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Abstract: Background: Elevated prolactin level is associated with an increased risk of coronary artery disease (CAD),
probably through promoting vascular inflammation and thrombosis. This study investigated whether prolactin ex-
acerbates atherothrombosis by regulating endothelial dysfunction and platelet activation and further explored the
underlying mechanisms. Methods: A co-culture model of human umbilical vein endothelial cells (HUVECs) and
platelets was employed to simulate the vascular interface. The effects of prolactin, alone or in combination with a
protein kinase C (PKC) inhibitor or aspirin (a thromboxane A2 [TXA2] pathway inhibitor) were assessed. Endothelial
activation was assessed by measuring proliferation, the expression of adhesion molecules vascular cell adhesion
molecule 1 (VCAM-1) and intercellular cell adhesion molecule 1 (ICAM-1), and the production of inflammatory cyto-
kines interleukin (IL)-6 and IL-1p in HUVECSs. Platelet function was analyzed by measuring CD61 expression, surface
levels of P-selectin and CD40L, and the release of platelet microparticles (PMPs). Results: Prolactin significantly
enhanced endothelial proliferation and the expression of adhesion molecules and inflammatory cytokines. Concur-
rently, it enhanced platelet aggregation and increased the surface expression of activation markers (P-selectin,
CD40L) and pro-thrombotic PMPs. These effects were mediated through the PKC pathway, as they were markedly
reversed by PKC inhibition. Prolactin partially restored endothelial and platelet activation even in the presence
of aspirin, indicating an additional role for the TXA2 pathway. Conclusion: Prolactin coordinately exacerbates en-
dothelial dysfunction and platelet activation through PKC and TXA2 pathway activation. These findings identify a
dual-pathway mechanism by which prolactin may promote a pro-thrombotic state, contributing to the pathogenesis
of atherothrombosis in CAD.
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Introduction

Coronary artery disease (CAD) remains a lead-
ing cause of mortality worldwide [1]. Epide-
miologic data indicates that the disease is
prevalent in both rural and urban areas, with its
incidence demonstrating a progressive annual
increase [2]. Atherosclerosis constitutes the
fundamental pathologic basis of CAD [3]. Dur-
ing atherosclerosis, vascular endothelial dys-
function and abnormal platelet activation rep-
resent two central and interconnected process-
es that mutually reinforce each other [4]. Dys-
functional endothelial cells adopt a pro-inflam-
matory and pro-thrombotic phenotype, which

not only facilitates the recruitment and adhe-
sion of circulating monocytes but also enhanc-
es their interaction with platelets [5]. Subse-
quently, the activated platelets release inflam-
matory mediators that further exacerbate endo-
thelial injury, forming a vicious cycle [6]. This
cascade promotes atherosclerotic plaque pro-
gression and instability, thereby increasing the
risk of thrombotic events. Therefore, elucidat-
ing the molecular mechanisms underlying this
endothelial-platelet crosstalk is of substantial
clinical importance.

Beyond traditional metabolic risk factors such
as hypertension and dyslipidemia [7], emerging
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evidence suggests that neuroendocrine hor-
mones may play significant roles in CAD [8].
Prolactin is a pleiotropic pituitary hormone pri-
marily involved in lactation [9]. Studies indicate
that prolactin is associated with endothelial
dysfunction mediated by vascular inflammation
[10, 11]. However, its vascular effects of prolac-
tin remain complex and sometimes controver-
sial. On one hand, prolactin has been reported
to induce the expression of inflammatory cyto-
kines and adhesion molecules in endothelial
cells, promoting leukocyte infiltration and con-
tributing to early atherogenesis [12]. On the
other hand, prolactin has been implicated in
modulating platelet activation and enhancing
platelet adhesion and aggregation [13, 14].
Nevertheless, the precise mechanisms and
their connection with endothelial dysfunction
remain unclear. These seemingly contradictory
effects suggest that prolactin may regulate the
functions of both endothelial cells and platelets
through distinct downstream signaling path-
ways, thereby synergistically promoting athero-
thrombosis.

At the signaling level, protein kinase C (PKC)
and thromboxane A2 (TXA2) are two critical
mediators of vascular inflammation, vasomotor
regulation, and platelet activation [15, 16]. The
PKC-0 isoform has been implicated in regulat-
ing inflammatory responses and endothelial
function in atherosclerosis [17]. Aberrant PKC
activation can cause vascular dysfunction,
leading to the development of CAD [18]. Fur-
thermore, TXA2 promotes vasoconstriction and
platelet aggregation by activation of the throm-
boxane prostanoid receptor, representing a
classic target of antiplatelet agents such as
aspirin [19]. Although previous studies have
preliminary associated prolactin with endothe-
lial inflammation and platelet activation, direct
evidence demonstrating whether and how pro-
lactin coordinately exacerbates endothelial-
platelet interactions through the PKC and TXA2
signaling remains lacking. This constitutes a
significant gap in current knowledge.

We therefore hypothesized that pathologically
elevated levels of prolactin may concurrently
activate the PKC and TXA2 signaling pathways
in both endothelial cells and platelets. This dual
activation induces a pro-inflammatory and pro-
adhesive phenotypic shift in endothelial cells
while simultaneously enhancing platelet activa-
tion and aggregation capacity. Collectively, the-
se effects establish a pro-thrombotic microen-
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vironment, possibly accelerating CAD progres-
sion. To test this hypothesis, a co-culture sys-
tem of human umbilical vein endothelial cells
(HUVECSs) and platelets was employed to model
the vascular endothelial-platelet interface. By
exogenously adding prolactin, combined with a
specific PKC inhibitor or a TXA2 pathway inhibi-
tor (aspirin), this study systematically evaluated
the effects of prolactin on endothelial cell via-
bility, activation status, inflammatory cytokine
secretion, as well as on platelet aggregation,
the expression of activation markers, and plate-
let microparticle release. This study aimed to
elucidate the specific mechanisms, particularly
those involving PKC and TXA2, by which prolac-
tin coordinately drives endothelial dysfunction
and platelet hyperactivity. Our findings are ex-
pected to provide the direct experimental evi-
dence that prolactin functions as a dual-target-
ing modulator of the endothelial-platelet axis,
thereby revealing a novel integrative mecha-
nism of atherothrombosis in CAD.

Materials and methods
Cell culture and treatment

HUVECs was purchased from Xiamen Yimo
Biotechnology Co., Ltd. Cells were cultured in
IM-H205-1 medium supplemented with L-glu-
tamine and 10% fetal bovine serum (FBS) in
T75 flasks, and maintained at 37°C in a humidi-
fied incubator with 5% CO, (CI-150C, Jet BIOFIL,
China).

Human platelets were isolated from peripheral
venous blood obtained from healthy adult vol-
unteers according to the established method
[20]. All donors provided written informed con-
sent prior to participation, and the study proto-
col was approved by the Ethics Committee of
Beijing Chest Hospital, Capital Medical Uni-
versity.

A co-culture system of HUVECs and platelets
was constructed to simulate the vascular endo-
thelial-platelet interface. To investigate the
effects of prolactin on the PKC pathway, the co-
culture system was assigned to the following
experimental groups: PV (co-culture of platelets
and HUVECs), PVA (co-culture system treated
with 10 uM adenosine diphosphate, ADP), PVAP
(co-culture system treated with 10 uM ADP and
100 mU/mL prolactin), PVAPP (co-culture sys-
tem treated with 10 yM ADP, 100 mU/mL pro-
lactin, and 1 uM PKC inhibitor), and PVAH (co-
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culture system treated with 10 uM ADP and
5000 mU/mL prolactin). To investigate involve-
ment of the TXA2 pathway, the following treat-
ment groups were established: PTVa (co-cul-
ture system treated with 10 yM TXA2 agonist
and 10 nM adrenaline o2A agonist), PTVaA (co-
culture system treated with 10 yM TXA2 ago-
nist, 10 nM adrenaline a2A agonist, and 100
UM aspirin), and PTVoAP (co-culture system
treated with 10 yM TXA2 agonist, 10 nM
adrenaline a2A agonist, 100 uM aspirin, and
100 mU/mL prolactin).

CCK-8 assay

HUVECs were seeded into 96-well plates
(1108 cells/well) and allowed to adhere over-
night. Following the application of the designat-
ed treatments, CCK-8 reagent (Dojindo, Japan)
was added to each well and incubated under
standard culture conditions for 2 hours. Subse-
quently, the absorbance was measured at 450
nm using a microplate reader (Bio-Rad, USA).

Flow cytometry

Platelet aggregation and platelet-derived parti-
cles were analyzed using flow cytometry with a
commercial reagent kit according to the manu-
facturer’s instructions. Briefly, after treatment,
platelet suspensions were collected, washed
with PBS, and centrifuged. The samples were
then resuspended in loading buffer and ana-
lyzed by flow cytometry. For size calibration,
standard microspheres were used according to
the manufacturer’s protocol.

Immunofluorescence

The fluorescence intensities of CD62P (P-se-
lectin) and CD40L were measured using a
fluorescence microscope (BZ-H4XD, Keyence,
Japan). For immunofluorescence staining, cells
were fixed with 4% paraformaldehyde for 15
min at room temperature. After washing with
PBS to remove residual fixative, cells were per-
meabilized with 0.1% Triton X-100 in PBS for 10
min. Following another wash, cells were blocked
with 5% normal goat serum for 1 h at room
temperature and incubated overnight at 4°C
with primary antibodies overnight. After thor-
ough washing, cells were incubated with fluo-
rescence-conjugated secondary antibodies
(1:200 dilution) for 1 h in the dark. Nuclei were
counterstained with DAPI (1 yg/mL) for 5 min.
Following a final wash, images were acquired
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using a fluorescence microscope (BZ-H4XD,
Keyence, Japan), and the fluorescence intensity
of P-selectin and CD40L was analyzed using
Image J software.

Enzyme-linked immunosorbent assay (ELISA)

Following designated treatments, the levels
of interleukin-6 (IL-6) and IL-1p in HUVEC cul-
ture supernatants were measured using com-
mercial human IL-6 (CB10373-Hu) and human
IL-1B (CB10347-Hu) ELISA kits (Shanghai K & E
Biotech, China), according to the manufactur-
ers’ instructions.

Reverse transcription quantitative polymerase
chain reaction (RT-gPCR)

Total RNA was extracted from cells using a
commercial RNA isolation kit. 1 ug of total RNA
was reverse-transcribed into complementary
DNA (cDNA) using PrimeScript™ RT Master Mix
(Takara, Dalian, China). Quantitative PCR was
performed using Power SYBR Green PCR Mas-
ter Mix (Takara, Dalian, China) on a QuantStu-
dio system. Primer sequences for amplification
were as follows: VCAM-1 (Forward 5-TCT GTG
AAT CCA TCC ACA AAG C-3’, Reverse 5-CAT GTC
AAC ATG ACT GAG TCT C-3’); ICAM-1 (Forward
5’-GCT TAT ACA CAA GAA CCA GAC C-3’, Reverse
5-TCG AGT GAC AGT CAC TGA TTC-3’); GAPDH
(Forward 5-GGA AAT CCC ATC ACC ATC TTC-3/,
Reverse 5-AGG TTT TTC TAG ACG GCA GG-3).
Relative gene expression levels were calculat-
ed using the 222¢t method, with GAPDH serving
as the endogenous reference gene.

Western blot analysis

Total cellular protein was extracted using RIPA
lysis buffer. Equal amounts of protein (30 ug
per lane) were separated by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and subsequently transferred onto
a polyvinylidene difluoride (PVDF) membrane.
The membrane was blocked with 5% skim milk
for 1 h at room temperature. After blocking, the
membrane was incubated with primary anti-
bodies overnight at 4°C and then secondary
antibody for 1 h. After further washing, protein
bands were visualized using an enhanced che-
miluminescence (ECL) substrate and imaged
with a chemiluminescence detection system.
Band intensities were quantified using ImageJ
software.
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Figure 1. Effects of prolactin and PKC inhibition on endothelial prolifera-
tion and platelet aggregation via the protein kinase C (PKC) pathway. The
co-culture system of human umbilical vein endothelial cells (HUVECs) and
platelets was constructed and subjected to the specified treatments: PV
(co-culture of platelets and HUVECs), PVA (PV + 10 yM adenosine diphos-
phate, ADP), PVAP (PVA + 100 mU/mL prolactin), PVAPP (PVAP + 1 uM PKC
inhibitor), and PVAH (PVA + 5000 mU/mL prolactin). A. The proliferation of
HUVECs was assessed by CCK-8 at O h, 24 h, and 48 h. B. The platelet ag-
gregation marker CD61 was analyzed using flow cytometry and the results
were quantified. Data are presented as mean * standard deviation (SD) (N

=3). **P < 0.04, ***P < 0.001.

Statistical analysis

Statistical analyses were conducted using
GraphPad Prism 9 software. Data from three
independent experiments were presented as
mean * standard deviation (SD). For compari-
sons among multiple groups, one-way analysis
of variance (ANOVA) was applied, followed by
Tukey’s post-hoc test. A two-sided P value <
0.05 was considered significant. The specific
levels of significance are indicated in the fig-
ures as *P < 0.05, **P < 0.01, and ***P <
0.001.

Results

Prolactin promoted endothelial proliferation
and platelet aggregation through the PKC
pathway

To investigate the role of prolactin in endotheli-
al-platelet interactions, we first examined its
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effects on endothelial prolifer-
ation and platelet aggregation
in a HUVEC-platelet co-culture
system with modulation of PKC
signaling. As shown in Figure
1A, stimulation of platelet agg-
regation agonist ADP (PVA gr-
oup) significantly promoted cell
proliferation compared to the

48h basal control (PV group). The
addition of prolactin (PVAP gr-
* % K oup) further potentiated this

effect. Importantly, this prolac-
tin-induced enhancement was
effectively reversed by a spe-
cific PKC inhibitor (PVAPP gr-
oup), suggesting PKC-depen-
dent signaling. Moreover, a
high concentration of prolactin
(PVAH group) elicited a more
pronounced increase in cell
proliferation than that obser-
ved in the PAVP group.
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Flow cytometry analysis of pla-
telet aggregation marker, inte-
grin CD61, showed that pro-
lactin significantly augmented
ADP-induced platelet aggrega-
tion (Figure 1B). This pro-aggre-
gatory effect of prolactin was
also abolished by PKC inhibi-
tion. Consistently, higher pro-
lactin concentrations further
increased CD61 expression,
indicating enhanced platelet aggregation. Coll-
ectively, these findings demonstrate that pro-
lactin simultaneously promotes endothelial
activation and platelet aggregation in a PKC-
dependent manner.

These results support the existence of a posi-
tive feedback loop in which prolactin-driven
endothelial proliferation facilitates platelet re-
cruitment and activation, while activated plate-
lets release mediators that further exacerbate
endothelial proliferation and dysfunction.

Prolactin upregulated platelet activation mark-
ers CD40L and P-selectin through the PKC
pathway

The expression of key platelet activation mark-
ers in the co-culture system was further ass-
essed using immunofluorescence. CD40 ligand
(CD40L) is a potent pro-inflammatory and im-
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mune-modulatory molecule expressed on acti-
vated platelet. P-selectin is a critical adhesion
molecule that facilitates platelet adhesion to
endothelial cells and leukocytes, driving inflam-
mation and thrombosis. Immunofluorescence
signals for both CD40L and P-selectin exhibited
a characteristic punctate, aggregate-like distri-
butions, identifying their primary cellular source
as the activated platelet clusters adhering to
the HUVEC monolayer (Figure 2). Quantitative
analysis revealed that ADP stimulation elevat-
ed the levels of both markers compared to the
baseline control. Prolactin treatment signifi-
cantly potentiated this increase in platelet
CD40L (Figure 2A) and P-selectin (Figure 2B).
The upregulation of both markers by prolactin
was effectively abolished by PKC inhibition.
Furthermore, the induction exhibited a clear
dose-dependent relationship, with higher pro-
lactin concentrations inducing higher levels of
CD40L and P-selectin on platelets.

Prolactin induced pro-adhesive endothelial
phenotype and promoted platelet micropar-
ticle release through the PKC pathway

A hallmark of endothelial dysfunction is the
increased expression of adhesion molecules,
which are essential for the adhesion and trans-
migration of monocytes into the vascular wall,
a critical event in atherothrombosis. RT-qPCR
analysis showed that ADP treatment signifi-
cantly increased the mRNA levels of vascular
cell adhesion molecule 1 (VCAM-1) and inter-
cellular cell adhesion molecule 1 (ICAM-1) in
HUVECs. Prolactin treatment significantly en-
hanced this effect (Figure 3A), whereas PKC
inhibition markedly reversed this prolactin-
induced effect. A dose-dependent relationship
was observed, with higher concentrations of
prolactin inducing greater expression of both
adhesion molecules.

Furthermore, the activated platelets release
platelet microparticles (PMPs), subcellular ves-
icles that are pro-thrombotic and pro-inflam-
matory, contributing to disease progression.
Prolactin treatment significantly increased ADP-
induced PMP release, and this effect was abol-
ished by PKC inhibition (Figure 3B). These re-
sults indicate that prolactin promotes a pro-
adhesive endothelial phenotype and enhances
the release of bioactive platelet-derived parti-
cles through PKC-dependent signaling.
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Prolactin upregulated inflammatory cytokine
production and PKC upstream signaling mol-
ecule PLCB in HUVECs

The effects of prolactin and PKC inhibition on
the levels of pro-atherogenic inflammatory
cytokine and PKC upstream signaling molecule
PLCPB were next explored in the HUVEC-platelet
co-culture system. As shown in Figure 4A, ADP
treatment significantly increased the produc-
tion of IL-6 and IL-1B. Prolactin treatment fur-
ther enhanced their production in a dose-de-
pendent manner, while PKC inhibition rever-
sed the effects of prolactin. Furthermore, PKC
upstream signaling molecule phospholipase C
beta (PLCB), an enzyme that generates second
messengers for PKC activation, were then ana-
lyzed. Prolactin treatment significantly increa-
sed PLCPB expression, which was reversed by
PKC inhibition (Figure 4B), suggesting prolactin
may enhance a positive feedback loop sustain-
ing PKC pathway activity.

Prolactin partially restored endothelial prolif-
eration and platelet aggregation through the
TXA2 pathway under aspirin treatment

To investigate whether prolactin modulates
platelet-endothelial interactions through the
TXA2 pathway, the HUVEC-platelet co-culture
system was treated with TXA2 agonist and
aspirin (@ TAX2 inhibitor) in the absence or
presence of prolactin. As expected, aspirin
treatment (PTVaA group) significantly reduced
both HUVEC proliferation and platelet integrin
CD61 expression compared with the TXA2-
activated control (PTVa group). However, the
addition of prolactin (PTV&AP group) partially
but significantly reversed the suppressive
effects of aspirin on both endothelial prolifera-
tion and platelet CD61 expression (Figure 5A,
5B).

Prolactin restored platelet P-Selectin expres-
sion through the TXA2 pathway under aspirin
treatment

Whether prolactin affects platelet activation
through the TXA2 pathway was further investi-
gated. Consistent with its known antiplatelet
effects, aspirin effectively reduced the expres-
sion of platelet adhesion molecule P-selectin
(Figure 6). Importantly, treatment with prolactin
significantly increased P-selectin levels even in
the presence of aspirin.
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Figure 2. Effects of prolactin and PKC inhibition on the expression of platelet activation marker CD40 Ligand (CD40L) and P-selectin by the PKC pathway. The co-
culture system of HUVECs and platelets was constructed and subjected to the specified treatments: PV (co-culture of platelets and HUVECs), PVA (PV + 10 uM ADP),
PVAP (PVA + 100 mU/mL prolactin), PVAPP (PVAP + 1 uM PKC inhibitor), and PVAH (PVA + 5000 mU/mL prolactin). The expression of (A) CD40L and (B) P-selectin
on platelets was assessed by immunofluorescence assay. Scale bar = 50 um. Data are presented as mean + SD (N = 3). *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3. Effects of prolactin and PKC inhibition on the expression of vascu-
lar cell adhesion molecule 1 (VCAM-1), intercellular cell adhesion molecule
1 (ICAM-1), and platelet microparticles (PMPs). The co-culture system of
HUVECs and platelets was constructed and subjected to the specified treat-
ments: PV (co-culture of platelets and HUVECs), PVA (PV + 10 uM ADP),
PVAP (PVA + 100 mU/mL prolactin), PVAPP (PVAP + 1 uM PKC inhibitor),
and PVAH (PVA + 5000 mU/mL prolactin). A. The mRNA levels of VCAM-
1 and ICAM-1 in HUVECs were quantified by RT-gPCR. B. The expression
of PMPs were analyzed by flow cytometry and mean fluorescence intensity
was quantified. Data are presented as mean + SD (N = 3). *P < 0.05, **P

<0.01, ***P < 0.001.

Discussion

This study elucidates a novel and coordinated
mechanism by which prolactin exacerbates
endothelial-platelet interactions, a process piv-
otal to atherothrombosis [21, 22]. Our findings
indicate that prolactin concurrently activates
both the PKC and TXA2 pathways, thereby pro-
moting a synergistic pro-thrombotic response.
This dual-pathway activation simultaneously
induces a pro-inflammatory and pro-adhesive
phenotype in endothelial cells while heighten-
ing platelet aggregation and the release of bio-
active microparticles, ultimately contributing to
thrombus formation in vivo [23]. Mechanisti-
cally, prolactin does not merely stimulate en-
dothelial proliferation but drives a dysfunc-
tional phenotype characterized by increased
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expression of adhesion mole-
cules and inflammatory me-
diators. Concurrently, prolactin
lowers the activation threshold
of platelets and enhances
their responsiveness, creating
a feed-forward loop that am-
plifies vascular inflammation
and thrombotic potential.
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] Q@ ) Prolactln—dr'wen ephangement
of endothelial proliferation and
platelet aggregation by the
PKC pathway establishes a
* Kk self-perpetuating cycle central

to atherosclerotic progression.
During atherosclerosis, endo-
thelial proliferation is asso-
ciated with an activated and
dysfunctional state, leading to
upregulated adhesion mole-
cules like VCAM-1 and ICAM-1,
which transforms the endothe-
lial lining into a receptive inter-
face for monocyte and platelet
adhesion [23, 24]. Recruited
monocytes subsequently mig-
rate into the subendothelial
space, driving plaque forma-
tion. Simultaneously, prolactin-
enhanced platelet activation
promotes the release inflam-
matory factors and PMPs,
which in turn aggravate endo-
thelial dysfunction and inflam-
mation, thereby accelerating
plaque progression and desta-
bilization [25]. These PMPs are bioactive vesi-
cles rich in pro-inflammatory and pro-coagulant
molecules that can directly activate endothelial
cells, recruit leukocytes, and provide a catalytic
surface for thrombin generation. Taken togeth-
er, prolactin-activated endothelium activation
promotes platelet recruitment, while activated
platelets release factors that further aggravate
endothelial dysfunction. This vicious cycle acc-
elerates plaque progression, inflammation, and
ultimately leads to plaque instability and rup-
ture.
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The central role of the PKC pathway is further
underscored by its mediation of these key
adhesive and inflammatory events. Our re-
sults confirm that prolactin mediates the PKC
pathway, leading to increased proliferation of
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Figure 4. Prolactin upregulated inflammatory cytokine production and PKC
upstream signaling molecule phospholipase C beta (PLCB) in HUVECs. The
co-culture system of HUVECs and platelets was constructed and subjected
to the specified treatments: PV (co-culture of platelets and HUVECs), PVA
(PV + 10 uM ADP), PVAP (PVA + 100 mU/mL prolactin), PVAPP (PVAP + 1
UM PKC inhibitor), and PVAH (PVA + 5000 mU/mL prolactin). A. The levels
of IL-6 and IL-13 were confirmed using enzyme-linked immunosorbent assay
(ELISA) kits in the culture supernatants of HUVECs. B. Western blot analysis
of PLCB expression in the treated HUVECs. Data are presented as mean *

SD (N =3). **P < 0.01, ***P < 0.001.

HUVECs and platelet activation, an effect that
is dose-dependent and reversible upon PKC
inhibition. As a key regulatory factor, PKC criti-
cally modulates vascular homeostasis by re-
gulating both platelets and endothelial cells,
affecting processes including cell activation
and adhesion [26-28]. Some key adhesion mol-
ecules play pivotal roles in endothelial-platelet
crosstalk. Among these, CD40L and P-selectin
are key mediators of thromboinflammatory
interactions [29, 30]. The central role of the
PKC pathway is further underscored by its
mediation of key adhesive events. Prolactin
upregulates CD40L and P-selectin on platelets
through the PKC pathway. CD40L is a potent
pro-inflammatory and immune-modulatory mol-
ecule expressed on endothelial cells and acti-
vated platelet [31]. P-selectin, upon exposure
on activated platelet surface facilitates leuko-
cyte tethering and adhesion to the vessel wall,
effectively promoting leukocyte recruitment
into developing plaques [32]. This prolactin-
mediated coordinated upregulation provides a
direct mechanistic explanation for the signifi-
cantly enhanced endothelial-platelet interac-
tion observed following prolactin stimulation.
Furthermore, PKC-dependent increase in in-
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flammatory cytokines (IL-6, IL-
1B) and pro-thrombotic PMPs
further solidifies therole of pro-
lactin in creating a localized
pro-atherogenic and pro-in-
flammatory microenvironment
[24, 25].

Our data further reveal a clini-
cally relevant role of the TXA2
pathway, which influences vas-
T cular function, platelet activa-

tion, and inflammatory pro-

cesses [33]. This pathway can
&K regulate vascular constriction
and platelet aggregation, trig-
gering various cardiovascular
and cerebrovascular diseases
[34]. Aspirin can significantly
reduce platelet activation lev-
els, which is frequently used in
antiplatelet therapy in clinic
[35]. Our results indicate that
prolactin can partially counter-
act the effects of aspirin and
restore platelet activation lev-
els. Prolactin restored endothelial cell prolifera-
tion and the expression of platelet aggregation
marker CD61L and platelet adhesion molecule
P-selectin even in the presence of aspirin.
These findings suggest that prolactin activates
complementary signaling routes, potentially
through the robust amplification of the PKC
pathway.

Despite these findings, several limitations
should be acknowledged. First, although the in
vitro co-culture model is instrumental for mech-
anistic dissection, it cannot replicate the full
systemic, hemodynamic, and neuroendocrine
complexity of in vivo disease. Critical factors
such as shear stress, circulating immune cells,
and hormonal feedback regulation are absent.
Future studies utilizing animal models of hyper-
prolactinemia (e.g., in ApoE”- mice) are neces-
sary to validate these pathophysiological inter-
actions in a living system. Second, while PKC
and TXA2 signaling were identified as key
pathways, the precise upstream receptors and
downstream molecular effectors remain incom-
pletely defined. Investigations into which spe-
cific prolactin receptor isoforms mediate these
effects, and the identification of specific PKC
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was assessed by CCK-8 at O h, 24 h, and 48 h. B. The platelet aggrega-
tion marker CD61 was analyzed using flow cytometry and the results were
quantified. Data were presented as mean + SD (N = 3). **P < 0.01, ***P
< 0.001.
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Figure 6. Prolactin partially reversed aspirin-induced suppression of plate-
let P-Selectin expression via the TXA2 pathway. The co-culture system of
HUVECs and platelets was constructed and subjected to the specified treat-
ments: PTVa (co-culture of platelets and HUVECs + 10 uM TXA2 agonist
+ 10 nM adrenaline a2A agonist), PTVaA (PTVa + 100 uM aspirin), and
PTVaAP (PTVaA + 100 mU/mL prolactin). The protein expression of P-selec-
tin was examined using western blot analysis. Data are presented as mean
+SD (N=3). **P<0.01, ***P < 0.001.

2222

isoforms would substantially
refine our understanding of
this signaling network. Fin-
ally, the clinical significance of
prolactin in CAD progression
needs to be assessed through
well-designed longitudinal co-
hort studies. Measuring pro-
lactin levels alongside markers
of endothelial function, plate-
let activity, and plaque imaging
in patients with CAD could clar-
ify its use as a prognostic bio-
marker or a therapeutic tar-
get.

Conclusion

Prolactin promotes a pro-thr-
ombotic state by concurrently
activating both the PKC and
TXA2 pathways. Specifically,
prolactin promotes a pro-in-
flammatory and adhesive phe-
notype in endothelial cells and
enhances platelet activation
and aggregation. These coordi-
nated effects may contribute
to the dysregulation of vascu-
lar homeostasis and elevate
atherothrombotic risk, thereby
contributing to the pathogene-
sis of CAD and possibly influ-
encing its clinical manage-
ment. Our work offers mecha-
nistic insight into the interplay
between prolactin and cardio-
vascular pathology, establish-
ing a basis for future investi-
gations to explore whether tar-
geting this axis has therapeu-
tic relevance in specific patient
populations.
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