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Summary

Chronic thromboembolic pulmonary hypertension (CTEPH) is one of the main reasons of 
severe pulmonary hypertension and has significantly higher morbidity and mortality rates. 
The pathogenesis of the disease is characterized by the incomplete resolution of acute 
embolisms. The elevated inflammatory conditions after the acute embolism are one of the 
critical factors. Therefore, we aimed to investigate whether or not anakinra is an option for 
treating CTEPH in an animal model.

We studied twenty-one rats in this study They were randomly divided into three groups con-
taining seven animals: the control group: saline-treated control; the embolism group: CTEPH 
+ normal saline; the anakinra group: CTEPH + anakinra.

We have observed that the layers of the segmental arteries and the alveolar were normal in 
the control group. In the cardiac tissue it was observed that muscular tissues and connective 
tissue were normal in the right ventricle. In embolism group, we detected a widening of the 
alveolar septum, a surrounding the alveolar infiltrates and a thickening of the segmental arter-
ies in the muscular layer and a hypertrophy in the right ventricle tissues. We have determined 
that the lung and cardiac tissue specimens in the anakinra group are similar to control group.

We have showed that anakinra was useful option for the CTEPH model in rats. Anakinra may be 
considered as protective effect and the regression of the increased inflammation in CTEPH. The 
effectiveness of anakinra will continue to be subject to the further experimental and clinical studies.
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ment [12]. Previously, in patients with pulmonary arterial 
hypertension, it has been reported that serum levels of 
interleukin (IL) 1beta were increased and correlated with 
a worse outcome, and anakinra (IL-1 beta receptor antag-
onist) has been shown beneficial in the treatment of pul-
monary hypertension in a patient with Adult-Onset Still’s 
Disease (AOSD) [8, 27]; however, the efficacy of the IL-1 
beta receptor antagonist (anakinra) on CTEPH remains 
unknown [7]. Our aim is to evaluate the effectiveness of 
anakinra on an experimental rat model of CTEPH.

 MATERIAL AND METHODS

Experimental Design

We studied twenty-one rats in this study. They were two-
-month-old males weighing 200–300 gr. The rats were 
obtained from the Dokuz Eylul University Clinical Experi-
mental Animals Multi-Disciplinary Laboratory. The animals 
were given standard rat chow food and water ad libitum. All 
animals were caged at 18°C to 20°C in 65% to 70% relative 
humidity and on a 12h light-dark cycle. All experimental 
procedures complied with the requirements of the Animal 
Care and Ethics Committee of the Dokuz Eylul University 
(03/15/2017, protocol no: 05/2017) before the experiments. 
All participants were certified for the care and use of lab-
oratory animals. Following a week adaptation period, the 
animals were weighed and allocated into three groups; con-
trol, embolism and anakinra groups (total 21, n = 7/group). 
No deaths were encountered during the study. 

The rat model of CTEPH was modified from those previ-
ously described [23]. The animals were anesthetized with 
an intraperitoneal application of ketamine/xylazine (40 
mg/kg+5 mg/kg). To generate an embolism, 2 ml of blood 
was collected from the tail veins of each animals. After 
keeping the blood samples in a petri dish for 1 day in 370C, 
15 thromboses/petri dishes were generated (dimensions 
of thromboses: 1x3 mm). Fifteen thromboses were placed 
into a serum physiologic solution.

In the control group, the rats were injected with an 
intraperitoneal serum physiologic solution through 

INTRODUCTION

Chronic thromboembolic pulmonary hypertension 
(CTEPH) is a life-threatening result of acute pulmon
ary embolism. Although the incidence of CTEPH after 
pulmonary embolism is very low, there is a high risk 
of morbidity or mortality [11, 25]. Without treatment 
or complete resolution of acute pulmonary embolism, 
the pulmonary arteries become clogged with progress
ive organized fibrotic materials that cause pulmonary 
artery hypertension and progressive right heart fail-
ure and death [3]. Although the mechanisms related to 
the incomplete resolution of acute embolisms and pro-
gression of CTEPH are not yet fully understood, several 
responsible mechanisms are considered.

CTEPH is correlated with the high prevalence of inflamma-
tory conditions and inflammatory diseases [6]. After the 
embolism appears, the physiologic response to a throm-
bus is organized by leukocyte migration into the embolic 
area through fibrinolysis and angiogenesis [18]. It has been 
shown that inflammatory cells (e.g. CD45+) increased in 
the area of an incomplete embolism, and collagen-secret-
ing cells were found in the vascular walls of patients with 
CTEPH [33]. In addition, it has been reported that tumor 
necrosis factor-alfa, monocyte chemoattractant protein 
(MCP)-1 and C-reactive protein levels platelet EC adhesion 
molecule 1 (PECAM-1) are increased in that area [18, 25]. 
A significant positive correlation between MCP-1 and pul-
monary vascular resistance is certain [25]. Zabini et al. [34] 
reported high levels of inflammatory factors in the pulmo-
nary thromboendarterectomy materials and serums. Bon-
derman et al. [4] showed the relationship between delayed 
thrombosis resolution and staphylococcus infections. 

Pulmonary thromboendarterectomy is a curative sur-
gical choice for the treatment of CTEPH [11]. However, 
there is limited access to surgical centers, experienced 
staff and equipment, even if the patient can undergo the 
operation [24]. Though many medical treatment alter-
natives have been utilized for inoperable patients, it 
has been proven that only the soluble guanylate cyclase 
stimulator, known as riociguat, is beneficial in the treat-
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formalin for 48 h and subsequently embedded into the 
paraffin. The paraffin blocks were placed into a rotary 
microtome (RM 2255, Leica, Germany). Sections of 5 µm 
thickness were obtained. After deparaffinization and 
rehydration, all sections were stained with hematoxy-
lin-eosin (H-E) and Masson’s trichrome stain. 

Masson’s Trichrome Stain: Lung and cardiac tissues 
were deparaffinized and rehydrated with 100% alco-
hol, 95% alcohol 70% alcohol, respectively. The tissues 
were rinsed under running tap water for 5–10 min-
utes to remove the yellowish color. The tissues were 
stained with Wiegert’s iron hematoxylin working solu-
tion for 10 minutes. After washing, the tissues were 
stained with Biebrich scarlet-acid fuchsin solution for 
10–15 minutes. The sections were washed in distilled 
water again and differentiated in phosphomolybdic-
phosphotungstic acid solution for 10-15 minutes. The 
tissues were transferred into the aniline blue solution 
for 5–10 minutes. After rinsing, they were differen-
tiated in 1% acetic acid solution for 2–5minutes. The 
tissues were dehydrated using the increasing alcohol 
series. They were mounted with the help of a mounting 
medium (Nova Ultra Special Stain Kits). 

All sections from cardiac and lung tissues were evalu-
ated by the same pathologist, blinded from groups. 

Statistical Analysis

All analyses were performed using SPSS 16.0 for Win-
dows (v16.0, SPSS Inc., Chicago, Illinois). The data was 
expressed as categorical classification based on the func-
tional classification of World Health Organization (WHO-
-FC), unless otherwise stated. Fisher’s Exact test and 
McNemar’s test were used to classify the groups before 
and after the experiments separately. P <0.05 was con-
sidered as statistically significant.

the tail veins on day 0 and 14 of the experiment. In the 
embolism group, 15 thromboses in 2 ml physiologic 
saline solutions were injected through the tail veins on 
day 0 and 14 of the experiment. Additionally, physiolo
gic saline solution was applied intraperitoneally all days, 
expect on day 0 and 14. In anakinra group, 15 throm-
boses in 2 ml physiologic saline solutions were injected 
through the tail veins on day 0 and 14 of the experiment, 
as was the case in the embolism group. Additionally, 
anakinra (10 mg/kg/day) [16] was applied intraperito-
neally on all days, expect on day 0 and 14. In the control 
group, an intraperitoneal serum physiologic solution 
was injected to rats through the tail veins at the ini-
tiation of the experiment and on day 14 of the exper-
iment. In the embolism group, 15 thromboses in 2 ml 
physiologic saline solutions were injected through the 
tail veins at the beginning of the study and on day 14 of 
the experiment. Additionally, physiologic saline solution 
was applied intraperitoneally on all days, expect at the 
initiation of the experiment and on day 14. In the ana
kinra group, 15 thromboses in 2 ml physiologic saline 
solutions were injected through the tail veins at initia-
tion of the experiment and on day 14 of the experiment 
like in the embolism group. Additionally, anakinra (10 
mg/kg/day) [16] was applied intraperitoneally all days 
expect the beginning of the study and on day 14.

The injection of thrombus was well-tolerated in this 
study. Cyanosis and shortness of breath developed in 
rats and disappeared after a short time. Additionally, the 
flow rate was measured (0.5 ml/min). The experiment 
ended day 28. The rats were sacrificed after four weeks, 
and the lung and cardiac tissue samples were harvested.

Histological Analysis

After the tissues were harvested from the animals, the 
lung and cardiac tissues were fixed in a 10% buffered 

Table 1. The evaluation of symptoms of all animals is made according to WHO-FC

 
Groups

Control Embolism Anakinra p

Before Experiments

Class 1 7(100) 7(100) 7(100)

N/A
Class 2 0(0) 0(0) 0(0)

Class 3 0(0) 0(0) 0(0)

Class 4 0(0) 0(0) 0(0)

After Experiments

Class 1 7(100) 2(28.57) 6(85.71)

0.017
Class 2 0(0) 0(0) 0(0)

Class 3 0(0) 4(57.14) 1(14.29)

Class 4 0(0) 1(100) 0(0)

Fisher’s Exact test is used. WHO-FC = World Health Organization functional class.
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pathologist, blinded from groups. Changes in histological 
findings between groups were listed in Table 2. 

In sections of the embolism group, thickening of the seg-
mental arteries muscular layer, atrophy of endothelial 
structure, hypertrophy in the right ventricular tissue, and 
an increase in the interstitial tissue samples were reported 
in all animals (p <0.01). The light microscopic examina-
tions of the control lung sections revealed that the alveolar 
structures and segmental arterial layers were intact and 
not disrupted (Fig. 1A). Additionally, the muscular and con-
nective tissue structures were intact and not disrupted in 
the evaluation of the right ventricular sections of the heart 
(Fig. 2A, B). The specimens of both lung and cardiac tissue 
in the anakinra group yielded similar findings as those in 
the control group (Fig. 1C, 2E, 2F).

However, the light microscopic examinations of the 
embolism group sections revealed that the alveo-
lar septum was widened in the lung sections due to 
the increase in the interstitial tissue and widespread 

RESULTS

We evaluated all the animals according to WHO-FC for 
pulmonary hypertension symptoms both at the initi-
ation of the experiments and at day 28. In all groups, 
none of the animals showed any symptoms related to 
WHO-FC at the beginning of the experiments. 

At the beginning of the study, all the animals were 
accepted as Class-I. In the control group, none of the 
animals had pulmonary hypertension symptoms at the 
end of day 28. Additionally, all the control animals were 
accepted class-I at the end of the experiment. In the 
embolism group, 4 rats of 7 were classified as class-3, one 
of them classified as class-4 and the others were classi-
fied as class-1. In the anakinra group, only 1 rat of 7 was 
classified as class-3 while the others were classified as 
class-1 at the end of experiments (Table 1).

After harvesting the tissues and preparing the sections,  
a gross light microscopy evaluation was made by one same 

Table 2. Comparison of percentile of all animals is made according to WHO-FC

Class 1
Before Experiment After Experiment

Class 2 Class 3 Class 4 Class 1 Class 2 Class 3 Class 4

Control 7(100) 0(0) 0(0) 0(0) 7(100) 0(0) 0(0) 0(0)

Embolism 7(100) 0(0) 0(0) 0(0) 2(28.57) 0(0) 4(57.14) 1(14.29)

Anakinra 7(100) 0(0) 0(0) 0(0) 6(85.71) 0(0) 1(14.29) 0(0)

McNemar test is used.

Fig. 1. The H&E staining of the lung is shown as following; a: Alveolus; the black arrow: the thickened alveolar septum; the star: mononuclear leukocytes infiltration; the yellow 
arrow: Hypertrophic segmental arteries; the tip of the blue arrow: segmental arterial branches of a normal structure; the tip of the yellow arrow: irregular segmental arterial branches
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Zabini et al.  [34] and Mercier et al.  [22] have demon-
strated the critical role of many inflammatory cytokines 
in the formation of obstructive structures in the pulmo-
nary arteries of CTEPH and reported the high levels of 
growth factors (fibroblast growth factor 2) and inflamma-
tory cytokines (IL 1 beta, IL 6, monocyte chemoattractant 
protein 1), and cell adhesion molecules in CTEPH [22, 34]. 
They also showed the effects of these factors on the devel-
opment of CTEPH [22, 34]. 

IL-1 is a pro-inflammatory cytokine that has wide range 
of effects on metabolism and such mechanisms as pain 
sensitivity and tissue damage. The stress exposure of 
cell triggers a deployment of inflammasomes, which 
are molecular platforms that lead to caspase-1 activa-
tion. These signals are essential for the activation of 
IL 1-beta [26]. It has been shown that chronic inflam-
mation leads to cystic fibrosis and lung fibrosis in the 
animal models and the indication of treatment with IL-1 
receptor antagonists was revealed [7, 16]. There is con-
siderable clinical evidence and studies suggesting that 
the blockade of IL-1 decreases the severity of diseases 
and reverses inflammation related loss of organ function 
in autoinflammatory syndromes [10]. Thus, blockade of 
IL-1 can be an opportunity for the treatment of those 
auto-inflammatory syndromes. Anakinra is an approved 
recombinant form of IL-1 receptor antagonist and a new 
treatment option for a wide range of diseases associ-
ated with inflammatory conditions, such as rheumatoid 
arthritis [1], familial Mediterranean fever [2], and dia-
betes [20]; however, the usage of anakinra is not limited 
with those diseases. The effectiveness of anakinra has 
been described in the case of pulmonary arterial hyper-
tension [8] as well as in a series of AOSD patients [26].  
Elevated IL-1 beta serum levels in PAH correlate with 
worse outcomes [27]. However, to our knowledge, there 

polymorph nuclear leukocytes infiltration; the mus-
cular layer of the segmental arteries were thickened, 
endothelial cell structure were atrophic (Figure 1B); 
the right ventricular tissue was hypertrophic; inflam-
matory cells were infiltrated and the connective tissue 
fibrils were increased (Fig. 2C, 2D).

DISCUSSION

In this study, we have assessed the effect of anakinra 
on CTEPH model in rats. The animals were evaluated 
at the beginning and the end of experiment accord-
ing to WHO-FC for pulmonary hypertension. After 
the experiments, the lung and cardiac tissues of the 
rats were collected and analyzed histologically among 
groups for the purpose of evaluating the effects of 
anakinra on the tissue level. The findings in tissue 
evaluation and symptoms of embolism in embolism 
group were significantly different than those in the 
control and anakinra groups. Additionally, we have 
shown that histological parameters were decreased in 
the anakinra group compared to those of the embo-
lism group. There are only a few studies performed on 
animal models (dog and porcine) for CTEPH. In these 
models, prepared thromboses are directly applied 
through pulmonary arteries in animals in order to 
incite an embolism, so that the CTEPH model can pro-
gress in animals [9, 15]. Li et al. [21] has used an animal 
model in which 15 thromboses (each measuring 1x3 
mm) were injected through the jugular veins of rats to 
mimic embolism conditions. They also reported that 
the rats showed cyanosis and shortness of breath after 
the application [21]. We developed an animal model 
with CTEPH by inducing of 15 thromboses. Our results 
confirmed the presence of the model with showing 
WHO-FC class 3 to 4 individuals in embolism group. 

Fig. 2. The Masson’s trichrome staining of cardiac tissue is shown as following: the star: polymorph nuclear leukocytes infiltration; the black arrow: fiber increase in 
connective tissue; H&E: Hematoxylin & Eosin stain; MT: Masson’s trichrome stain
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an oral cyclic guanosine monophosphate stimulator, 
riociguat was applied to patients with non-operable 
CTEPH or persistent/recurrent pulmonary hyperten-
sion after a pulmonary endarterectomy. Riociguat was 
observed to be useful via enhanced 39 meters the 6-min-
ute walking test. A CTEPH team, which included at least 
one experienced surgeon, has recommended riociguat 
for the treatment of symptomatic patients with inoper-
able CTEPH or with persistent or recurrent CTEPH after 
surgical treatment [13]. 

The pathogenesis of CTEPH has not yet been fully under-
stood. Despite this fact, its relation to venous throm-
boembolism raises the following question: Is CTEPH a 
disorder of misguided vascular remodeling after pulmo-
nary thromboembolism? In some cases, genetic factors 
can play a significant role leading to a larger throm-
bus (non-O- blood groups, rare thrombophilia, dysfi-
brinogenemia) in combination with elevated factor 
VIII and platelet activation [16]. Recently, these factors 
should take into consideration about disease phatogen-
esis. These conditions suppress the two key pathways: 
thrombosis angiogenesis and innate immune cell func-
tion. It is not clear whether similar mechanisms contrib-
ute to secondary pulmonary arteriopathy. Alleviating 
the major vessel obstruction in CTEPH can provide an 
understanding of the mechanisms of regression of sec-
ondary pulmonary arteriopathy and can lead to new 
treatment objectives. 

CONCLUSION

We have showed that anakinra was a useful option for 
the CTEPH model in rats. Anakinra may be considered 
to have a protective effect and can contribute to the 
regression of the increased inflammation in CTEPH. The 
effectiveness of anakinra will continue to be subject to 
the further experimental and clinical studies.

are not any studies about the use of anakinra in Group 4 
pulmonary artery hypertension or CTEPH. In our study, 
we aimed to investigate whether or not anakinra is an 
option for the treatment of CTEPH in an animal model. 

CTEPH is an intimal disease of organized thrombus and 
vascular remodeling, with progressive intimal thick-
ening (collagenous, inflammatory, atherosclerotic, 
hemosiderosis and calcific) resulting in right ventricu-
lar pressure overload and remodeling with ultimately 
decompensation, right ventricle failure and death [19]. 
Normally, acute pulmonary embolisms resolve within 
6 months. However, in 0.1-3.8 % of cases, the transi-
tion of thrombosis to a fibrous tissue leads to pulmo-
nary hypertension [3]. Other risk factors for chronic 
pulmonary thromboembolism are elevated Factor VIII, 
antiphospholipid antibody, lupus anticoagulants, sple-
nectomy and cancer [5, 6, 32]. In addition, ventricular-
atrial (VA) shunts, which are used in the treatment of 
hydrocephaly, may result in CTEPH. In some cases there 
are no risk factors for venous thromboembolism, and 
there may be a relationship between vascular remode-
ling and staphylococcal infections [4]. In addition to the 
up-regulation of transforming growth factors and IL-1 
beta, the staphylococcal infections can lead to a delay 
in thrombosis resolution [28]. 

For a period of 16 weeks, the dual endothelin antagonist, 
bosentan was evaluated in 157 patients with inoperable 
CTEPH or persistent/recurrent pulmonary hypertension 
after a pulmonary endarterectomy [17]. This study indic
ated that the decrease in pulmonary vascular resistance 
and increase in the 6-minute walking capacity could not 
reach the ultimate goal [17]. However, in the MERIT-1 
study, patients with inoperable CTEPH were treated with 
another endothelin receptor antagonist (macitentan), 
and macitentan significantly improved pulmonary vas-
cular resistance [14]. In addition, for a 16-week period, 
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