using assay buffer provided in the
Angiotensin receptor blockers NA 10% Kits).
Statin NA 18% Statistical analysis
Full blood count
Haemoglobin (g/L) 144.6+9.4 146.5+14.3 Data were expressed as mean *
Platelets (10%/L) 227.3453.8 208.3+56.1 SD unless otherwise stated. SPSS
Hematocrit (L/L) 0.42+0.03  0.42+0.04 17.0 was used for statistical analy-
White blood cells (10%/L) 5.79+1.25 7.59+2.30%** sis. The normality of data was test-
Neutrophils (10%/L) 3.37#1.16 5.01+2.05%«  €d by Kolmogorov-Smirnov test.
Lymphocytes (10%/L) 1.89+0.54  1.89+0.53 Chi-square test was used to com-
Monocytes (10%/L) 0.39+0.12 0.51+0.15%* pare discrete variables among
Monocytes (%) 6.83+1.84 6.90+1.78 groups. Student t test or Mann-

Data are expressed as mean + SD. HCM: Hypertrophic cardiomyopathy;
NYHA: the New York Heart Association; eGFR: Estimated glomerular filtration

rate. **P<0.01, ***P<0.001, vs. controls.

Millipore according to the manufacturer’s
instruction, as we previously described [22].
These 17 cytokines/chemokines were TNF-a,
IL-1B, IL-6, IL-4, IL-10, IL-12, IL-13, interferon-y
(IFN-y), transforming growth factor-B (TGF-B),
serum amyloid P (SAP), IFN-y-inducible protein
10 (IP-10, CXCL10), macrophage inhibitory pro-
tein (MIP)-1a, MIP-13, MCP-1, fractalkine, stro-
mal cell-derived factor (SDF)-1 and secondary
lymphoid-tissue chemokine (SLC). High-sen-
sitivity cytokine multiplex kits were used for
measurement of TNF-«, IL-B, IL-6, IL-10, IL-4,
IL-12, IL13, and IFN-y. The appropriate cyto-
kine/chemokine standards, plasma samples
(25 pL), and fluorescent conjugated, antibody-
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Whitney U test was employed for
comparison between the control
group and HCM patients when
appropriate. Pearson correlation
coefficients were computed to
assess the correlations between parameters.
Multiple linear regression analysis was used
to further determine the above associations
after adjusting confounders such as age, gen-
der, BMI and family history. A difference of
p<0.05 (two-sided) was considered statistically
significant.

Results
Patient demographics

Patient demographics are presented in Table
1. There were no significant differences in age,
gender, heart rate, systolic and blood pressure,
eGFR, haemoglobulin, platelets, haematocrit,

Am J Transl Res 2017;9(11):5063-5073
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Table 2. Echocardiography and CMR data

Control HCM

n 20 50

Echocardiography
Left atrial volume (ml/BSA) 27.618.9 45.3+15.5*%**
E/A ratio 1.38+0.36 1.35+0.56
Deceleration time (ms) 182.1+27.0 213.2+57.3%
Septal e’ (cm/s) 10.6+2.9 6.1+1.6%**
Lateral €’ (cm/s) 13.7£3.5 8.3+2.8%**
Mean e’ (cm/s) 12.1+3.0 7.2+2.0%**
Septal E/€’ 8.512.6 13.945.5%**
Lateral E/€’ 6.3+1.9 10.7£5.0%**
Mean E/e’ 7.8+2.6 12.2+4.8***
Resting LVOT gradient (mmHg) 5.2+1.2 38.5+45.1**

CMR
Septal thickness (mm) 8.3+1.8 19.2+4.8%**
Lateral wall thickness (mm) 7.9+1.5 8.6+1.8
Septal/lateral wall thickness 1.1+0.1 2.3+20.6%**
LV mass (g) 113.1+20.6 171.1+61.6***
LV mass index (g/BSA) 57.5+8.0 86.2+28.0***
LV ejection fraction (%) 60.9+5.8 69.5+7.3*%*
LVEDV (mL) 180.4+29.1  160.3+38.6
LVEDV indexed (mL/BSA) 91.9+11.5 78.0+21.8
LVESV (mL) 72.4+22.6 48.3+20.4%**
LVSV (mL) 108.0+7.8 106.5+35.2
Presence of LGE (%) NA 86%
Quantity of LGE (% of LV) mass NA 5.1+6.7
T, times (ms), excluding LGE 578.4+45.4 497.5+79.2*
T, times (ms), including LGE 578.4+45.4 481.2+83.8**
T, times (ms, corrected values) 566.3+49.6 478.6+80.9**
Blood T, times (ms) 303.1+13.7 334.6+31.5

Data are expressed as mean + SD. CMR: Cardiac magnetic resonance;
LVOT: Left ventricular outflow tract; LV: Left ventricular; LVEDV: Left ven-
tricular end-diastolic volume; LVESV: Left ventricular end-systolic volume;
LVSV: Left ventricular stroke volume; LGE: Late gadolinium enhance-
ment; BSA: Body surface area; T, times (corrected values): T, times were
normalized to a matched state (time post-contrast administration =20
minutes, eGFR =90 mL/min/1.73 m?) to account for the potential effects
of glomerular filtration rate, time delay post-contrast administration, and
contrast agent relaxivity on gadolinium pharmacokinetics. *P<0.05,

**P<0.01, ***P<0.001, vs. controls.

and LV mass indexed to body surface
area (BSA) were significantly increased
in the HCM group compared with the
control group. Two HCM patients had
septal hypertrophy exceeding 30 mm.
The HCM group had a significantly
higher LV ejection fraction, sugges-
ting hypercontractility in these HCM
patients. LV end-diastolic volume, LV
end-diastolic volume indexed to BSA
and LV stroke volume were not signifi-
cantly different between both groups,
but LV end-systolic volume was signifi-
cantly smaller in HCM compared with
controls. Patients with HCM had sig-
nificantly shorter global post-contrast
myocardial T, times compared with
controls. When regions of LGE were
included in the analysis of HCM
patients, a further reduction in T, time
was observed. T, times corrected for
GFR and time delay postcontrast
administration were also calculated
and shown. There was no significant
difference in raw blood T, times
between the 2 groups, effectively rul-
ing out contrast kinetics as a con-
founding factor for the observed dif-
ferences in myocardial T, time bet-
ween the 2 groups. LGE (regional fibro-
sis) was observed in the majority of
HCM patients, generally localized to
the ventricular septum or points of RV
free wall insertion. Subendocardially-
based LGE, consistent with ischemic
scar, was not observed in any patient.
The mean quantity of LGE, expressed
as a percentage of LGE mass to total
LV mass, was 5.1+6.7%.

Echocardiography showed diastolic
dysfunction in patients with HCM. Left
atrial volume indexed to BSA (LAVI),
deceleration time, septal, lateral and

and lymphocytes among groups. BMI was sig-
nificantly greater in HCM patients compared to
controls. All patients except 1 had the New York
Heart Association (NYHA) class | or 1. Counts of
white blood cells, neutrophils, and monocytes
were significantly higher in HCM patients com-
pared to controls.

CMR and echocardiography data are presented
in Table 2. As expected, septal thickness, the
ratio of septal to lateral wall thickness, LV mass

5066

mean E/e’ and resting left ventricular outflow
tract (LVOT) gradient were significantly higher
while septal, lateral and mean e’ were signifi-
cantly lower in HCM patients compared to con-
trols (Table 2).

Changes of circulating inflammatory markers
in HCM

Plasma levels of TNF-q, IL-6, and SAP were sig-
nificantly increased in HCM patients compared

Am J Transl Res 2017;9(11):5063-5073
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Figure 1. Change of circulating inflammatory markers in hypertrophic cardiomyopathy (HCM). Plasma cytokines/
chemokines were measured using multiplex kits in 20 healthy controls and 50 patients with HCM. Plasma levels of
TNF-a, IL-6, and SAP were significantly increased in HCM patients compared to healthy controls, but plasma levels
of TGF-B1 were significantly decreased in HCM patients compared to healthy controls. However, the differences
in other inflammatory markers between HCM patients and healthy controls did not reach significance. Data were
expressed as mean + SEM. *: P<0.05 vs. the control group. IFN-y: interferon-y; IL: interleukin; IP-10: IFN-y-inducible
protein 10; MCP-1: monocyte chemotactic protein-1; MIP: macrophage inhibitory protein; SAP: serum amyloid P;
SDF: stromal cell-derived factor; SLC: secondary lymphoid-tissue chemokine; TGF-B1: transforming growth factor-1;
TNF-o: tumor necrosis factor-o.

to healthy controls (Figure 1), but plasma levels
of TGF-B1 were significantly decreased in HCM

patients compared to healthy controls (Figure
1). However, the differences in other inflamma-
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Figure 2. Correlations between circulating inflammatory markers and dif-
fuse and regional myocardial fibrosis. Plasma cytokines/chemokines were
measured using multiplex kits in 20 healthy controls and 50 patients with
hypertrophic cardiomyopathy. Diffuse fibrosis was evaluated by post-contrast
T, time. T, time used in this figure indicated values excluding LGE (late gado-

40

30

related with LV wall thick-
ness. Fractalkine (r=0.310,
p=0.034) was positively cor-
related with LV septal wall
thickness, while fractalkine
(r=0.351, p=0.016) and IFN-
y (r=0.308, p=0.037) were
positively correlated with the
ratio of septal/lateral wall
thickness. The above asso-
ciations remained significant
after adjusting for age, gen-
der, BMI and family history in
a multiple linear regression
model.

linium enhancement). Regional myocardial fibrosis was evaluated by LGE and

expressed as a percentage of LGE mass to total LV mass. Plasma levels of
stromal cell-derived factor (SDF)-1 and monocyte chemotactic protein (MCP)-1
were inversely correlated with T, times, while circulating levels of interleukin

Inflammatory markers and
myocardial fibrosis

(IL)-6, IL-4 and MCP-1 were positively correlated with the quantity of LGE.

tory markers between HCM patients and
healthy controls did not reach significance
(Figure 1).

Inflammatory markers and LVOT obstruction

There were no significant differences in plasma
inflammatory markers between HCM patients
with a LVOT obstruction (=30 mmHg at rest)
compared to those without an obstruction (<30
mmHg at rest) (data not shown).

Compared to non-obstructive HCM patients,
obstructive HCM patients had increased lateral
E/e’ (12.7£5.2 vs. 9.3+4.5, p=0.045), border-
line higher mean E/e’ (13.9+4.2 vs. 11.2+4.9,
p=0.073) and borderline reduced E/A (1.16+
0.40 vs. 1.46+0.61, p=0.067), as well as high-
er LVEF (72.5+5.1 vs. 66.948.1, p=0.007).
These results indicate that obstructive HCM
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We then examined the rela-

tionship between inflamma-
tory markers and regional (LGE) and diffuse
fibrosis (reduced T, times). In the whole popula-
tion, circulating levels of SDF and MCP-1 were
inversely correlated with T1 times, while circu-
lating levels of IL-6, IL-4 and MCP-1 were posi-
tively correlated with the quantity of LGE (Figure
2). Similar findings for the above inflammatory
markers were obtained when associations
were assessed within HCM group alone (data
not shown). In addition, IL-10 was positively cor-
related with LGE if assessed within HCM group
alone (r=0.289, p=0.05). The above associa-
tions remain significant after adjusting for age,
gender, BMI and family history in a multiple lin-
ear regression model.

Inflammatory markers and diastolic function

Several circulating inflammatory markers were
also linked to diastolic dysfunction. In the whole

Am J Transl Res 2017;9(11):5063-5073
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Table 3. Correlations between circulating inflammatory markers
and diastolic dysfunction in the whole population

LAVI Septal e’ Laterale’ Meane’ Sg;;?' Laét/e;? I l\é?:n
SAP 0.296
TGF-3 -0.460 0.315 0.320 0.333 -0.278
IL-6 0.338 -0.338 -0.296 0.284 0.360 0.318
TNF-a  0.260 -0.266 0.271
MCP-1 -0.267 0.278
I-10 0.291 0.29

SAP: Serum amyloid P; TGF-B: Transforming growth factor-B; IL-6: Interleukin-6;
TNF-a: Tumor necrosis factor-o; MCP-1: Monocyte chemotactic protein-1; I1L-10:
Interleukin-10; LVAI: Left atrial volume indexed to body surface area. Figures in
the table represent pearson correlation coefficients. Only significant correlations
were shown in the table. Figures in bold indicate that the correlations remain

population or in HCM group
alone (data not shown).

Relationship between periph-
eral blood cells and cardiac
phenotypes

In addition, we examined the
connections between peripher-
al blood cell counts and cardiac
phenotypes. In the whole popu-
lation, total white blood cell
count was positively correlated
with septal wall thickness
(r=0.308, 0.05) and septal/lat-
eral wall thickness (r=0.321,

signficant after adjusting for age, gender, BMI and family history in a multiple

linear regression model.

Table 4. Correlations between peripheral blood cells and dia-

stolic dysfunction in the whole population

p=0.041), and also correlated
with reduced T, times (r=-0.309,
p=0.049), but not with LGE.
Moreover, white blood cells,
neutrophils, and monocytes

were associated with a number

LAVl ~ Septale’ Laterale’ Meane’ LVOT gradient of parameters of diastolic dys-
WBC 0.322 0331 -0.332 0.326 function (Table 4), but not with
Neutrophils  0.318 -0.345 -0.337 0.328 systolic function (data not
Monocytes 0.333 -0.395 -0.409 -0.437 shown). However, only a few

WBC: White blood cells; LAVI: Left atrial volume indexed to body surface area;
LVOT: Left ventricular outflow tract. Figures in the table represent pearson corre-
lation coefficients. Only significant correlations were shown in the table. Figures
in bold indicate that the correlations remain signficant after adjusting for age,
gender, BMI and family history in a multiple linear regression model.

population, SAP, IL-6, TNF-«, IL-10, and MCP-1
were positively correlated with diastolic dys-
function, but TGF-B was negatively correlated
with diastolic dysfunction (Table 3). However,
only a few associations with diastolic dysfunc-
tion remain significant after adjusting for age,
gender, BMI and family history (Table 3, figures
in bold). Correlations between inflammation
and diastolic function were also assessed with-
in HCM group. Notably, IP-10 was positively cor-
related with septal (r=0.321, p=0.049), lateral
(r=0.417, p=0.011) and mean E/e’ (r=0.378,
p=0.015) while negatively correlated with lat-
eral e (r=-0.387, p=0.02) and mean e’ (r=-
0.359, p=0.029). IL-10 was positively correlat-
ed with LAVI (r=0.356, p=0.03) whereas TGF-31
was again negatively correlated with LAVI (r=-
0.339, p=0.04). However, these associations
lost significance after adjusting for age, gender,
BMI and family history.

Inflammatory markers and systolic function

Inflammatory markers were not significantly
correlated with systolic function in the whole
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associations with diastolic dys-
function remain significant after
adjusting for age, gender, BMI
and family history (Table 4, fig-
ures in bold). There were also
some correlations  between
peripheral blood cell counts and inflammatory
markers. Percentage of monocytes were corre-
lated with TNF-« (r=0.339, p=0.016) while lym-
phocyte count was correlated with IP-10
(r=0.393, p=0.005).

Relationship between BMI and cardiac pheno-
types and systemic inflammation

We finally examined the associations between
BMI and all these parameters. Higher BMI was
associated with diffuse fibrosis (reduced T,
times), cardiac dysfunction (reduced septal, lat-
eral and mean €', increased lateral and mean
E/e’, LVOT, LV stroke volume, and LV end-dia-
stolic volume), and LV hypertrophy (LV septal
and lateral wall thickness), but not with regional
fibrosis (LGE). BMI was also positively correlat-
ed with counts of total white blood cells, neu-
trophils and monocytes, as well as TNF-a.

Discussion

Previous studies have documented infiltration
of leukocytes in the myocardium and elevation

Am J Transl Res 2017;9(11):5063-5073
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of several circulating inflammatory cytokines/
chemokines in patients with HCM [15-18]. In
the present study, we measured 17 inflamma-
tory cytokines/chemokines and correlated
them with the degree of hypertrophy, diffuse
and regional fibrosis and diastolic and systolic
dysfunction measured by CMR and echocar-
diography. We found that TNF-a, IL-6, and SAP
were significantly elevated while TGF-f1 was
significantly decreased in the plasma of HCM
patients. The changes of these inflammatory
markers were modest, which were accompa-
nied by the increased counts of peripheral
white blood cells, neutrophils, and monocytes.
Thus, low-grade systemic inflammation exists
in patients with HCM. We further found that
several circulating inflammatory markers and
peripheral inflammatory cells were associated
with myocardial fibrosis, the degree of hypertro-
phy and diastolic dysfunction in patients with
HCM, suggesting that markers of systemic
inflammation may serve as biomarkers for the
disease severity of HCM patients.

The elevation of TNF-a and IL-6 in HCM is in
consistent with previous studies [15-17],
although IL-6 but not TNF-a was elevated in the
study by Hogye et al [17]. TNF-a and IL-6 are
two important inflammatory cytokines, which
may play a pathogenic role in HCM. It was
shown that cardiac overexpression of TNF-a
caused LV hypertrophy, dilated cardiomyopathy
and premature death [23]. In addition, the
uncommon allele of TNF-a-308G/A polymor-
phism, known to produce more TNF-&, was
associated with greater LV mass and clinical
diagnosis at a younger age in patients with
HCM [24]. IL-6 has been shown to be an impor-
tant mediator of LV hypertrophy, myocardial
fibrosis and LV dysfunction in response to pres-
sure overload [25]. SAP is another inflammato-
ry cytokine and plasma SAP is associated with
increased cardiovascular disease [26]. How-
ever, the contribution of SAP to the pathology of
HCM needs to be further explored. Notably,
plasma TGF-B1 was decreased in patients with
HCM in our study. TGF-B has been known to be
involved in cardiac remodeling including hyper-
trophy and fibrosis in HCM patients [27].
Previous studies showed that myocardial [28,
29] and plasma TGF-p levels [30] were higher in
patients with HCM compared with controls. The
discrepancy in plasma TGF- may be due to dif-
ferent disease status, or medications, amongst
other factors. However, our result may indicate
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that TGF-B is not an early mediator of the
pathology of HCM since TGF-B also inhibits
inflammation.

Accumulating evidence has suggested that
fibrosis is linked to a danger-triggered inflam-
matory response during wound repair [31] and
that chronic low-grade inflammatory activity
may be involved in myocardial fibrosis [32]. In
the present study, we found close correlations
between several inflammatory markers and
both regional and diffuse fibrosis assessed by
CMR in HCM patients. A recent paper docu-
mented the infiltration of inflammatory cells in
the myocardium in cats with pre-clinical HCM
[33]. Therefore, inflammatory response is likely
to trigger myocardial fibrosis in HCM. As myo-
cardial fibrosis is a major determinant of malig-
nant arrhythmias and end-stage systolic heart
failure in HCM [4, 5], modifying the inflamma-
tory cascade might reduce myocardial fibrosis,
which could be of critical importance for pre-
venting cardiac death.

LGE reflects collagenous scar formation [34]
while reduced T, times indicate diffuse intersti-
tial fibrosis in HCM. Until now, there has been
no data available on whether there are differ-
ent mechanisms for the development of region-
al versus diffuse fibrosis. We demonstrated
that regional and diffuse myocardial fibrosis
were correlated with different circulating inflam-
matory markers, with LGE being correlated with
IL-6, IL-4, and MCP-1 while reduced T, times
being correlated with SDF and MCP-1. SDF rais-
es the retention of infiltrated T cells via induc-
ing the SDF/CXCR4 axis [35] and SDF-1/CXCR4
axis is also an important mediator of fibrocyte
migration [36]. So we speculate that T cells and
fibrocytes may be more important in diffuse
fibrosis while regional fibrosis is probably more
related to residential fibroblasts since LGE was
in close correlations with IL-6, and IL-4, which
are 2 profibrotic cytokines. IL-6 increases fibro-
blast proliferation and collagen and glycosami-
noglycan production in fibroblasts [37, 38]. In
vitro data demonstrate that IL-4 upregulates
procollagen genes and stimulates collagen pro-
duction in mouse cardiac fibroblasts [39].
MCP-1 is correlated with both regional and dif-
fuse fibrosis. MCP-1 not only recruits mono-
cytes, but also stimulates collagen expression
and endogenous up-regulation of TGF-f3 expres-
sion in fibroblasts, leading to autocrine and/or
juxtacrine stimulation of collagen gene expres-
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sion [40]. In addition, the finding that total white
blood cell count is correlated with T, times but
not LGE might further support the notion that
diffuse fibrosis is more related to inflammatory
cells. However, the different pathogenic mecha-
nisms for diffuse and regional fibrosis warrant
further investigations with proof of concept
studies.

In our study, HCM patients had diastolic dys-
function but well-preserved systolic function.
We did not find correlations between systemic
inflammation and systolic function. We found
that a number of inflammatory markers and
peripheral inflammatory cells were correlated
with diastolic dysfunction. However, the corre-
lations were weakened after adjusting for age,
gender, BMI and family history in a multiple lin-
ear regression model. From the multiple linear
regression model, BMI contributed most to the
parameters of diastolic dysfunction. These
data suggest that it is important to advise HCM
patients to control their BMI to improve their
diastolic function.

We also found that fractalkine was associated
with septal wall thickness while fractalkine and
IFN-y were associated with the ratio of septal/
lateral wall thickness within HCM patients. It
was reported that fractalkine-neutralizing anti-
body [41] attenuated cardiac hypertrophy in
animal models and in vitro, fractalkine induced
the expression of markers of cardiac hypertro-
phy in neonatal cardiomyocytes [42]. IFN-y defi-
ciency [43] attenuated cardiac hypertrophy in
animal models, while SAP-IFN-y transgenic
mice developed chronic myocarditis and car-
diomyopathy [44]. However, the effects of IFN-y
on cardiac hypertrophy in animal experiments
and in vitro cardiomyocyte culture are conflict-
ing [45]. Taken together, inflammatory markers
may play a role in potentiating septal wall thick-
ness in patients with HCM.

This study has several limitations. Firstly, our
findings were based on the 17 cytokines/che-
mokines measured in this study, potentially
omitting other important cytokines/chemo-
kines which mediate the pathology of HCM.
Secondly, we found that systemic inflammation
was associated with myocardial fibrosis and
diastolic dysfunction. Given the cross-sectional
nature of the study, it is impossible to deter-
mine whether these associations are causal.
However, this study sheds more light on the
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associations between systemic inflammation
and cardiac phenotypes in HCM. More studies
are required to further define the role of inflam-
mation and specific inflammatory markers in
HCM prior to the application of effective anti-
inflammatory therapies in patients with HCM.
This is really important since there is currently
lack of effective treatments for HCM.

In conclusion, several inflammatory markers
and inflammatory cells in peripheral blood are
increased in HCM patients compared with
healthy controls. Systemic inflammation is
associated with myocardial fibrosis, septal wall
thickness and LV diastolic dysfunction. Thus,
markers of systemic inflammation may serve as
biomarkers for the disease severity of HCM
patients. Modulating inflammatory reactions in
HCM patients could be a useful therapeutic
approach for managing myocardial fibrosis.
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