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Abstract: This perspective discussed the available evidence
on the involvement of mTOR pathway in antiphospholipid
syndrome (APS), from the aspects of endothelial cells,
platelets, monocytes and anti-phospholipid antibodies (PLs),
which may lead to future therapeutic applications of mTOR
inhibition in APS.
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Mammalian target of rapamycin (mTOR) is essential
for regulating cellular metabolism and controlling cell
proliferation. The mTOR enzyme has two complexes, mTOR
complex (mTORC) 1 and mTORC2, with downstream target as
phosphorylation of S6 ribosomal protein (S6RP) and Akt
(phosphorylation at Ser473), respectively [1]. The mTOR
pathway is regulated by metabolic cues, mainly glucose and
amino acids, as well as by growth factors. Glucose and amino
acids act through surface receptors, such as glucose trans-
porter type 1 or type 4. Growth factor triggers PI3K-Akt axis
and downstream mTOR activation (Figure 1) [1].

The antiphospholipid syndrome (APS) is a systemic
autoimmune disease defined by thrombotic or obstetrical
events that occur in patients with persistent anti-
phospholipid antibodies (aPLs) [2]. The involvement of
mTOR pathway activation in APS was firstly described in
2014. However, nearly a decade has passed, the role of
mTOR in pathogenic mechanisms of APS is not fully
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elucidated. In this perspective, we will discuss the available
evidence on the involvement of mTOR pathway in APS,
from the aspects of endothelial cells, platelets, monocytes
and aPLs, which may lead to future therapeutic applica-
tions of mTOR inhibition in APS.

Endothelial cells

In an in vitro model, IgG isolated from APS women
with both pregnancy morbidity and vascular thrombosis
was observed to be able to activate the mTOR and
autophagic pathways in human umbilical vein endothelial
cells [3]. In addition to thrombotic and pregnancy com-
plications, aPL-positive patients can develop microvas-
cular manifestations, such as livedo and nephropathy.
mTOR pathway was firstly reported to be involved in the
development of endothelial dysfunction and proliferation
in aPL-associated nephropathy [4]. Further study also
found increased mTOR activity in livedoid lesions of
aPL-positive patients, more significant in the lower basal
layers of epidermis [5]. It seemed that both mTORC1 and
mTORC2 were activated in these microvascular diseases.
The favorable therapeutic effect of mTOR1 pathway inhi-
bition by using rapamycin in APS related microangiopathy
had been reported in the retrospective study and case
reports [4, 6, 7].

Platelets

Platelets might play a pivotal role in both inflammation and
thrombosis of APS. Thrombocytopenia is quite common in
APS and is also identified as an independent risk factor for
thrombotic events [8]. A vitro study had shown that inhibition
of mTORC1 could prevent Fcy-receptor Ila-mediated platelet
activation by anti-p2-glycoprotein I antibody [9]. A more
recent study indicated that mTORC2/Akt pathway was also
involved in the activation of platelet [10]. Moreover, our pilot
study had shown promising effectiveness and safety of
rapamycin monotherapy in the treatment of thrombocyto-
penia in patients with APS [11].
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Figure 1: The involvement of mTOR pathway in the pathogenesis of APS.
GLUT1, glucose transporter type 1; GLUT4, glucose transporter type 4; p,
phosphorylation; PI3K, phosphatidylinositide 3-kinase; S6RP: ribosomal
protein S6 kinase; mTORC1, mTOR complex 1; mTORC2, mTOR complex 2;
TF, tissue factor. This figure was generated by Figdraw.

Monocytes

Monocytes are the main source of circulating tissue factor,
which is the main initiator of thrombosis [12]. Xia et al.
had found that aPL/antigen complex could dramatically
induce mTOR activation as well as expression of tissue
factor and IL-8 in monocytes. The mTOR inhibitor rapa-
mycin could attenuate the elevated expression of tissue
factor and IL-8 [13].

Antiphospholipid antibodies (aPLs)

aPLs are pathogenic antibodies in APS and systemic lupus
erythematosus (SLE). It has been showed that mTORCI-
dependent mitochondrial dysfunction contributes to the
generation of aPL in liver, and the process was blocked by
rapamycin in lupus-prone mice [14]. In further human
studies, diminished aPLs were also found in rapamycin
treated APS or SLE patients [11, 15].

Conclusions

In conclusion, aPLs might induce a proliferative and hy-
percoagulable state by activation of mTOR pathway in
endothelial cells, platelets, and monocytes. The limited
effect of antithrombotic therapy in patients with vascul-
opathy and the benefit of immunosuppressive treatment
for thrombocytopenia associated with APS highlight the

DE GRUYTER

need for comprehensive understanding of the pathogen-
esis of APS. The therapeutic application of mTOR inhibi-
tion is promising and needs to be explored in the future in
APS. To be noted that several other signaling pathways
(e.g. NFkb, p38 MAPK) besides mTOR have also been
reported to be involved in the pathogenesis of APS, as
well as other systemic autoimmune diseases [16-18],
which deserves more attention.
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