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Background: T cells are important regulators of inflammation and, via release of mediators, 
can contribute to pulmonary fibrosis. Nintedanib is approved for the treatment of idiopathic 
pulmonary fibrosis, systemic sclerosis-associated interstitial lung disease (ILD) and chronic 
fibrosing ILDs with a progressive phenotype. However, how nintedanib targets T cells has 
not been elucidated.
Materials and Methods: We investigated the immunomodulatory effects of nintedanib on 
T cells and peripheral blood mononuclear cells isolated from healthy donors. Cells were pre- 
incubated with different concentrations of nintedanib and then stimulated for 24 hours with 
anti-CD3 with or without anti-CD28 and with or without different cytokines. Levels of 
interferon gamma (IFN-γ), interleukin (IL)-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13 were 
quantitated. Western blotting with primary antibodies against phospho-Lck-Y394, phospho- 
Lck-Y505, Lck-total and Cofilin examined the phosphorylation level of the Lck protein. In 
vitro T-cell proliferation, T-cell clustering and different T-cell populations were also 
assessed.
Results: Nintedanib blocked T-cell activation through inhibiting Lck-Y394 phosphorylation. 
Pretreatment of T cells with nintedanib reduced cluster formation as a marker of activation 
and inhibited the release of IFN-γ, IL-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13 at clinically 
relevant concentrations ranging from 5–77 nmol/L. Nintedanib did not alter T-cell prolifera-
tion or numbers of CD4+ and CD8+ T cells, but did increase stimulated Th17-like cells 
without increasing IL-17A levels.
Conclusion: These immunomodulatory effects may further explain how nintedanib slows 
the progression of pulmonary fibrosis in various ILDs.
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Introduction
T cells are important regulators of the immune system and are central to controlling 
inflammation. They are present diffusely throughout the lung and are known to be 
involved in the pulmonary fibrosis seen in fibrosing interstitial lung diseases 
(ILDs), such as idiopathic pulmonary fibrosis (IPF), as well as in pulmonary arterial 
hypertension (PAH).1,2 T cells have also been identified in ectopic lymphoid tissues, 
contributing to sustained inflammation in patients with IPF and PAH.2,3 Pulmonary 
fibrosis can also manifest in several connective tissue diseases, including systemic 
sclerosis (SSc/scleroderma), rheumatoid arthritis (RA),4–6 and in patients with 
chronic hypersensitivity pneumonitis (cHP).7

Both the innate and adaptive immune systems are involved in the development 
of fibrosis.8 Accordingly, circulating peripheral blood mononuclear cells (PBMCs), 
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including T cells, appear to play a prominent role in the 
pathogenesis of SSc, RA, and cHP.9–11 Fibrosis is charac-
terized by the expansion of fibroblasts and excessive 
deposition of extracellular matrix (ECM) through signal-
ing from various cytokines, chemokines, and other media-
tors. Pulmonary fibrosis is commonly preceded by 
inflammation due to T-cell infiltration, suggesting that 
these cells are important for the pathology of fibrosis. 
T cells are a major source of mediators that stimulate 
and transform fibroblasts,12 causing excessive deposition 
of ECM, which can lead to pulmonary fibrosis in patients 
with SSc-ILD, RA-ILD, and cHP,9,10,13 but which may 
also downregulate the fibrotic response (reviewed in 
Zhang et al).14

A broad range of different subsets of T cells is involved 
in the fibrogenic response, such as T helper cells (Th; 
including Th1, Th2, Th9, Th17, Th22), and T follicular 
helper cells, regulatory T (Treg) cells, natural killer T cells, 
γδ T cells, CD8+ cytotoxic T lymphocytes, and T follicular 
regulatory cells (reviewed in Heukels et al8 and Zhang 
et al14).

Depending on their activation status, interconnectivity 
and disease pathology, nearly all subsets of T cells are 
capable of releasing diverse mediators such as interleukin 
(IL)-2, IL-4, IL-9, IL-13, IL-17, IL-22 and interferon 
gamma (IFN-γ), to modulate the fibrotic response.14,18,19

Nintedanib is an oral, potent, small-molecule tyrosine 
kinase inhibitor targeting fibroblast growth factor receptor 
1–3, platelet-derived growth factor receptor α and β, vas-
cular endothelial growth factor receptor 1–3, and multiple 
non-receptor tyrosine kinases, including proto-oncogene 
tyrosine-protein kinase (Src), Lyn, lymphocyte-specific 
protein tyrosine kinase (Lck), Fms-like tyrosine kinase-3, 
colony-stimulating factor-1 receptor and several other tyr-
osine kinases. By binding to the intracellular adenosine 
triphosphate binding sites of these tyrosine kinases, ninte-
danib inhibits the activation of intracellular signal trans-
duction pathways.15–17

Preclinical studies have demonstrated that nintedanib 
exerts antifibrotic and anti-inflammatory activities in mod-
els of lung fibrosis, whereas clinical trials have shown 
good efficacy and safety profiles in patients with IPF,18 

SSc-ILD19 and, most recently, a range of fibrosing ILDs 
with a progressive phenotype.20 Nintedanib inhibits fibro-
blast-to-myofibroblast transformation and the proliferation 
of lung fibroblasts from patients with IPF.17,21,22 It also 
demonstrated a reduction in fibrosis and inflammation in 
different animal models of lung fibrosis.22–26

However, the underlying mechanisms by which ninte-
danib targets pulmonary fibrosis via T cells have not been 
explored. We know that T-cell activation is dependent on 
T-cell antigen receptor (TCR) signaling, which is initiated 
through the phosphorylation of several tyrosine kinases, 
such as Src and Lck,27,28 and dampened by the phosphor-
ylation of Fyn.29,30 Phosphorylation leads to the activation 
of downstream signaling pathways that ultimately activate 
transcription factors responsible for T-cell proliferation, 
differentiation, or apoptosis.27 In particular, Lck is acti-
vated after T-cell stimulation and is required for T-cell 
proliferation and mediator release like IL-2.31 Inhibition 
of Lck can induce apoptosis in glucocorticoid-resistant 
T-acute lymphoblastic leukemia cells.32 The aim of this 
study was to explore the immunomodulatory effect of 
nintedanib on T-cell activation, subsets and function.

Materials and Methods
Determining the Inhibitory Potency of 
Nintedanib on Mediator Release in 
Human T Cells and PBMCs
Human whole blood was collected and PBMCs were isolated 
with a Ficoll density gradient; 1x105 cells were seeded in 100 
μL X–Vivo™ 15 medium per well of a 96-well cell culture 
plate (Lonza, Basel, Switzerland). PBMCs were pre- 
incubated for 20 minutes with different concentrations of 
nintedanib (0.1–1000 nM) and then stimulated for 24 hours 
with either anti-CD3 (1 µg/mL) or anti-CD3 (1 µg/mL) in 
combination with anti-CD28 (0.5 µg/mL) at 37°C and 5% 
CO2 in the presence of nintedanib and dimethyl sulfoxide.

PAN-T cells, CD4+ and CD8+ T cells were separated 
from other PBMCs by affinity chromatography using 
Miltenyi Biotec magnetic labeling kits for negative selec-
tion of the respective cells (Miltenyi Biotec, Bergisch 
Gladbach, Germany). The purity of isolated T cells was 
verified to be ≥88.1% (PAN-T cells), 84.7% (CD4+ 
T cells) and 89.7% (CD8+ T cells) by flow cytometry 
analysis using either FITC-conjugated anti-CD3, PE- 
conjugated anti-CD4, or APC-conjugated anti-CD8, 
respectively. The cells were seeded on a 96-well plate 
(1x105 cells/well) that was coated with 50 ng anti-CD3 
/well, pre-incubated for 20 minutes with different concen-
trations of nintedanib (0.1–1000 nM) and then stimulated 
for 24 hours with or without anti-CD28 (0.5 µg/mL). Pre- 
incubation was chosen because nintedanib is used as 
a chronic treatment in patients with the goal of achieving 
constant exposure.33 The cell culture supernatants were 
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collected and the levels of IFN-γ, IL-2, IL-4, IL-5, IL-10, 
IL-12p70 and IL-13 were quantitated using a cytokine- 
specific detection antibody labeled with MSD SULFO- 
TAG™ (Meso Scale Discovery, Rockville, USA) reagent 
by a Meso Scale SECTOR imager. For each experiment, 
the half maximal inhibitory concentration (IC50) was cal-
culated separately. The mean IC50 was calculated by non- 
linear fitting of results from experiments performed with 
blood from the different donors. The number of donors 
(1–8) for each experiment is given in the figures.

Cell Isolation and Culture
Primary human T cells were isolated from blood of healthy 
donors. Whole blood was incubated for 20 minutes with 
RosetteSep™ Human T cell Enrichment Cocktail (Stem 
Cell Technologies, Vancouver, Canada) and T cells were 
isolated by negative selection using a Ficoll density gradi-
ent; 1x105 cells were seeded in 100 μL per well of a 96-well 
plate in RPMI-1640 medium supplemented with 10% fetal 
calf serum (FCS), 1 mM pyruvate, 2 mM L-glutamine, 100 
U/mL penicillin/streptomycin, 50 μM β-mercaptoethanol 
(RPMI/FCS) and used for experiments within 24 hours 
and 48 hours of isolation. Typically, 90% pure T-cell popu-
lations were obtained, measured by anti-CD3 staining and 
fluorescence-activated cell sorting (FACS) analysis.

Cell Stimulation
Sorted T-cell populations were cultured in RPMI/FCS and 
incubated for 20 minutes with nintedanib at 10, 30 and 100 
nM. After 20 minutes of incubation, T cells were stimu-
lated with anti-CD3 (10 µg/mL) in combination with anti- 
CD28 (2 µg/mL) and IL-2 (10 ng/mL) at 37°C in 5% CO2 

for 24 or 48 hours in the presence of nintedanib and other 
cytokines, as shown in Table 1. After stimulation, cells 
were characterized either by flow cytometry or Western 
blot analysis. For flow cytometry analysis of intracellular 
cytokines, cells were stimulated for 4 hours with phorbol 
myristate acetate (5 ng/mL) and ionomycin (500 ng/mL).

In vitro T-Cell Proliferation Assay
Isolated T cells from the blood of healthy donors were plated 
in 96-well plates; 1x105 cells were seeded in 100 μL per well 
in RPMI/FCS pretreated with nintedanib and stimulated as 
described above together with 10 µM bromodeoxyuridine 
(BrdU). The plates were placed in an incubator (37°C, 5% 
CO2) for 24 hours. The cell proliferation assay was per-
formed according to the manufacturer’s instructions (Roche 
Applied Sciences, Penzberg, Germany). Control experiments 

included cells cultured without any stimuli. The experiment 
was done twice with triplicate samples.

T-Cell Clustering
Images of activated T cells were taken with an IncuCyte 
ZOOM® imager (Essen Bioscience, Ann Arbor, USA). 
Images were taken with a 310 objective lens every 2 hours 
for 48 hours. IncuCyte ZOOM software was used to automa-
tically score and quantify cluster formation. Clusters were 
defined as cell aggregates occupying an area of at least 
2000 µm2 and an eccentricity (non-circularity) of 0.8, and 
were expressed as the number of clusters per square 
millimeter.34 Five different locations were imaged in each 
well over the entire time course, and clustering analysis was 
dependent on the quantification of at least 8–16 total time-lapse 
videos.

Antibodies and Flow Cytometry
The following antibodies were used for flow cytometry: 
7-AAD for viability, FITC-conjugated anti-CD3, 

Table 1 Reagents Used for T-Cell Stimulation

Stimulus Concentration Used

Th1-like αCD3 10 μg/mL

αCD28 2 μg/mL

rhIL-2 10 ng/mL

rhIL-12 10 ng/mL

Th2-like αCD3 10 μg/mL

αCD28 2 μg/mL

rhIL-2 10 ng/mL

rhIL-4 20 ng/mL

Th17-like αCD3 10 μg/mL

αCD28 2 μg/mL

rhIL-2 10 ng/mL

αIL-4 10 μg/mL

αIFN-γ 10 μg/mL

Th αCD3 10 μg/mL

αCD28 2 μg/mL

rhIL-2 10 ng/mL

rhIFN-γ 100 ng/mL

rhIL-4 100 ng/mL

Abbreviations: IFN-γ, interferon gamma; IL, interleukin; rh, recombinant human; 
Th, T helper; Th1, T helper type 1; Th2, T helper type 2; Th17, T helper type 17.

Drug Design, Development and Therapy 2021:15                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
999

Dovepress                                                                                                                                                           Ubieta et al

http://www.dovepress.com
http://www.dovepress.com


BUV395-conjugated anti-CD4, APC-conjugated anti- 
CD8, BV421-conjugated anti-IL-4, PECy7-conjugated 
anti-IFN-γ (all from BD Biosciences, New Jersey, USA) 
and BV605-conjugated anti-IL-17A (BioLegend, San 
Diego, USA). Analyses of expression of cell surface mole-
cules at a single-cell level were performed by flow cyto-
metry with a FACS LSR-Fortessa flow cytometer (BD 
Biosciences, New Jersey, USA). Cells from tissue culture 
were stained with a sufficient amount of FACS antibodies 
for 20 minutes at 4°C in the dark. Cells were washed with 
200 µL FACS buffer (2% FCS and 2 mM ethylenediami-
netetraacetic acid in phosphate-buffered saline) and sus-
pended in 200 µL FACS buffer. For analysis of 
intracellular proteins, cells were fixed and permeabilized 
with the Fix&Perm kit (BD Biosciences, New Jersey, 
USA) according to the manufacturer’s instructions, 
stained, and analyzed as described above.

The cell number was calculated using AccuCheck 
Counting Beads (Thermo Fisher Scientific, Waltham, 
USA). The final absolute count was performed according 
to the manufacturer’s instructions. 100 µL of counting 
beads was added to 100 µL of cell suspension for staining 
with FACS antibodies and measured by flow cytometry. 
The final absolute count was determined by dividing the 
number of cells counted with the total number of beads 
counted multiplied by the number of AccuCheck Counting 
Beads per µL (cells/µL).

Measurement of IL-17A Concentration in 
Supernatants
The concentration of IL-17A in the supernatant from 
T-cell cultures was measured with an IL-17A enzyme- 
linked immunosorbent assay kit (eBioscience, California, 
USA). Briefly, aliquots from the supernatant together with 
a biotin-conjugated anti-human IL-17A antibody were 
incubated overnight onto anti-human IL-17A-coated 
microwells. Following incubation with peroxidase- 
conjugated antibodies to IL-17A, color was developed 
with hydrogen peroxide and tetramethylbenzidine peroxi-
dase, and the absorbance at 450 nM was measured. 
Wavelength correction was performed by absorbance at 
620 nM. The concentration of IL-17A in each sample 
was determined by interpolation from a standard curve.

Protein Isolation
T cells from cell culture were washed twice with cold 
Dulbecco’s phosphate-buffered saline. Afterwards, cells 

were incubated with 100 μL of radioimmunoprecipitation 
assay buffer (Thermo Fisher Scientific, Waltham, USA) 
containing a protease-inhibitor cocktail (Sigma-Aldrich) 
and a phosphatase-inhibitor cocktail (Thermo Fisher 
Scientific, Waltham, USA) for 30 minutes at 4°C and 
centrifuged at 13,000 rpm for 20 minutes at 4°C. 
Supernatant was stored at –80°C until immunoblotting 
analyses.

Western Blotting
Cells were seeded onto 96-well plates with 1×105 cells/ 
well, pre-incubated for 20 minutes with nintedanib (10, 30 
and 100 nM) and subsequently stimulated with anti-CD3 
(10 µg/mL) in combination with anti-CD28 (2 µg/mL) for 
5, 10 and 15 minutes. To examine the phosphorylation 
level of the Lck protein, cells were lysed in cell lysis 
buffer. Primary antibodies against phospho-Lck-Y394, 
phospho-Lck-Y505, Lck-total (Life Technologies, 
Carlsbad, USA) and Cofilin (Cell Signaling Technology, 
Danvers, USA) were used. The detection was done by 
a capillary electrophoresis-based protein analysis system 
(ProteinSimple, San Jose, USA).

Statistical Analyses
All experiments were repeated at least three times (if not 
stated otherwise) and done in technical triplicates. Data are 
shown as mean ± standard error of mean or mean ± 
standard deviation. Unless otherwise noted, the statistical 
differences between groups were analyzed by one-way 
analysis of variance with subsequent Dunnett’s multiple 
comparison test for all parametric data, and Kruskal– 
Wallis test followed by Dunn’s multiple comparison test 
for non-parametric data. Statistical significance was 
accepted at P<0.05. The tests were performed using 
GraphPad Prism version 7 for Windows (GraphPad 
Software, La Jolla, USA).

Ethical Statement
Blood was donated by internal donors at the center for 
occupational health at Boehringer Ingelheim in Biberach; 
the donors provided signed informed consent that allows 
use for scientific purposes. All research was performed in 
accordance with the principles stated in the Declaration of 
Helsinki. Ethical approval was provided by the Federal 
State Medical Association of Baden-Württemberg, refer-
ence no. F-2016-121.
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Results
Nintedanib Inhibits Lck Phosphorylation 
in T Cells
To explore whether nintedanib inhibits Y394 phosphoryla-
tion in our T-cell system, we performed a Western blot 
analysis of protein isolated from a primary culture of 
T cells pretreated with nintedanib at 10, 30 and 100 nM 
and stimulated with anti-CD3/CD28 at different time 
points. After 15 minutes of stimulation with anti-CD3 
/CD28, Y394 phosphorylation was significantly increased 
and this was inhibited by nintedanib in a concentration- 
dependent manner (Figure 1A and C). Total Lck was not 
reduced by nintedanib (Figure 1). However, no phosphor-
ylation or differences between untreated cells or those 
treated with nintedanib were observed after 5 and 10 
minutes of stimulation with anti-CD3/CD28 (data not 
shown). As expected, no Y505 phosphorylation was 
observed after stimulation with anti-CD3/CD28 (data not 
shown). These results confirmed that nintedanib blocks 
Lck phosphorylation in T cells.

Nintedanib Inhibits the Release of 
Mediators by PBMCs and T Cells
To determine the inhibitory potency of nintedanib on the 
release of mediators by human PBMCs and T cells, these 
cells were stimulated with anti-CD3 or anti-CD3 in combi-
nation with anti-CD28. In PBMCs, nintedanib blocked the 
release of anti-CD3- or anti-CD3/CD28-stimulated IFN-γ, 
IL-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13 in 
a concentration-dependent manner, with IC50 values ran-
ging from 17 to 59 nmol/L (Figure 2 and Supplementary 
Figures 1–4). The same effect was observed in PAN-T cells 
with IC50 values ranging from 5 to 77 nmol/L; however, 
anti-CD3-stimulated IL-12p70 was below the detection 
limit. In CD4+ and CD8+ T cells, only IL-2 levels were 
determined, as cell yields were too low to determine all 
other mediators (Figure 2 and Supplementary Figures 1–4). 
Nintedanib also attenuated the release of anti-CD3- or anti- 
CD3/CD28-stimulated IL-2 in a concentration-dependent 
manner, with IC50 values ranging from 23 to 83 nmol/L. 
These results are summarized in Table 2.

Normal T-Cell Proliferation Upon 
Nintedanib Treatment
To investigate the inhibitory potency of nintedanib on 
T-cell proliferation and activation, human PAN-T cells 

were isolated from healthy donors, treated with nintedanib, 
and stimulated with anti-CD3/CD28, IL-2, anti-IL-4 and 
anti-IFN-γ to examine cluster formation and proliferation. 
T cells pretreated with nintedanib at 30 and 100 nM failed 
to cluster following stimulation with the above cocktail 
(Figure 3A and B). Proliferation of the PAN-T cells was 
also slightly enhanced following stimulation with the 
above cocktail. Although nintedanib demonstrated reduced 
cluster formation, it did not alter the proliferation of sti-
mulated T cells, as evidenced by similar absorbance values 
of BrdU between cells that were pretreated with nintedanib 
and cells that were not (Supplementary Figure 5).

The Number of CD4+ and CD8+ T Cells 
Does Not Change with Nintedanib 
Treatment
To investigate the effect of nintedanib on T-cell subsets, 
we performed flow cytometry analyses on CD4+ and CD8 
+ T-cell populations after pretreatment with nintedanib and 
stimulation with anti-CD3/CD28, IL-2, anti-IL-4 and anti- 
IFN-γ. T cells pretreated with nintedanib did not show 
significant differences in CD4+ and CD8+ cell numbers 
compared with non-pretreated cells (Supplementary 
Figure 6).

Nintedanib Increases the Number of 
Th17-Like Cells
To determine whether the reduced cluster formation by 
nintedanib also decreases the numbers of Th1-, Th2- or 
Th17-like cells, T cells were pretreated with nintedanib 
and stimulated for 24 hours with different stimuli (Table 
1), and flow cytometry of the intracellular levels of IL-4, 
IFN-γ and IL-17A was performed. Cells pretreated with 
nintedanib and stimulated with anti-CD3/CD28, IL-2, anti- 
IL-4 and anti-IFN-γ (Th17-like stimuli) demonstrated an 
increase in the percentage and number of Th17-like cells 
(Figure 4A–C) and a reduction in the percentage and 
number of Th1- and Th2-like cells measured by intracel-
lular staining of IFN-γ and IL-4, respectively (Figure 5A). 
However, cells pretreated with nintedanib and stimulated 
with Th1 and Th2 stimuli did not show any differences in 
the number of Th1- and Th2-like cells in comparison with 
non-pretreated cells (Supplementary Figure 7). Also, the 
number of Tregs did not change (data not shown).

The increased numbers of Th17-like cells occurred in 
a concentration-dependent manner with nintedanib pretreat-
ment, with the highest numbers of cells pretreated with 
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Figure 1 Inhibition of Lck phosphorylation by nintedanib. Automated capillary electrophoresis Western blot was performed using antibodies against Lck-Y394 (A) and total 
Lck (B). Cells were pretreated for 20 min with nintedanib and stimulated for 15 min with αCD3/αCD28. The area under the curve of the intensity of the chemiluminescence 
signal is shown as mean ± standard deviation of 3 donors. Panel (C) shows example Western blot with Lck-Y394 and cofilin. Panel (D) shows total Lck control Western blot. 
Abbreviation: Lck, lymphocyte-specific protein tyrosine kinase.
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100 nM of nintedanib. Surprisingly, nintedanib did not affect 
the levels of IL-17A release in these cells (Figure 4D). In 
accordance with the high intracellular levels of IL-17A, 
pretreatment with nintedanib and Th17 stimuli showed 
a decreased percentage of intracellular levels of IFN-γ and 
IL-4 (Figure 5), with no change in the absolute cell number 
between cells with or without pretreatment with nintedanib 
(Supplementary Figure 8). These data indicate that 
decreased cluster formation following nintedanib treatment 
is not accompanied by a reduction in Th1, Th2 or Th17 cells.

Excess IFN-γ and IL-4 Prevent the 
Increase of Th17-Like Cells Induced by 
Nintedanib
Naïve T cells differentiate into Th1, Th2, Th17 or Treg cells, 
depending on the cytokine profile. IFN-γ or IL-4 can inhibit the 
differentiation from naïve T cells to Th17 cells.35 To determine 
whether the increased number of Th17-like cells was due to the 
inhibition of nintedanib of the IFN-γ and IL-4 release, stimula-
tion of cells with anti-CD3/CD28, IL-2 and recombinant IFN-γ 
and IL-4 after nintedanib pretreatment was performed in vitro. 

Figure 2 Nintedanib blocks the release of anti-CD3 or anti-CD3/anti-CD28-stimulated IL-2 from PBMCs, T cells, CD4+ and CD8+ specific T cells. IL-2 levels were 
determined in the cell culture supernatants from primary PBMCs, T cells and CD4+ and CD8+ specific T cells from healthy donors. Cells were pretreated for 20 min with 
nintedanib and stimulated for 24 hours with anti-CD3 or anti-CD3/anti-CD28. All data are presented as mean ± standard deviation. The number of donors is indicated in the 
figure. 
Abbreviations: IC50, half maximal inhibitory concentration; IL, interleukin; PBMC, peripheral blood mononuclear cell.

Table 2 Nintedanib Inhibits the Release of Cytokines

Inhibition of Cytokine Release by Nintedanib, IC50 (nmol/L)

Cell Type Stimulus IFN-γ IL-2 IL-4 IL-5 IL-10 IL-12p70 IL-13

PBMC αCD3 28 26 25 23 59 17 34

αCD3/αCD28 32 23 33 27 46 49 40

PAN-T cell αCD3 53 26 6 5 20 – 17

αCD3/αCD28 77 52 18 33 36 7 38

CD4+ T cell αCD3 – 48* – – – – –

αCD3/αCD28 – 26 – – – – –

CD8+ T cell αCD3 – 73 – – – – –

αCD3/αCD28 – 83 – – – – –

Notes: For PAN-T cells, IL-12p70 stimulated by anti-CD3 was below the detection limit. For CD4+ and CD8+ T cells, only IL-2 could be evaluated due to low cell numbers. 
Cells were pretreated for 20 min with nintedanib and stimulated for 24 hours with anti-CD3 or anti-CD3/anti-CD28. Data from 3–8 donors were calculated to derive the 
IC50 values. *IC50 value was calculated from one donor only. 
Abbreviations: IC50, half maximal inhibitory concentration; IFN-γ, interferon gamma; IL, interleukin; PBMC, peripheral blood mononuclear cell.
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Figure 3 Nintedanib decreases T-cell clustering. (A) Images were taken using an IncuCyte ZOOM live imager of highly purified T cells from healthy donors after 48 hours of 
activation with αCD3/αCD28, αIL-4, αIFN-γ and IL-2 and pretreated with or without nintedanib at 10, 30 and 100 nM. Scale bar (0–200 µm). (B) The number of clusters per 
square millimeter is shown for n=5–18 time-lapse videos over 48 hours of n=4–6 donors. Data presented as mean ± standard error of mean, *P<0.05. 
Abbreviations: IFN-γ, interferon gamma; IL, interleukin.
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Indeed, the stimulation with recombinant IFN-γ and IL-4 pre-
vented the increase in the number of Th17-like cells in cells 
pretreated with nintedanib (Figure 6). These data indicate that 

the activity of nintedanib to inhibit IFN-γ and IL-4, as shown in 
Table 2, drives the differentiation of T cells to Th17 cells, but 
without stimulating IL-17 release.

Figure 4 Increased Th17-like polarized CD4+ T-cell number after pretreatment with nintedanib. Flow cytometry analyses of CD4+ T cells in CD3+ T-cell culture from 
healthy donors pretreated for 20 min with or without nintedanib at 10, 30 and 100 nM and stimulated for 24 hours with αCD3/αCD28, αIL-4, αIFN-γ and IL-2. (A) FACS dot 
plots show one representative experiment of CD4+ gated, IL-17+ cells. (B) Percentage and (C) absolute counts of the total CD4+/IL-17+ T cells in total CD3+ T-cell culture 
(n=4–6). (D) IL-17A in the cell culture supernatant was determined by ELISA. Bars represent mean values ± standard deviation, *P<0.05. 
Abbreviations: ELISA, enzyme-linked immunosorbent assay; FACS, fluorescence-activated cell sorting; IFN-γ, interferon gamma; IL, interleukin; SSC, side-scatter.

Drug Design, Development and Therapy 2021:15                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1005

Dovepress                                                                                                                                                           Ubieta et al

http://www.dovepress.com
http://www.dovepress.com


Discussion
Nintedanib Elicits Immunomodulatory 
Effects That Dampen T-Cell Activity
Historically, the role of T cells in pulmonary fibrosis has 
been controversial, especially with regard to subsets of 
CD4+ T cells, which possess both profibrotic and 

antifibrotic activities in pulmonary fibrosis.36 Lck is 
required for the activation of mature T cells through the 
TCR and is also possibly required for survival.27,28,37 In 
T cells, Lck activity is enhanced by Y394 phosphorylation, 
which promotes T-cell activation.38 In our assays, pretreat-
ment with nintedanib blocked the activation of T cells 

Figure 5 Decreased intracellular levels of IFN-γ and IL-4 in cells pretreated with nintedanib and stimulated with Th17 stimuli. Flow cytometry analyses of CD4+ T cells in 
CD3+ T-cell culture from healthy donors pretreated for 20 min with or without nintedanib at 10, 30 and 100 nM and stimulated for 24 hours with αCD3/αCD28, αIL-4, 
αIFN-γ and IL-2. (A) FACS dot plots show one representative experiment of CD4+ gated, IFN-γ+ and IL-4+ T cells. (B) Percentage of the total CD4+/IFN-γ+ T cells and (C) 
CD4+/IL-4+ T cells in total CD3+ T-cell culture (n=4–6). Bars represent mean values ± standard deviation, *P<0.05. 
Abbreviations: FACS, fluorescence-activated cell sorting; IFN-γ, interferon gamma; IL, interleukin.
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(stimulated by anti-CD3/anti-CD28) through the inhibition 
of Lck-Y394 phosphorylation in a concentration- 
dependent manner, which was similar to a previous 
report.15 Because cluster formation of T cells is considered 
a hallmark of T-cell activation,39–41 the inhibition of T-cell 

activation was evidenced by reduced cluster formation in 
T cells exposed to nintedanib at concentrations in the range 
of the exposure in patients treated with 150 mg twice 
daily, leading to maximum plasma concentration at steady 
state of 39–74 nmol/L.33,42,43 Interestingly, T-cell 

Figure 6 Excess IL-4 and IFN-γ prevent the increase of Th17-like cells induced by nintedanib. Flow cytometry analyses of CD4+ T cells in CD3+ T-cell culture from healthy 
donors pretreated for 20 min with or without nintedanib at 10, 30 and 100 nM and stimulated for 24 hours with αCD3/αCD28, rhIL-4, with (rescued) or without 
(unrescued) rhIFN-γ and IL-2. (A) FACS dot plots show one representative experiment of CD4+ gated, IL-17+ cells. (B) Percentage and (C) total number of CD4+IL-17+ 
T cells in total CD3+ T-cell culture (n=4-6). Bars represent mean values ± standard deviation, *P<0.05. + = unrescued, R = rescued. 
Abbreviations: FACS, fluorescence-activated cell sorting; IFN-γ, interferon gamma; IL, interleukin; rh, recombinant human; SSC, side-scatter.
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proliferation was not altered upon nintedanib treatment. 
A decrease in T-cell clustering without altered T-cell pro-
liferation has been described before by Zumwalde et al.34 

As CD28-mediated T-cell activation leads to the produc-
tion of various cytokines and chemokines in the lungs,44 

inhibiting TCR cluster formation is one of the immuno-
modulatory effects of nintedanib identified in our study.

We also determined the inhibitory potency of ninteda-
nib in stimulated T-cell subsets on IFN-γ, IL-2, IL-4, IL-5, 
IL-10, IL-12p70 and IL-13. Reduced T-cell activation 
subsequently led to a reduced release of mediators. 
Nintedanib was able to inhibit the release of all mediators 
tested in PBMCs, and also in CD3+ PAN-T cells, with the 
exception of IL-12p70 when stimulated with only anti- 
CD3. Similarly, in stimulated CD4+ and CD8+ T cells, 
IL-2 release was inhibited with nintedanib. By downregu-
lating T-cell-secreted mediators, it can be assumed that the 
cellular interactions between T cells and fibroblasts are 
modulated. Reducing secretion of several detrimental 
mediators may elicit a clinical benefit in the fibrotic milieu 
of ILDs.

There are contradicting views as to whether CD4+ and 
CD8+ T-cell subsets contribute to fibrosis. Some studies 
have demonstrated a reduction in the intensity of lung 
fibrosis after neutralizing these T-cell subsets,45,46 whereas 
others have failed to improve the extent of lung fibrosis.47 

This may be attributable to the degree of T-cell depletion 
achieved.1 Nonetheless, in our experiments, nintedanib 
had no effect on the numbers of CD4+ and CD8+ 
T cells. Altogether, nintedanib attenuates the activity of 
different T-cell subsets and reduces the release of IFN-γ, 
IL-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13 without 
affecting total T-cell numbers.

Nintedanib Elevated the Numbers of 
Th17-Like Cells without Promoting IL-17 
Release
Due to the reduced cluster formation, we wanted to eval-
uate whether there were differences in the numbers of 
T-cell subsets upon nintedanib pretreatment. There was 
an increase in the number of Th17-like cells upon ninte-
danib treatment, which was also concentration-dependent, 
but numbers of Th1- and Th2-like cells were not affected.

In our assays, nintedanib appeared to drive the differ-
entiation of T cells into Th17 cells through the inhibition 
of IFN-γ and IL-4. For patients with IPF, where levels of 
both Th17 and natural killer cells are reduced compared 

with controls,48 this may explain some of the clinical 
efficacy of nintedanib in IPF, and potentially in ILD as 
well. In contrast, an increase in Th17 cells (which shift the 
balance of the Th17:Treg cell ratio) has been demonstrated 
in autoimmune diseases, like RA, contributing to its 
pathology.35 Interestingly, the increase in Th17-like cells 
was not associated with an increase in the production of 
IL-17A. This could be reassuring, as IL-17 can induce 
fibroblast proliferation and collagen secretion,49 although 
its role in IPF in humans is not well understood. The role 
of Th17 cells and IL-17 in SSc is even more controversial 
(reviewed in Chizzolini et al50). Long-term studies of 
T cells cultured under Th17 stimuli and in the presence 
of nintedanib to fully differentiate T cells into Th17 are 
necessary to confirm this result. Studies to investigate 
whether or not nintedanib modulates the secretion of IL- 
17 after long-term exposure will be needed as well. 
Currently, we assume that the increase of Th17-like cells 
without increased IL-17A production will not affect the 
anti-inflammatory and antifibrotic activity of nintedanib 
and will have no major impact on the clinical efficacy.

Effects of Nintedanib on T Cells and Its 
Potential in Treating (Pulmonary) Fibrosis
There has been an increasing interest in the role of T cells 
in pulmonary fibrosis, due to their capacity to secrete 
profibrotic mediators.36 In our study, nintedanib inhibited 
the release of IFN-γ, IL-2, IL-4, IL-5, IL-10, IL-12p70 and 
IL-13, which may elicit a clinical benefit in pulmonary 
fibrosis in ILDs.

IL-2 has been shown to bind to lung fibroblasts, and 
addition of IL-2 to fibroblast cultures led to enhanced 
expression of the JE gene coding for the monocyte che-
moattractant protein-1.51 IL-2 is also capable of inducing 
fibroblast proliferation.52 Hence, IL-2 may integrate 
monocytes and fibroblasts into a coordinated response. 
IL-4 and IL-13 have been shown to directly act on lung 
fibroblast to induce a fibrogenic response53 and to sustain 
the profibrotic effect of macrophages.54 IL-13 is also 
known to regulate fibroblast activation.55,56 IL-5-stimu-
lated eosinophil-conditioned medium drives fibroblasts to 
produce several novel pro-inflammatory and pro- 
remodeling mediators.57

However, IFN-γ, which is also downregulated by nin-
tedanib, exhibits potent antifibrotic activity by suppressing 
collagen synthesis in fibroblasts and by promoting the 
activation of inflammatory M1 macrophages that support 
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ECM degradation (reviewed in Wynn55). IL-10 has been 
shown to attenuate the inhibitory effects of IFN-γ on lung 
fibroblasts.58 In summary, an effect of the reduced media-
tor levels on the fibrotic response seems likely.

Interestingly, nintedanib did not influence the percen-
tage and cell numbers of various T-cell subsets, including 
CD4+, CD8+, Th1, Th2, and Treg.

Preclinical studies have also shown that nintedanib 
interferes with essential fibrotic processes, including fibro-
blast proliferation and migration; fibroblast-to- 
myofibroblast transformation; ECM secretion and 
deposition;21,22 and induction of apoptosis.15

Furthermore, nintedanib has consistently been shown 
to slow the annual rate of decline in lung function across 
a range of fibrosing ILDs, including SSc-ILD,19 IPF18 and 
other fibrosing ILDs with a progressive phenotype.20 

Consequently, nintedanib has been approved for the treat-
ment of IPF in more than 70 countries, and more recently 
for the treatment of SSc-ILD in the US, Europe and Japan 
and for chronic fibrosing ILDs with a progressive pheno-
type in the US.

However, not all T-cell-targeted treatments have 
demonstrated clinical benefits in fibrosing diseases. 
Abatacept, a fusion protein that inhibits T-cell co- 
stimulation-associated inflammation in autoimmune dis-
eases, recently failed to demonstrate improvements in 
skin fibrosis in patients with diffuse cutaneous SSc.59

This study may have some limitations. For example, 
PBMCs and T cells in this study were derived from the 
blood of healthy donors and artificially stimulated to 
mimic activation. However, in patients with fibrotic ILDs 
like IPF, SSc-ILD, RA-ILD or cHP, T cells might have 
different features, and the milieu in fibrotic lungs might 
elicit a gain of function, which is not reflected in our 
experimental settings. The purity of isolated T cells was 
80–90%, and we cannot exclude the possibility that some 
observed effects may be due to other cell populations. 
Additional experiments are warranted, with prolonged 
drug exposure and to confirm the current results in cells 
derived from patients with fibrotic ILDs.

Conclusion
Nintedanib elicits immunomodulatory effects that dam-
pen T-cell activity by reducing the secretion of mediators 
capable of modulating the inflammatory and fibrotic 
response. Reducing secretion of these mediators may 
elicit a clinical benefit in fibrosing ILDs. These results 
support the clinical findings that nintedanib can slow 

disease progression in several ILDs and provide insight 
into the mechanism of fibrotic diseases where there is 
a strong T-cell involvement.
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