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Abstract

Background: Cardiovascular disease (CVD) is one of the principal causes of mortality in the world. Various factors have 
been identified in the pathogenesis of CVD. Leukemia inhibitory factor (LIF) as a secretory cytokine is one of these factors. 
The LIF receptor is located on endothelial cells and plays a role in the expression of specific genes in these cells. Endothelial 
cells are the innermost cells of blood vessels, and defects in these cells cause endothelial dysfunction and eventually CVD. 

Methods: The present study is based on PubMed database information (1982–2022) using the following words: 
“cardiovascular disease,” “endothelial cells,” “leukemia inhibitory factor,” and “angiogenesis.”

Results: LIF can cause arteriosclerotic plaques by activating inflammatory mechanisms in monocytes through the induction 
of intercellular adhesion molecule-1 and vascular cell adhesion molecule-1 expression. LIF can also induce vascular 
endothelial growth factor expression by activating signaling pathways, eventually leading to angiogenesis. Additionally, it 
can activate the coagulation cascade by factor VII production promotion within endothelial cells.

Conclusion: Understanding the interplay between LIF and the inflammation pathways, coagulation, and angiogenesis 
as key factors in CVD occurrence raises the possibility of targeting this factor as a potential strategy to mitigate CVD risk.

J Teh Univ Heart Ctr 2024;19(1):6-13

This paper should be cited as: Rezaeeyan H, Moghimian-Boroujeni B, Abdolalian M, Javan M. The Role of Leukemia Inhibitory 
Factor in Cardiovascular Disease: Signaling in Inflammation, Coagulation, and Angiogenesis. J Teh Univ Heart Ctr 2024;19(1):6-13.

Keywords: Cardiovascular disease; Endothelial cells; Leukemia inhibitory factor; Angiogenesis

Introduction 

Cardiovascular disease (CVD) is one of the leading 
causes of death worldwide. The CVD mortality rate is 31% 

in the United States per year.1 Coronary heart disease was 
the leading cause of CVD death (42.6%)  in the United 
States in 2017.2 CVD is considered a multifactorial disease; 
however, its principal pathogenesis is unknown. Risk factors 
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such as high blood pressure, high blood cholesterol, and 
diabetes contribute to CVD development significantly.3,4 In 
addition to acquired factors, genetic factors are also crucial 
to the incidence of CVD.5,6

While many genetic factors causing CVD remain unclear, 
there are several genetic mutations and abnormalities in the 
cell cycle of heart cells that trigger inflammatory responses, 
vascular endothelium abnormalities, and defects in the heart 
structure, finally leading to CVD.7 Furthermore, mutations 
in transcription factors are considered associated factors of 
cardiac development.8 Endothelial cells (ECs) are essential 
to blood flow regulation in the arteries. The disorder of 
these cells is commonly regarded as a CVD predictor.9

Leukemia inhibitory factor (LIF) is a secretory cytokine. 
It belongs to the interleukin-6 family (IL-6) and plays a 
critical role in numerous biological processes, including 
inflammatory response, nervous system development, 
embryonic development, and cancer progression, through 
its influence on various signaling factors.10, 11 The LIF 
receptor is located on non-blood cells, such as ECs, and the 
surface of blood cells. 

Since LIF secretion induces EC-specific gene expression, 
including vascular endothelial-cadherin, fetal liver kinase-1, 
and cluster of differentiation-31, LIF has a functional role 
in ECs.12, 13 In view of the weighty role of these cells in 
CVD development, we studied the role of LIF in inducing 
various pathways such as inflammation, coagulation, and 
angiogenesis, which are among the central pathways in 
CVD development.

Association between LIF and endothelial function

The inner surface of the arteries is covered by ECs, 
which communicate directly with blood and its components 
through the luminal membrane.14 There are several types 
of ECs, including tip, stalk, and phalanx cells.15 These 
cells communicate with other ECs through intercellular 
connections, such as tight junctions, adhesive junctions, 
and gap junctions. Adhesive junction proteins are vital in 
intercellular binding and the maintenance of tight junction 
structures. In addition, tight junctions regulate cellular 
mechanisms, such as proliferation, differentiation, and 
apoptosis, within the cell.16

ECs are considered metabolically active cells. Although 
the best pathway for energy production in these cells 
is oxidative phosphorylation, the core route of energy 
production in these cells is the glycolysis pathway because 
of their small number of mitochondria.17 ECs are regularly 
involved in homeostasis and innate immunity processes. 
One of the salient functions of these cells is their role in 
innate immunity by expressing toll-like receptors. ECs can 
also be effective in the coagulation process by expressing 
propagation factors, such as Von Willebrand factor and 
tissue factor.18 Furthermore, many factors like shear stress 

can affect many EC genes through transcription factor 
activation and microRNA stabilization. Although these cells 
reduce vascular blood flow owing to shear stress, the stress 
can modify their morphology and activity.19 Therefore, 
defects in ECs have been suggested as a CVD risk factor.20 
After defects occur, cytokines and adhesion molecules are 
produced, causing inflammatory conditions in the arteries. 
ECs are crucial to such diseases as hypertension and 
atherosclerosis.21 Various factors, including reactive oxygen 
species (ROS) and atherosclerotic plaques, can cause EC 
dysfunction. Indeed, atherosclerosis is a complex process 
and is one of the leading causes of CVD pathophysiology,22 
a process where different cells like ECs and macrophages 
play roles.23  Defects in ECs form atherosclerotic plaques 
owing to the accumulation of lipids and inflammatory 
cells.24,25 Inflammatory stimuli and abnormal lipid 
metabolism can activate ECs, leading to adhesion molecule 
expressions. The expression of adhesion molecules causes 
the recruitment of immune cells, including monocytes, to the 
vessel wall. Monocytes are transformed into macrophages, 
and by absorbing atherogenic products, they turn into foam 
cells. This is a pathological process resulting in vascular 
inflammation and atherosclerosis.26

LIF can activate various signaling pathways, 
including Janus kinase/signal transducer and activator 
of transcription (JAK/STAT), mitogen-activated protein 
kinase (MAPK), and phosphoinositide 3-kinase (PI3K).27 
IL-6 family cytokines, such as LIF, affect ECs through 
superfamily class I receptors. They impact ECs via the 
glycoprotein-130–LIF receptor complex. After binding to 
the complex, LIF activates JAK and heterodimerizes this 
complex. The heterodimerization of the glycoprotein-130–
LIF receptor complex induces STAT phosphorylation.27 
STAT-3 is involved in the pathogenesis of some diseases, 
including heart failure, hypertrophy, and atherosclerosis.28 
In patients with CVD, activation of the JAK-2/STAT-3/
IL-6 signaling pathway in ECs induces adhesive molecule 
gene expressions, such as vascular cell adhesion molecule-1 
(VCAM-1) and intercellular adhesion molecule-1 (ICAM-
1).29 The expression of the cited genes promotes monocyte 
migration and attachment to the endothelium. STAT-3 can 
also phosphorylate Ras homolog family member A (RhoA), 
an important factor for microfilament and microtubule 
rearrangement inhibiting the phosphorylation of endothelial 
nitric oxide synthase (eNOS). Subsequently, the function of 
matrix metalloproteinase-9 (MMP-9) is inhibited, and more 
mononuclear cells are recalled by VCAM-1 and ICAM-
1 proteins. Eventually, the atherosclerotic plaque will be 
stabilized.30 STAT-3 can also activate Rho/ Rho-associated 
protein kinase (Rock) by activating Rho, inhibiting the 
expression of vascular endothelial cadherin (VE-cadherin) 
and separating tight junctions.31 STAT-3 phosphorylation 
can be regulated by several mechanisms, including the 
inhibitory role of T-cell protein tyrosine phosphatase (TC-
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PTP) and suppressor of cytokine signaling-3 (SOCS-3).32 
In addition to the JAK/STAT pathway, SOCS-3 can inhibit 
the MAPK pathway.33 Since JAK-2/STAT-5 and LIF can 
activate the PI3K/protein kinase B (Akt) and JAK/STAT 
pathways, respectively, it can be hypothesized that LIF 
could activate the PI3K/Akt pathway indirectly and cause 
cardiomyocyte proliferation. Considering the role of LIF 
in activating the PI3K signaling and proving the inhibitory 
role of the PI3K pathway in the MAPK pathway, LIF can 
be considered an inhibitor for the MAPK pathway.34,35  
Since MAPK can on the one hand inhibit the JAK/STAT 
pathway and on the other hand activate the MAPK pathway, 
it is hypothesized that LIF can be deemed an inhibitory 
factor for the JAK/STAT pathway.35 Although IL-6 can  
activate Rho by acting on angiotensin-II and nuclear factor 
κ-light-chain enhancer of activated B cells (NFκB), it can 
also stimulate the production of ROS mediators, which 
in turn can generally induce the expression of VCAM-1, 
monocyte chemoattractant protein-1 (MCP-1), and IL-6 
genes.36 MCP-1 can invoke monocytes to transform into 
macrophages, capable of binding to oxidized low-density 
lipoprotein. Therefore, macrophages can oxidize foam 
cells owing to oxidized low-density lipoprotein and then 
induce ROS production because they are the source of 
tumor necrosis factor-α (TNF-α) and IL-8 secretion. TNF-α 
is secreted in this pathway, and due to the role of this 
cytokine in Rho activation, this protein can be mentioned 
as another activator of the NFκB pathway.36 Although the 
NFκB pathway is effective in promoting pro-inflammatory 
conditions, some factors like nuclear factor of κ light 
polypeptide gene enhancer in B-cells inhibitor-α (IκB-α) are 
effective in inhibiting this factor.36 However, some studies 
have suggested that angiotensin-2 may inhibit LIF-mediated 
STAT-3 through angiotensin-1 receptor in cardiomyocytes 

by acting on angiotensin-1. Following Rho activation, this 
protein can also activate the NFκB pathway by activating 
Rac via a reduction in ROS levels.37, 38 The role of LIF 
in activating the cyclic adenosine 3′,5′-monophosphate 
(cAMP) signaling pathway has been demonstrated, with 
recent studies having suggested the inhibitory role of cAMP 
for NFκB. Hence, LIF can be mentioned as an NFκB pathway 
inhibitor.27,39 In general, the role of IL-6 differs in acute 
and chronic inflammation. In acute inflammation, it helps 
to protect the heart, while during chronic inflammation, it 
plays a significant role in cardiac remodeling.40 Considering 
the remodeling role of IL-6 in the chronic inflammation 
of LIF, it can stimulate the expression of brain natriuretic 
peptide (BNP) and atrial natriuretic peptide (ANP) genes 
by affecting the LIF receptor, leading to cardiac remodeling 
in chronic inflammation in ECs. Different pathways can 
activate NFκB signaling, which can be attributed to the 
effect of Rho. These pathways can also be inhibited by 
various molecules such as Ras homolog family member

 H (RHOH).41,42 Targeting any of these pathways can 
be effective in controlling inflammatory conditions, and 
reducing leukocyte accumulation in the inflammation site 
can reduce the inflammatory state in ECs (Table 1 & Figure 
1).

Association between LIF and angiogenesis 

Angiogenesis is the process of the germination of new 
blood vessels from previous arteries. New blood vessel 
formation is necessary for many physiological processes, 
such as cardiovascular maturation, tissue repair, and 
regeneration.30 LIF upregulates genes such as vascular 
endothelial growth factor (VEGF), Wnt family member 
5A (Wnt5a), B-cell lymphoma-extra large (Bcl-xL), and 

Table 1. A summary of the factors involved in endothelial dysfunction.

Factor Mechanism Effect on the Function or Structure of ECs Potential Therapeutic 
Property Ref.

TNF-α
It activates the AGE product/receptor 
of the AGE (RAGE) and (NFκB) 
signaling path-way.

It induces the activation of NAD(P)H 
oxidase and the production of reac-tive 
oxidative species

TNF-α can induce the 
secretion of LIF. (71, 72)

POMC It inhibits the ET-converting enzyme 
in ECs.

It induces migration and tube-forming 
capability of ECs.

LIF can stimulate
POMC expression. (73, 74)

Endothelial YAP-1
YAP expression can cause 
cardiomyocyte regeneration through 
IGF1 and Akt signaling.

It induces microRNA-152, which is 
effective in proliferation. YAP-1 induces LIF. (75, 76)

TGF-β It activates the ALK-5 and Smad-2/3 
path-ways.

It increases the production of H2O2 and 
reduces cellular glutathione stores in ECs.

Transforming growth 
factor β1 induces leukemia 
inhibitory factor expression.

(77, 78)

SOCS-3

SOCS-3 may protect endothelium by 
inhibit-ing
IL‐6/STAT-3 signaling.

It inhibits the effect of Ang-II and induces 
endothelial dysfunction.

SOCS-3 modulates leukemia 
inhibitory factor signaling. (79, 80)

LIF, Leukemia inhibitory factor; AGE, Advanced glycation end; AGER, Receptor of AGE; NFkB, Nuclear factor-kB; TNF-α, Tumor necrosis factorα; 
POMC, Proopiomelanocortin; YAP, Yes-associated protein; IGF, Insulin-like growth factor; TGF-β, Transforming growth factor-beta; SOCS-3, Suppressor 
of cytokine signaling-3
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manganese superoxide dismutase (Mn-SOD) by affecting 
glycoprotein-130 and subsequently activating the signaling 
pathways STAT and extracellular signal-regulated kinases 
1/2 (ERK-1/ERK-2).12 VEGF is a potent stimulant of 
angiogenesis because it promotes the proliferation of ECs 
and the formation of new blood vessels.43 Regulation 
of ECs in tip and stalk cells is the principal stimulus for 
angiogenesis.44 Tip cell differentiation is dependent on 2 
primary pathways: VEGF and Notch.45 VEGF receptor 
is present on the surface of tip cells; after VEGF-receptor 
binding, this receptor complex causes Delta-like4 (DII4) 
expression. DII4 can inhibit VEGF receptor expression and 
germination in stalk cells by activating the Notch pathway. 
The Notch signaling pathway can also activate the Wnt 
pathway, involved in the tight junction process during 
angiogenesis.46 Although the VEGF factor can activate 
PI3K by the VEGF receptor pathway directly, it can activate 
the PI3K pathway through RAS indirectly. This pathway 
stimulates NO production by inducing eNOS, leading 
to angiogenesis. Increased NO production can increase 
VEGF expression via HIF-1 expression enhancement.47 In 
cardiac cells, prolonged phosphorylation of Akt induces the 
angiogenesis of the heart and maintains its contractility.48 
Elevated NO production can also augment b-FGF expression, 
which is effective in angiogenesis.49 LIF can also stimulate 
the expression of pro-angiogenic genes, such as IL-8, MCP-
1, and angiopoietin.50 Additionally, MCP-1 cytokine can 
modulate vascular formation and regulate cadherin-12 and 
cadherin-19 expression by inducing monocyte chemotactic 
protein-induced protein (MCPIP).51 Although LIF can play 
its role through the expression of the genes involved in 
the angiogenesis process, it can inhibit the angiogenesis 

process.52 LIF is secreted from ventricular myocytes in such 
pathological conditions as hypertrophied heart and failing 
heart and via intracellular signaling mechanisms. LIF  also 
possesses antiangiogenic effects, defining a dual function 
for LIF53, 54 (Figure 1). 

Association between LIF, inflammation, and 
coagulation

In healthy individuals, an increase in pro-inflammatory 
markers leads to a CVD increment.54,55 The immune system 
can alter the coagulation system through mechanisms like 
the synthesis and activation of coagulant proteins, reduction 
of anticoagulant synthesis, and fibrinolysis inhibition.56 
The MAPK and PI3K pathways and protein kinase C can 
be induced by cytokines and growth factors. Moreover, 
they act as mediators in the tissue factor expression within 
ECs, muscles, and vascular cells.57 LIF can also enhance 
the expression level of the tissue factor by inducing 
glycoprotein-13058 and catalyzing the conversion of 
prothrombin to thrombin in the presence of factors Va and 
Ca. The occurrence of these events leads to fibrin formation, 
platelet activation, and finally, thrombus occurrence.59 In 
addition to the direct role of LIF in tissue factor production, 
VEGF can induce tissue factor production by activating the 
P38 and ERK pathways indirectly.60 The tissue factor is not 
only effective in coagulation processes but also activates 
immune cells and develops inflammation. Neutrophils 
inactivate the tissue factor pathway inhibitor by secreting 
elastase and protease, increasing coagulation. LIF acts as 
an anti-inflammatory factor, so it can reduce inflammation 
by targeting glycoprotein-130 and ILF receptor expression. 

Figure 1. Leukemia inhibitory factor (LIF) can induce cardiovascular disease (CVD) by binding to the LIF receptor. The attachment induces angiogenic 
pathways, inflammation, and coagulation. LIF can stimulate vascular endothelial (VE)-cadherin expression by activating the signal transducer and activator 
of transcription (STAT) pathway and inducing Ras homolog family member A (RhoA protein). It affects CVD. This factor can also be mediated if vascular 
endothelial growth factor (VEGF), B-cell lymphoma-extra large (Bcl-xL), Wnt family member 5A (WnT5a), manganese superoxide dismutase (Mn-SOD), 
monocyte chemoattractant protein-1 (MCP-1), interleukin-8 (IL-8), and angiopoietin activate the angiogenesis mechanism, inducing angiogenesis in the 
heart muscle. The LIF factor can also affect the system by the following proteins: tissue factor, urokinase-type plasminogen activator (UPA), and fibrinogen.



10

The Journal of Tehran University Heart Center

J Teh Univ Heart Ctr 19 (1) http://jthc.tums.ac.irJanuary, 2024

Hadi Rezaeeyan et al. 

In addition, LIF inhibits nerve growth factor and IL-
1β production during inflammation.61 It exerts its anti-
inflammatory properties by targeting macrophages. The 
infiltration of neutrophilic granulocytes is reduced in the early 
phase of the disease in the presence of LIF. Subsequently, 
this cytokine can reduce the molecular level of chemokine 
(C-X-C motif) ligand-1 (CXCL-1) in the later phase of the 
disease, causing macrophage infiltration, which occurs 
through C-C motif chemokine ligand-2 (CCL-2), (CCL-3), 
and CXCL-10 at the molecular level.62  After the formation of 
an acute phase reaction, LIF can be produced by active cells 
of the immune system during inflammation. The produced 
LIF can modulate the coagulation and fibrinolytic systems, 
which in turn leads to coagulopathy. Furthermore, LIF can 
affect the coagulation system by increasing the production 
of proteins like hepatic urokinase plasminogen activator and 
fibrinogen. Increased fibrinogen in arteriosclerotic plaques 
causes platelet aggregation. Therefore, plasma fibrinogen is 
considered an effective agent for coronary heart disease.63 
Alpha-thrombin is another protein in the coagulation 
system that is activated during the coagulation cascade. It 
affects ECs and lymphocytes. These coagulation proteins 
are significant in inflammatory processes by binding 
leukocytes to ECs. Alpha-thrombin can also be involved 
in the production of IL-6 and IL-1 by macrophages and 
ECs. It can inhibit the STAT pathway by binding to the 
protease-activated receptor-1 (PAR-1) thrombin receptor 
using LIF.64 According to the STAT signaling role in the LIF 
induction in the heart and the high expression of PAR-1 on 
cardiomyocytes, it can be hypothesized that thrombin could 
be an inhibitory factor for LIF function. LIF can also produce 
MCP-1, which plays a major role in diapedesis, monocyte, 

and arteriosclerotic plaque formation.65 MCP-1 can act as a 
double-edged sword because it plays a prominent protective 
role in CVD by preventing endoplasmic reticulum (ER) 
stress, and prolonged exposure to this factor can cause heart 
failure.66 If thrombin levels increase during the coagulation 
process, it can activate platelets and form fibrin clots through 
the PAR signaling pathway. This process not only involves 
the invocation and activation of monocytes, neutrophils, 
and platelets but also contains the induction of EC-mediated 
leukocyte adhesion, the release of pro-inflammatory 
cytokines, and complement activation. Factor VIIa and 
tissue factor complexes produce inflammatory cytokines 
and chemokines through the PAR signaling pathway.67,68 
Since LIF can be released from cardiomyocytes in CVD, it 
can activate coagulation proteins by inducing inflammatory 
mechanisms in addition to inflammation, followed by 
the induction of coagulation. These factors are generally 
effective in the CVD pathogenesis (Figure 1). 

Association between LIF and microRNAs 
MicroRNAs (miRNAs) are small noncoding RNA 

molecules involved in gene expression regulation. Further, 
miRNAs are transcribed by RNA polymerases II and III 
and generate precursors that eventually produce mature 
miRNAs after performing certain processes.69 Changes in 
the normal function of ECs have been proven as a result of 
the pathogenesis of various diseases, such as atherosclerosis, 
inflammatory diseases, and hypertension. Impaired vascular 
function disrupts several events, increasing the leukocyte 
count by activating ECs. Considering the roles of miRNAs 
and LIF in EC function and expression, identifying the 
relevant pathways can help prevent CVD in the future by 
reducing the incidence of EC dysfunction.70 CVD and its 

Table 2. Involved miRNAs in endothelial dysfunction

MiRNA Disease Target Inflamma-tion/
Oxidative Stress Mechanism Effect on LIF Ref

MicroRNA-223-3p AMI NLRP-3 Anti-inflammatory Reducing the secretion of IL-1β Suppressing LIF 
expression (70, 81)

MicroRNA-146a MI
Target   

IRAK1 & 
TRAF-6

Anti-inflammatory
Attenuating NFκB activation and 

inflammatory cytokine production by 
suppressing IRAK-1 and TRAF-6

Inhibiting the 
expression of LIF (82, 83)

MicroRNA-21 MI KBTBD-7 
gene Anti-inflammatory

Promoting the activation of p38 and 
NFκB signaling by interacting with 

MKK3/6

LIF induces the 
expression of 

microRNA-21 (miR-
21).

(84, 85)

MicroRNA-125a Atherosclero-sis ET-1 Anti-inflammatory Suppressing oxLDL and inducing 
ET-1 expression

MicroRNA 125a 
can induce the LIF 

receptor.
(86, 87)

MicoRNA-146a Atherosclero-sis NOX-4 Anti-Inflammation Inhibiting the activation of TLR4-
dependent signaling pathway

Inhibit the  expression 
of LIF (82, 88)

MicroRNA-141 Atherosclero-sis PAPP-A Inflammation Inhibiting the vascular smooth muscle 
cell proliferation

LIF can induce 
the production of 
microRNA-21.

(89, 90)

AMI, Acute myocardial infarction; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; MI, Myocardial infarction; IRAK1, Interleukin-1 receptor-
associated kinase 1; TRAF-6, TNF receptor-associated factor-6; NFκB, Nuclear factor-kB; ET-1, Endothelin-1; oxLDL, Oxidized LDL; TLR-4, Toll-like 
receptor-4; PAPP-A, pregnancy-associated plasma protein-A
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relationship with LIF are explained in Table 2 and Figure 1. 

Conclusion

In recent years, due to the increase in the incidence of 
CVD, many studies have focused on the causes of CVD. 
Activation of various signaling pathways within ECs 
through LIF has highlighted the role of this factor in EC 
dysfunction. The widespread role of LIF is known in 
different processes, including angiogenesis, inflammation, 
and coagulation, which are crucial mechanisms in CVD 
development. Due to the role of LIF in inducing the 
mentioned mechanisms, targeting this factor could reduce 
CVD incidence. Additional studies in this area may pave the 
way for using this factor to mitigate CVD. 
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