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Research in context

Evidence before this study

We have previously shown that interleukin-6 receptor (IL-6R)

inhibition by a single dose of 280 mg tocilizumab prior to

PCI was associated with improved myocardial salvage in

patients with STEMI. More recently, we showed that these

beneficial effects relate to suppressive effects on neutrophil

counts and degranulation, including formation of neutrophil

extracellular traps. Some studies have shown that high

monocyte counts is associated with adverse outcome in

STEMI patients. However, the effect of IL-6R on numbers of

monocytes and the monocytes transcriptome profile in

STEMI patients are at present not known.

Added value of this study

In the present study, we extend previously knowledge in

several ways. (i) We show STEMI patients had increased

monocyte counts at 24 h and 3–7 days after hospitalisation/

percutaneous coronary intervention and that this increase

was attenuated by tocilizumab. (ii) Lower monocyte levels at

24 h were associated with lower troponin T levels and higher

myocardial salvage index. (iii) Monocyte transcriptome

profiling suggested that tocilizumab modulated cytokine

signalling pathways related to myocardial remodelling,

apoptosis, and chemotaxis, potentially reflecting a protecting

monocyte subtype that not fitted into the classical

subdividing of monocyte subtypes. (iv) Our findings suggest

that this tocilizumab-induced change in monocyte

transcriptome profile is caused by a decrease in suppressor of

cytokine signalling 3 (SOCS3). (v). IL-6R expression at

hospitalisation was associated inversely with myocardial

salvage index, providing further support for the benefit of

reducing the IL-6 signalling pathway in STEMI. (vi) In vitro,

tocilizumab limited apoptosis of cardiomyocytes exposed to

ischemia/reperfusion and reduced chemotaxis in monocytes

exposed to IL-6.

Implications of all the available evidence

Our findings provide evidence that tocilizumab affects

monocyte counts and in particular the transcriptome profile

of these cells, especially pathways related to chemotaxis and

apoptosis. The study should encourage further and larger

studies in of IL-6 inhibition in STEMI patients as well as in

other studies where abnormal apoptosis and chemotaxis play

a pathogenic role.
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Methods
Ethics

Patients and study design

Blood sampling protocol and biochemistry

Isolation of monocytes
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◦

RNA isolation, RNA sequencing and rt-qPCR

μ

μ

◦ ◦

◦

Tocilizumab

(n = 101)

Placebo

(n = 98)

Demographics

Age, years 62 ± 10 60 ± 9

Men 80 (79) 87 (89)

Body mass index, kg/m2 27.1 ± 4.5 27.5 ± 4.3

Caucasian 99 (98) 94 (96)

Smoking status

Never smokers 38 (38) 36 (37)

Previous smokers 33 (33) 24 (24)

Current smokers 30 (30) 38 (39)

Prior conditions

Other vascular disease 6 (6) 6 (6)

Aortic disease 0 2

Angina pectoris 1 1

Cerebrovascular disease 4 2

Peripheral vascular disease 1 1

Diabetes mellitus 8 (8) 6 (6)

Hypertension 33 (33) 30 (31)

Treatment

ACE inhibitor or ARB 22 (22) 25 (26)

Aldosterone antagonist 1 (1) 0 (0)

Oral anticoagulants 5 (5) 2 (2)

Platelet inhibitor 12 (12) 5 (5)

Beta-blocker 8 (8) 3 (3)

Calcium antagonist 13 (13) 10 (10)

Diuretic 8 (8) 8 (8)

Statin 19 (19) 9 (9)

Up-front DAPT 101 (100) 98 (100)

Time from symptom onset to arrival at PCI centre, min 151 ± 71 149 ± 72

Door-to-balloon time, min 23 ± 10 23 ± 11

Laboratory values

Haemoglobin, g/l 143 ± 13 144 ± 12

Platelet count, 109/l 253 ± 59 260 ± 62

Total white blood cell count, 109/l 11.6 ± 3.4 11.6 ± 3.4

Aspartate transaminase, U/l 28 (22–37) 30 (24–37)

Troponin T, ng/l 44 (22–163) 49 (28–95)

CK-MB, μg/l 5.0 (2.6–14.0) 5.3 (3.0–10.0)

NT-proBNP, ng/l 79 (50–178) 63 (50–146)

Creatinine, mmol/l 74 ± 17 78 ± 20

Glucose, mmol/l 9 ± 3 9 ± 3

HbA1c, mmol/mol 37 (34–41) 37 (34–40)

Total cholesterol, mmol/l 5.3 ± 1.2 5.2 ± 1.0

HDL cholesterol, mmol/l 1.2 (0.9–1.3) 1.1 (0.9–1.3)

LDL cholesterol, mmol/l 3.7 ± 1.1 3.7 ± 0.9

C-reactive protein, mg/l 2.4 (0.9–5.0) 2.9 (1.4–5.0)

Albumin, g/l 42 ± 3 42 ± 3

Values are mean ± SD, n (%), or median (interquartile range). Note, all laboratory values including total white

blood cell counts and CRP reflect values before the administration of tocilizumab. ACE, angiotensin-converting

enzyme; ARB, angiotensin receptor blocker; CK-MB, creatine kinase myocardial band; DAPT, dual anti-platelet

therapy; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PCI, percutaneous coronary intervention;

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Baseline characteristics for the STEMI population before treatment and study drug

administration.
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Horizontal integration and analysis of
transcriptomics datasets (hCoCena)

Flow cytometry

ϕ

Western blot

μ

◦

μ

β β

β

Apoptosis of cardiomyocytes

μ
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◦

◦

Chemotaxis of monocytes

μ

Statistical analyses

Role of funders

Results
Monocyte counts increased after PCI in the
placebo, but not in the tocilizumab group: data
from the whole ASSAIL-MI cohort

High monocyte counts 24 h after hospital
admission were associated with decreased MSI and
increased TnT in the placebo group: data from the
whole ASSAIL-MI cohort

Tocilizumab augmented the expression of
numerous gene transcripts 24 h after hospital
admission: data from randomly selected patients
in the ASSAIL-MI cohort
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Pathways involved in cytokine signaling were
differentially regulated in monocytes from
patients treated with tocilizumab: Data from
reandomly selected patients in the ASSAIL-MI
cohort

SOCS3, a regulator of inflammation–RNA and
protein levels fall in tocilizumab-treated patients:
data from reandomly selected patients in the
ASSAIL-MI cohort

Horizontal integration and analysis of
transcriptomics datasets (hCoCena) in monocytes
show differences between the two treatment
groups: Data from reandomly selected patients in
the ASSAIL-MI cohort

The effect of tocilizumab on cytokine signaling in monocytes is mediated through down-regulation of suppressor of cytokine

signaling 3 (SOCS3). a, The experimental schematic for studying the effect of tocilizumab on isolated monocytes at 24 h after PCI. b, The

number of differentially regulated genes in monocytes (adjusted p-value <0.05) between tocilizumab (n = 7) treated and placebo (n = 7)

treated patients at all time points. c, Correlation analysis between normailized transcript level of IL-6R, gp130 at the time of hospitalisation

and MSI. A trend line is indicated for easier visualisation. Correlations were calculated using Spearman’s correlation coefficient (r). d, The top

five differentially regulated pathways between monocytes isolated from STEMI patient treated with tocilizumab or placebo, 24 h after

hospitalisation. Only Reactome (R-HSA) and gene ontology (GO) terms are included in the Metascape analysis. e, The direction of regulation

of Reactome pathways under the “Immune system” pathway between monocytes from tocilizumab (n = 7) and placebo (n = 7) treated

patients 24 h after hospitalisation. Dark blue is significantly downregulated, bright yellow is significantly upregulated in the tocilizumab arm

compared to the placebo arm. The analysis is performed with the Reactome analysis tool. f, The upregulated Reactome pathway “Cytokine

signaling” with regulated relevant sub-pathways. Yellow arrow shows significant upregulation, blue arrow shows significant downregulation.

Hit rate and p-value from the analysis are given. g, The log2 fold change (Log2FC) and p-value for SOCS3 when comparing tocilizumab-

treated patients with placebo-treated patients in the RNA sequencing analysis. Blue arrow shows significant downregulation. h, Represen-

tative Western blot of SOCS3 (24 kDa) and β-actin (42 kDa) for tocilizumab-treated patients (n = 4) and placebo-treated patients (n = 4).

i, The relative protein expression of SOCS3 compared to β-actin based on the western blot for tocilizumab-treated patients (n = 7) and

placebo-treated patients (n = 7). *p < 0.05 (unpaired t test).
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Tocilizumab reduces monocyte chemotaxis:
In vitro experiment

Tocilizumab attenuates apoptosis in
cardiomyocytes exposed to ischemia/reperfusion:
In vitro experiment in a mouse cell line

Discussion

Longitudinal gene expression analysis (hCoCena) in monocytes from patients with STEMI. a, The experimental schematic for

longitudinal RNA sequencing analysis. b, Heatmap over how gene transcripts from RNA sequencing from monocytes are divided into modules

based on their expression pattern. This heatmap shows the module expression in the acute phase of STEMI (placebo only, n = 7) and healthy

controls (n = 7). c, Correlation analyses between the modules and the clinical parameters CRP, MSI and TnT. We only present the modules

with a significant correlation (p < 0.05). d, An annotation analysis of the modules from B (GO pathway) (upper half), and the expression

pattern in both placebo (n = 7) and tocilizumab (n = 7) for each module (lower half). Red reflects high and blue reflects low expression.
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