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Abstract

Atherosclerotic cardiovascular disease, a leading cause of global mortality and morbidity, is driven by chronic
inflammation and metabolic dysregulation. The inhibition of monocyte-macrophage inflammatory responses is a
critical therapeutic strategy, as these cells play a central role in atherosclerosis progression. Glycolysis, a universal
metabolic pathway, is regulated by the bifunctional enzyme PFKFB3, which modulates intracellular levels of fructose-
2,6-bisphosphate (Fru-2,6-BP). Despite the potential of PFKFB3 inhibitors like 3PO in atherosclerosis treatment, their
mechanisms and therapeutic efficacy remain incompletely understood. This study investigates the role of PFKFB3
inhibition in atherosclerosis using ApoE”-/-* mice, highlighting its impact on monocyte-macrophage responses and
plaque formation. Our findings suggest that 3PO-mediated PFKFB3 inhibition attenuates atherosclerosis by reducing
inflammatory markers and vascular remodeling, offering a promising therapeutic avenue.
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Introduction

Atherosclerosis, a major contributor to global cardiovascular
morbidity and mortality, is characterized by chronic inflammation
and lipid accumulation within arterial walls [1]. Monocyte-derived
macrophages are pivotal in this process, driving plaque formation
through inflammatory cytokine release and foam cell generation [2-
4]. All organisms must go through the identical stage of glycolysis.
Macrophages are packed in atherosclerotic arteries and perform an
essential function in glycolysis. Glycolysis, a key metabolic pathway,
is upregulated in atherosclerotic lesions, with PFKFB3 emerging as a
critical regulator of glycolytic flux [5]. PFKFB3, a member of the PFKFB
family, enhances glycolysis by increasing intracellular Fru-2,6-BP
levels, thereby promoting cellular proliferation and survival [6]. Small-
molecule inhibitors of PFKFB3, such as 3PO, have shown promise in
preclinical models of cancer and cardiovascular diseases [7,15,16].
However, their role in atherosclerosis remains underexplored. This study
aims to elucidate the therapeutic potential of 3PO in atherosclerosis
by examining its effects on monocyte-macrophage responses, plaque
formation and vascular remodelling in ApoEA-/-A mice.

Materials and Methods
Mice

Male ApoEA-/-A mice (6-8 weeks old) were obtained from Collective
Pharmacoko, China. Mice were randomized into three groups: 1) 3PO-
treated; 2) high-cholesterol diet (HCD) model and 3) control (normal
diet). A blank control group of C57BL/6 mice was also included. The
3PO group received intravenous injections of 3PO (35 mg/kg, twice
weekly) for 16 weeks. Mice were housed in a Specific Pathogen-Free
(SPF) facility and all procedures were approved by the Institutional
Animal Care and Use Committee of Lanzhou University. During this
duration, the bedding was changed and the feed and drinking water
were replenished every 4-5 days. At the end of the 16-week period, the
mice were anesthetized with tribromoethanol, which is tertiary amyl
alcohol in 100% master mix which was diluted with salinel 1.25%.
Mice were anesthetized at 16 weeks by Tribromoethanol (tertiary amyl

alcohol 100% mother solution, Salinel dilution 1.25%) was applied to
produce deep sensory unresponsiveness. The mice's aorta was removed
from the carotid to the iliac arteries under an electron microscope for
the purpose to collect heart tissue, which then was preserved in 4% PFA
fixative for further investigation. The eyeballs were removed to obtain
plasma and centrifuged to obtain the upper layer of serum and stored
at -80°C.

Creations

Aortic tissues were harvested for histological staining (Oil Red
O, H&E and Masson’s trichrome) and Immunohistochemistry (IHC).
Serum lipid profiles (LDL-C, HDL-C, TG and TC) and inflammatory
markers (MCP-1, FKN and oxLDL) were quantified using ELISA.
Western blotting was performed to assess PFKFB3 expression.

Mice echocardiography

ApoE-/-Mice were anesthetized with the drug before the
examination; the anesthetic flow rate was adjusted to 2-3L/min based
on the mice's weight. Placed on a test plate, were given inhalation
anesthesia raised and then their pulses (between 300 and 370 bpm)
noted. The mice were mounted with their limbs pointing upward on
the the belly. The front of the mouse's chest and neck were hairless.
Then, the 30MHZ probe was picked, coated with the correct amount
of couplant and placed on the left side of the mouse's chest. The aortic
and descending aortic blood flow was tracked as the probe's position
and angle were changed. The chosen 30 MHZ probe was positioned
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with the correct quantity of coupler on the left side of the mouse chest.
The probe's position and angle were then altered to observe the aorta,
head and arm trunks, internal and external neck diameters of the left
and right, the aortic thickness and blood circulation in the ascending
and descending aorta.

Analysis of serum lipides

The eyeballs of the mice were removed when they showed no
reaction to deep sensory stimulation after being with tribromoethanol.
After extracting approximately 0.75 ml of whole blood and keeping at
room temperature for night, the serum was separated by sedimentation
for 5 minutes at 4°C 3000 x rpm. Applying a kit from Enzyme-Linked
Bio, the amounts of LDL-C, HDL-C, TG and TC were calculated.

Enzyme-Linked Immunosorbent Assay (ELISA)

Mouse serum has been examined for levels of Fractalkine (FKN),
Monocyte Chemokine (MCP-1) and mouse oxLDL through enzyme-
linked immunosorbent assay (ELISA). The ELISA Kkits, self-prepared
distilled water, spiking apparatus (5ul, 10ul, 50ul, 100 ul, 200ul, 500ul,
1000 ul), an oscillator and a magnetic stirrer were amongst the kits
which were deployed. They were obtained from Enzyme-Linked Bio
(China). As it is stated in the usage procedure of the kit.

Coloring with Hematoxylin-Eosin (H&E)

Frozen sections were removed from the -20°C refrigerator and
brought to room temperature to prepare for staining. After 15 minutes
for tissue fixative the application, they were rinsed under running
water. Following soaking for three to five minutes in hematoxylin
staining solution, the sections were rinsed with running water, divided
using differentiation solution and then returned to blue utilizing return
to blue solution. Sections were dehydrated in 85% and 95% alcohol
for five minutes each, followed by five minutes of staining with eosin.
They were then sequentially put into anhydrous ethanol I, II and III
for five minutes each, xylene I and II for five minutes each, and stored
with labels written on the neutral gum sealer. Image acquisition was
analyzed by microscopic examination under a microscope.

Red O coloring in oil

The sections were dipped in an oil-red staining solution and
stained with an oil-red O staining solution. The slices spent eight to
ten minutes submerged in the oil-red dye solution. Remove the slices,
stay for 3 seconds and then soak them in two tanks of 60% isopropyl
alcohol each for 3 and 5 seconds, then into two tanks of pure water for
10 seconds each. The slices are removed and left for three seconds and
finally submerged in hematoxylin for a further three to five minutes.
subsequently that, they are placed in each of three tanks of pure water
for washing for five, ten and thirty seconds each and then in two tanks
of differentiation solution for two to eight seconds, then in two tanks of
distilled water for 10 seconds, in two tanks of blue solution for a second
and lastly, gently, in two tanks of tap water for washing. Container of
tap water.

Masson

Sections fixed with tissue fixative for 15 minutes and washed with
running water. After spending the night submerged in Masson A, the
sections were washed under flowing water. After submerging sections
for a minute in an equal mixture of Masson B and Masson C staining
solutions, they were rinsed with tap water, allowed to differentiate for
a few seconds in the differentiation solution and then again with tap
water. Sections were dyed for six minutes in Masson D, rinsed with tap

water and then colored for one minute in Masson E. After that, they
were dyed directly in Masson F for two to thirty seconds without being
rinsed or drained, rinsed in 1% acetic acid for differentiation and dried
in two anhydrous ethanol tanks. Sections were placed in the third vat
of anhydrous ethanol for 5 minutes, xylene for 5 minutes and sealed
with clear neutral gum. Images were acquired and analyzed under
microscopic examination.

Immunohistochemistry (IHC)

Frozen sections were air-dried at room temperature, baked at 37X
for 10-20 minutes, fixed with alcohol for 20 minutes and washing in PBS
(PH7.4) on a decolorizing shaker for 3 times, each taking 5 minutes.
After antigen repair, slides were let gradually cool before being placed
in PBS (PH7.4) on a decolorizing shaker and shaken three times for
five minutes each. Sections were placed in a solution comprising 3%
hydrogen peroxide, then left at room temperature for 25 minutes and
sheltered from light. Incubate the sections in a 3% hydrogen peroxide
solution at room temperature for 25 minutes, then wash with PBS
(PH7.4) and shake on a decolorizing shaking table three times, each for
5 minutes. After the sections' drying out, using a histochemistry pen to
draw a circle around the tissues. Then, carefully cover the tissues with
a drop of 3% BSA inside the circle and leave them remain locked for
30 minutes at room temperature. Remove the sealing solution, put the
sections flat on the damp box, and incubate them at 4°C for the whole
night. Drops of freshly prepared DAB color development solution
were added and the color development time was recorded under a
microscope. Rinsing that area with tap water prevented the color
development for the positive shade, which was brownish yellow. Then
re-staining for approximately three minutes, washing with tap water,
separating the hematoxylin solution for a brief period of time, cleaning
with tap water, mixing the hematoxylin back to the blue solution and
finally washing with faucet water. For dehydration and transparency,
the sections were continually placed in xylene for 15 minutes, 85%
alcohol for 5 minutes, anhydrous ethanol for 15 minutes, anhydrous
ethanol II for 5 minutes, n-butanol for 5 minutes and 75% alcohol for
15 minutes. After the sections had been in xylene for a while, they were
removed to enable it to dry barely.

QOil red

The aorta was obtained with forceps in 4% PFA fixative to remove
the fatty tissue around the vessels and the vessels had been submerged
in the fixative for more than 24 hours. After taking the tissues out of the
fixative and giving them two PBS immersion washes, the vessels were
gently split longitudinally along their walls with dissecting scissors. For
five seconds, the split blood arteries were gently washed with tap water.
The blood vessels were extracted using forceps and immersed in 60%
isopropyl alcohol for differentiation. The differentiation process took
one minute to reach the point where the fatty plaques in the lumen
were bright red or orange and the other parts of the lumen were almost
colorless. The differentiation process was then stopped by washing with
distilled water. The blood vessels were first immersed in 60% isopropyl
alcohol 3S and then in oil red O staining solution for 60 minutes at 37°C
protected from light. After removing the blood vessels and blotting the
extra water with filter paper, a slide was taken and put on a backdrop
plate that was either black or white with a scale; the blood vessels were
spread out on the slide; a well-lit place was chosen; and the focus and
exposure of the camera were adjusted to take pictures.

Western blot protein immunoblotting

Tissue protein extraction involves putting the tissue in a centrifuge
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tube, putting ten times the volume of tissue lysate and cutting the
temperature to -8°C for more than ten minutes before removing it.
Finally, place the crushed tissue in an ultrasonic cell crusher and set
a homogenization program. Once the centrifugal tubes have been
removed and the homogenized tissue has been homogenized, place the
tissue on ice lysate for thirty minutes. Following the homogenization
procedure, the centrifuge tube was taken out of the machine and left on
ice for 30 minutes, shaking every five minutes to guarantee that all of
the tissue had been lysed. After calculating the protein concentration,
add 5* Reduced Protein Sampling Buffer to the protein solution at a
4:1 ratio, denature in a boiling water bath for 15 minutes and store in
the refrigerator at -20°C for later use. SDS-PAGE In electrophoresis,
the glass plate are cleaned and then dried before creating a pair with
a flat glass plate and a piece of flat glass into a glue maker. The glass
plate should then be fixed with a slanting insert plate; ensure that the
bottom of the plate is aligned to prevent leaks; and formulate the gel
in accordance with the instructions. Prevent glue leaks by making
concentrated glue per the instructions in the handbook and promptly
filled the container. Fill the remaining gap with concentrated glue, then
add a 1.0-mm comb. Look intently at the comb underneath; air bubbles
should not be visible.

Following the concentrated gel becomes solid for 15 minutes,
bring out the glue maker and carefully remove the comb. Add enough
electrophoresis liquid to the electrophoresis sample after placing the
glue maker into the electrophoresis tank. When the bromophenol blue
was about 1 cm from the bottom, the electrophoresis could be paused
and the membrane transfer could begin. The electrophoresis was run
for about 30 minutes at a constant pressure of 80 volts. To transfer the
membrane, prepare 4 pieces of 7 x 9cm filter paper and a medium-
sized PVDF (0.45um) membrane. Activate the PVDF membrane with
methanol for 2 minutes before use. Put the clip for transferring the
membrane, two sponges, two layers of filter paper and the activated
PVDF membrane into the container with the transferring liquid. Open
the clip with the left side in red and the right side in black and add a
piece of sponge and two layers of filter paper on each. Place two layers
of filter paper and a sponge on each side; the right side is black. Peel off
the adhesive between the air bubbles, the adhesive on the filter paper
and the PVDF membrane on the adhesive using caution.

Cover the membrane with a pair of filter paper and remove any
air bubbles. At last, add another sponge layer; transfer film situations:
The transfer process will be bathed in ice water to cool down in the
transfer equipment for 90 minutes at a continuous current of 300 mA.
Place the transferred membrane into the TBST-equipped incubation
tank, shabu-shabu once quickly, add the milk sealing solution, placed
it on the decolorizing shaker and let it sit for 60 minutes at room
temperature. After that, dilution of the primary antibody should be
done in compliance with the antibody's instructions and then the
antibody should be established. Remove the sealing solution from the
incubation tank, shake the shaking bed gently for one minute, add the
configured primary antibody and then incubate at 4°C for an entire
night.

After that, recycle the primary antibody. Add TBST and quickly
elute three times, each for five minutes, on the decolorizing shaker. After
dilution to a ratio of 1:5000 with TBST, add the secondary antibody
to the incubation tank, place it on a shaker for gentle shaking and
allow it to sit at room temperature for half an hour. Shabu-shabu the
membrane three times quickly with TBST, place it on the decolorizing
shaker for quick elution for five minutes each time and then wash it
three times. Chemiluminescence: Combine ECLA with liquid B ata 1:1

ratio. Get rid of the eluted PVDF membrane on absorbent paper; Put
the membrane on the chemiluminescence instrument's shelf, slightly
absorb the liquid on top of it, add the mixed ECL glowing liquid, allow
the liquid to completely submerge the membrane, then wait a minute
for the reaction to begin. Use paper that absorbed; Put the additional
liquid into the chemiluminescence devices after soaking it from the
membrane's surface. Begin the chemiluminescence in line with the
specified schedule; save the original image in TIF format after the
lighting process is finished. Save the original image in TIF type after
the exposure.

Analysis data

Data are presented as mean + standard deviation. One-way ANOVA
followed by post-hoc tests was used for group comparisons. Statistical
significance was set at *p<0.05.

Results

A diet that contains cholesterol enhances lipid metabolism

Apo-E, known as Apolipoprotein E, is a protein related with lipid
particles that transfers chyme particles. It exists in very Low-Density
Lipoproteins Cholesterol (LDL-C) and High-Density Lipoproteins
Cholesterol (HDL-C) and plays a role in cholesterol transport. The
binding ofhepatic and peripheral cell receptors accounts for its selectivity
[8]. According to studies, lipogranules start to form after 14 weeks of
feeding and ApoE-/-mice spontaneously acquire hypercholesterolemia.
Under normal dietary conditions, substantial atherosclerotic plaque
lesions take 20-24 weeks to develop [9]. Increased plasma cholesterol
levels and faster vascular lesion process were the results of a high-fat/
high-cholesterol diet. The aortic root, aortic arch, innominate arteries,
aortic branches and renal artery bifurcations are the primary areas
affected in these animals. Studies on human atherosclerosis frequently
use ApoE-/-mice [10]. After 16 weeks of feeding, ApoE-/-mice
compared with the model which on a high-cholesterol diet showed
significantly greater blood atherosclerosis-related lipid indicators of
triglycerides, cholesterol, LDL, and oxidized LDL, and the opposite
levels of HDL than the control group (Figure 1).
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Figure 1: (A) The rough comparison of the model group at 14 weeks and
16 weeks and the control group; (B) The histogram of the gross plaque
measurement results between the model group and the control group; (C)
The results of Blood lipid. Note: *P<0.05,**P<0.01.
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The consequence of glycolysis through PFBFB3 on monocyte
macrophage responses

Under normal applications glycolysis is the main method of energy
acquisition for endothelial cells and also the main supply of energy
for their movement and proliferation. Even while at rest, normal
endothelium cells are extremely glycolytic. Lipoprotein A is exposed
to high-fat and inflammatory stimuli and endothelial cells limit the
amounts of glycolysis by stimulating PFKFB3, which accelerates
cellular metabolism and increases the beginning of inflammation [11].
PFKFB3, an essential glycolysis enzyme, is involved in the development
of an array of vascular diseases, such pulmonary artery hypertension
and atherosclerosis [12-15]. Monocytes undergo differentiation
into macrophages that are traditionally activated in responses to
inflammatory stimuli and these types of cells display increased amounts
of glycolysis caused by PFKFB3. The first human C-family chemokine
to be discovered is CCL2, frequently referred to as Monocyte
Chemoattractant Protein-1 (MCP-1) [16]. The main sources of CCL2 are
macrophages and the monocytes [17]. FKN, known as the chemokine
receptor CXCR3, is a marker for activation of helper T-lymphocyte
type 1 lymphocytes, which are the main T-lymphocyte type detected in
atherosclerosis [19] and are related to inflammatory responses. MCP-
1 plays an intermediary role in macrophage-induced inflammation
[18]. 3PO treatment significantly reduced serum levels of MCP-1 and
FKN, markers of monocyte-macrophage activation, compared to the
HCD model group, this suggests that PFKFB3 inhibition suppresses
inflammatory responses in atherosclerosis (Figure 2) (Supplementary
Figure 1 and Table 1).
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Figure 2: The results of MCP-1 and CXCR3 levels. Note: *indicates P<0.05,
**indicates P<0.01.

Reduction of vessel thickness and inhibition of arterial plaque
formation by 3PO-induced PFKFB3 expression

In order to clarify the inhibitory effect of 3PO on PFKFB3,
ApoE-/-mice received a week of adaptation to a high-cholesterol
diet. Continuing that, the 3PO group got subcutaneous injections of
3PO three times per day. After 14 weeks, PFKFB3 expression levels
in the tissues of ApoE-/-mice were assessed, as it was found that 3PO
repressed PFKFB3 expression; the experimental group's PFKFB3

expression was even lower than the control group's (Figure 3a).
Meantime, PFKFB3 repression by 3PO extensively lowered the degree
of arterial plaque formation, due to an analysis of the oil-red staining
results of mouse macrosomes (Figures 3A and 3B). While comparing
the aortic root's oil red plaque area and HE staining, the experimental
group showed a statistically important reduction in comparison with
the model group (Figure 4) Histological analysis revealed that 3PO
treatment decreased plaque area and vascular collagen deposition.
Aggravation of atherosclerotic lesions thicken the arterial wall, which
causes regional oxygen exchange limitation. Glycolysis levels increase
in hypoxic environments and trigger an inflammatory response, which
exacerbates atherosclerosis [20]. Using cardiac ultrasound in mice,
ascending aortic blood flow and vascular thickness of the ascending
aorta, head and arm trunks, left common carotid artery and right
common carotid artery were assessed (Figure 5). The amount of
vascular collagen deposition was assessed using Masson staining and
there were significant differences between the experimental, model and
control groups (Figure 6). The results demonstrated that 3PO reduced
intravascular collagen deposition levels and vascular thickness in
atherosclerotic arteries while enhancing heart function.

A
y bl | O .
Arlin T — - 4D

\ | [ ] ( -
| i 1

l | et | é,_,

§ r ‘-m:'u:' N

b o, lmdﬁ*i ; tz.

==
PFRFB3 Il'll'l SED L

o
o

s = o
T B &
RS SR RN AR R

Fak wes

Figure 3: (A) The protein expression graph; (B) The plaque of the mice in the
three group. Note: *indicates P<0.05, **indicates P<0.01.
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Figure 5: Aortic root HE staining specimens of mice in each group (20X) The
upper panel shows the model group, the 3PO experimental group, the control
group, and the blank group, respectively). The right panel shows a histogram
of the aortic root HE staining results.
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3PO stimulates the production of associated chemokine and
monocytes

We confirmed in the previously mentioned trials that PFKFB3
promotes monocyte-macrophage responses and enhances the
inflammatory response that impacts atherosclerosis. Furthermore,
we assessed the expression of CD68 in the aortic root to further
confirm that 3PO declines this process. The expression level of CD68,
a highly glycosylated glycoprotein that only exists in monocytes and
macrophages, can be utilized to measure the extent of the change
from monocyte to macrophage. The degree of monocyte-macrophage
transition is confirmed by the expression of CD68, which is an instance
of macrophage expression. CD68 is highly increased in responses to
oxLDL-C stimulation [21]. High levels of plaque have been correlated
with high levels of CD68 expression in mice, while there was a lack of
statistical significance in the significant association among CD68 and
oxidized low-density lipoprotein expression (Figure 7). In addition, we
evaluated the levels of FKN and MCP-1 in the control group with the
experimental group that received 3PO (Figure 2 shows the results of
MCP-1 and CXCR3 levels). It is evident that 3PO significantly decreased
the inflammatory response attributed to monocyte macrophages.
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Figure 7: The Masson staining specimens of mouse aortic roots in each
group.

Discussion

The accumulation of minimally oxLDL is the initial event of
atherosclerosis, which causes the production of multiple inflammatory
chemicals by the overlying endocrine secretions and the products of
minimally oxLDL also hinders nitric oxide the development [22].
Chemical mediator nitric oxide has several anti-atherosclerotic effects.
Because of their higher blood pressure, mice lacking endothelial
NO synthase show increased atherosclerosis [23]. We observed that
in mice, the lipid metabolism connected with atherosclerosis and
hypercholesterolemia were associated with each other. After 16 weeks
of high-cholesterol diet, the impact of 3PO on atherosclerosis in mice
was investigated. Over all, the findings shown that 3PO's inhibition of
PFKFB3 decreased monocyte-transformed macrophage reflection and
associated inflammatory markers; however, it had different impacts on
the arterial vascular wall and circulating lipids and eventually inhibited
atherosclerosis from spreading.

Monocyte macrophages plays a crucial role in the genesis
and progression of atherosclerosis [24-26]. Hypercholesterolemic
stimulation  causes  atherosclerosis-associated ~ monocytes  to
differentiate into classically activated macrophages. Macrophages are
the main leukocytes during plaque inflammation and development;
macrophages phagocytose lipids within the plaque while further
producing cytokines and chemokines, transforming into foam cells to
form a large number of lipid accumulations that necrose to form fatty
streaks. In the later stage, foam cells accumulate in the blood vessel
sub endothelium, causing an immense amount of lipid buildup and
necrosis to form fat lines. Under an electron microscope, atheromatous
plaques are noticeable caused by the proliferation and migration of
smooth muscle cells and the synthesis of fiber-encapsulated lipid
nuclei by extracellular matrix proliferation. Similar to human Thl
and Th2 CDAT cells, Mills (2000) identified the M1 and M2 kinds
of macrophages in Balb/c and C57BL/6 mice [27] and called the
macrophages M1 and M2 phenotypes. According to Italiani's research,
M2 macrophages stimulate tissue regeneration and cell proliferation
while M1 macrophages have the proinflammatory capacity to eliminate
infections [28]. Widely expressed in human tissues, PFKFB3 is a
critically essential glycolysis-regulating enzyme that has been shown
to impact the pathogenic activity of a range of tissues. Recent studies
have shown that PFKFB3 expression is significantly enhanced in animal
models of several diseases, such as acute kidney injury, acute lung injury
and sepsis and the underlying mechanisms have been investigated [29-
32]. Furthermore, PFKFB3 demonstrated significant results in healing a
variety of human carcinomas, rheumatoid arthritis, pulmonary fibrosis
and fibrosis after liver injury [34-39]. Additionally, in corresponding
breakthrough examinations [24,25,33,34,40], PFKFB3 has also been
toured in the prevention of long-term heart failure during myocardial
infarction, improvement of cardiac function following acute myocardial
infarction and suppression of the progression of atherosclerosis. In the
study by Tillie et al,, the effect of plaque size and composition on the
total plaque burden in mice in both advanced and early lesions [34].
In this work, we demonstrate that PFKFB3 expression influences the
degree of plaque formation and increases dramatically during the
development of atherosclerosis. Research indicates that PEKFB3 plays
an essential part in the initial phases of atherosclerosis development.
Likewise, it impacts the inflammatory response of atherosclerosis-
associated monocyte macrophages, which might persist into the later
stages of plaque formation.
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3PO, an effective inhibitor of PFKFB3, has been identified in a
wide range of PFKFB3-related cancer research [34,35]. Furthermore,
chemotherapy treating primary and metastatic tumors is enhanced
when PFKFB3 is blocked by 3PO. When combined with existing
anticancer medications, the administration of 3PO and other PFKFB3
inhibitors has proven synergistic benefits [36,37]. Mejias, et al.,
discovered that 3PO markedly reduced the degree of fibrosis following
hepatic damage and the activation of hepatic stellate cells [38]; Zuo et
al. noted that PFKFB is a possible target for the clinical treatment of
RA. The safe inhibition or overexpression of glycolysis rate-limiting
enzymes has the potential to lead to the development of new anti-
rheumatic therapies [39]. Yang et al. claimed that 3PO treatment may
prevent long-term heart failure following myocardial infarction [40].
Han noticed that 3PO-induced PFKFB3 expression inhibition improves
cardiac function and the degree of fibrosis in mice adhering to acute
myocardial infarction [24]. Paola P, et al., proposed that 3PO inhibits
coronary artery plaque formation, resulting in an overall improvement
in cardiac function [25]. However, there areStill up for debate, though,
is whether 3PO actually slows down the progression of plaque and
atherosclerosis [15,25,33]. Thereby, ApoE-/-mice were acclimated
to a high-cholesterol diet for one week in order to better understand
the impact of 3PO inhibition of PFKFB3 on the development of
atherosclerosis and plaque formation. The experimental group then
received intraperitoneal injections of 3PO at three-day intervals. After
16 weeks, the mice in the 3PO and HTD groups had serum levels of
triglycerides, cholesterol, LDL-C and oxLDL which were significantly
lower in the 3PO group than in the model group, with the opposite levels
of HDL-C. There were significant differences between the two groups
in the oil-red staining of macros and the oil-red and him staining of
plaque areas in the aortic root. Thoracic aortic tissues have been utilized
to extract proteins and PFKFB3 expression levels were established. The
level of expression of PFKFB3, determined using protein obtained from
thoracic aortic tissue, was shown to be considerably lower in the 3PO
group comparing to the model group. Based to the previous findings,
3PO reduced the production of linked inflammatory indicators and
the inflammatory response of monocyte macrophages, hence slowing
the progression of atherosclerosis and the growth of plaque. Hypoxia
improves the glycolytic travel in macrophages, as demonstrated by
Tawakol A, et al., [46]. Its pro-inflammatory component is upregulated
by PFKFB3. oxLDL stimulation dramatically boosts the expression
of CD68, a highly glycosylated glycoprotein that is exclusively
expressed in monocytes and macrophages [47]. For the purpose of
immunostaining monocytes and macrophages in inflammatory tissues,
tumor tissues and other immunohistopathological applications, CD68
has been extensively employed as a useful cytochemical marker [48]. As
a myeloid-specific surface marker, CD68 is widely expressed, especially
in macrophages, as reported by Betjes, et al., [50]. Chemokines and their
receptors play an important role in the development of atherosclerotic
lesions and drive proatherogenic leukocyte responses. Chemokines and
their receptors play a critical role in the formation of atherosclerotic
lesions, driving proatherogenic leukocyte reactions. Chemokines
are proteins that mediate angiogenesis, hematopoiesis and leukocyte
degranulation and cell motility. Their molecular weights are between
8 to 12 kDa, Specifically, PFKFB3 promotes monocyte-macrophage
activation by enhancing glycolytic flux, which fuels inflammatory
cytokine production and foam cell formation [16]. The main sources
of CCL2 are macrophages and monocytes [17]. MCP-1 facilitates the
response of inflammation triggered by macrophages [18], Monocyte
chemoattractant protein-1 (MCP-1) is one of the secreted factors that
draws immune cells to adipose tissue; studies have demonstrated that
MCP-1 is necessary for macrophage infiltration of adipose tissue. In

addition, irregular chemokines are independent factors that have a
negative correlation with the left ventricle ejection fraction (LVEF) in
hypertensive patients. A negative connection was discovered. A study
performed in 2003 clearly showed that transferring bone marrow cells
lacking in CCL2 significantly decreased atherosclerotic lesions [19].

The majority of acute cardiovascular events have been brought on
by occlusive thrombosis, which can be brought on by atherosclerotic
plaque destruction or rupture. Localized restrictions on oxygen
exchange result from the thickness of the arterial wall resulting from the
development of atherosclerotic plaques. More severe vascular lesions
are caused by vascular cells in response to hypoxic situations [20]. The
frequency of acute coronary events caused by thrombus is primarily
determined by the composition and sensitivity of the plaque, rather by
the degree of stenosis. Neovascularization and calcification, which are
common features of advanced lesions, could potentially have an effect
on the durability of atherosclerotic lesions. However, several limitations
should be noted. First, the long-term effects of 3PO on plaque stability
and cardiovascular outcomes remain to be investigated. Second, the
translational potential of PFKFB3 inhibitors in human atherosclerosis
requires further validation. Future studies should explore the efficacy
of 3PO in combination with existing therapies, such as statins, to
determine synergistic effects [33].

Conclusion

Overall, this study underscores the potential of targeting PFKFB3
as a therapeutic strategy to manage atherosclerosis and other
inflammatory vascular diseases. By reducing monocyte-macrophage
responses and limiting plaque formation, PFKFB3 inhibition may offer
a promising approach to mitigate the progression of atherosclerosis and
improve vascular health.
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