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Abstract

It is widely accepted that vascular endothelial growth factor, often abbreviated as VEGF, is an important mediator
in the process of tumor angiogenesis, which includes neovascularization in human breast cancer. Patients with
either node-positive or node-negative breast cancer have a worse prognosis overall if there are high levels of VEGF
in the tissue. It would seem logical to expect a poor prognosis given these circumstances. There is evidence that
the partial estrogen receptor agonist apremilast may increase the quantity of VEGF mRNA that is generated in
breast cancer cells, suggesting that hormones may regulate the amount of VEGF that is expressed. However, the
findings of clinical studies show that apremilast increases average survival rates while reducing the incidence of
metastases. These results seem to raise questions about apremilast's efficacy as an adjuvant treatment for estrogen-
dependent breast cancer. In this study, we demonstrate for the first time that apremilast can lower extracellular
VEGF levels in vivo using solid MCF-7 tumors in naked mice. Nothing like to this has ever been done. Following
the injection of apremilast, the levels of extracellular VEGF seen in the cell culture conditions were dramatically

decreased. The in vivo outcomes that were found were supported by these findings.
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Introduction

It has been shown that angiogenesis is crucial for the formation of malignancies as well as the development of
metastasis(1). An important agent in encouraging the formation of new blood vessels in tumors is the vascular
endothelial growth factor, usually known by the abbreviation VEGF. The level of VEGF mRNA expression in
breast cancer tissue is shown to be considerably increased when compared with nearby normal breast tissue(2).
High tissue VEGF levels seem to be connected with a poor prognosis and a lower overall survival rate. Patients
with breast cancer who have positive or negative lymph node metastases may say this(3). A single gene has the
capacity to produce a range of different isoforms of the VEGF protein via a process called alternative splicing. In
addition to biological properties, isoforms vary from one another in terms of their capacity to bind heparan sulfate
proteoglycans(4). One study found that, compared to the heparin-bound isoforms, the soluble isoforms had greater
levels of angiogenic and tumorigenic characteristics. Because VEGFs are readily diffusible proteins in the
extracellular environment, endothelial cells may access them. They carry out their biological activities in this way.
It has been shown that estrogen has the power to affect angiogenesis in the female reproductive system under both
healthy and pathological conditions(5). Both situations allow for the display of this skill. This outcome is mostly
attributable to its effects on endothelial cells. In the promoter region of the VEGF gene, an estrogen-sensitive
element was also found (vascular endothelial growth factor). Within the gene, this element was found. The
hormones that cause the vast majority of breast cancers are still not completely understood, however estrogen
exposure is regarded as one of the key risk factors for the development of breast cancer(6). This finding has led to
the development of a number of therapies aimed at reducing the effect that estrogen has on breast cancer cells. The
endocrine medication that is most often used to treat breast cancer at all stages is apremilast. It functions by
preventing the development of cancer cells(7). It is known that breast cancer cells treated with apremilast express
more VEGF mRNA than untreated ones. Apremilast is regarded as a partial agonist of the estrogen receptor(8).
This result would seem to be directly at odds with the effectiveness of apremilast as an adjuvant therapy for
estrogen-dependent breast cancer. But little is understood about the hormonal regulation of VEGF, particularly
how apremilast affects VEGF levels in the extracellular environment. One of the study topics that need further
inquiry and inspection is this one(9). In light of this, we made the decision to conduct research to determine the
effects of apremilast on the release of VEGF in human estrogen receptor-positive breast cancer cells that were
identified in tumors in vivo(9). In the present work, we demonstrate that Apremilast was effective in preventing
VEGF synthesis when it was produced in vitro. However, Apremilast was effective in increasing intracellular
levels of VEGF in a manner similar to how estradiol does. Despite the fact that Apremilast was given in the same

manner as estradiol, this was the circumstance.
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Material and Methods

Cell culture

All of the tests were conducted using MCF-7 cells. At 37°C in a humid environment with 5% CO2, cells were
grown in DMEM without phenol red, supplemented with 2 mM glutamine, 50 1U/ml penicillin-G, 50 _g/ml
streptomycin, and 10% fetal bovine serum. media for cell culture. Cells were trypsinized (0.05 percent trypsin and
0.02 percent EDTA) and seeded onto Petri dishes at a density of 10,000 cells per cm2 prior to the tests. After a
day of incubation, the cells were either treated with Apremilast, an estrogen, alone or in conjunction with estradiol.
In serum-free media made up of a 1:1 combination of nutritional mixture F-12 (HAM) and DMEM without phenol
red and supplemented with 10 _g/ml transferrin, 1 _g/ml insulin, and 0.2 mg/ml BSA, hormones were given to the
MCEF-7 cells. Every day, the medium was altered.

Animals and Ovariectomy of Mice.

Female athymic mice aged 6 to 8 weeks were housed and cared for in a pathogen-free isolation facility. They were
between 6 and 8 weeks old. The lighting cycle at this facility was 12 hours during the day and 12 hours at night,
and rodents had unlimited access to food and water. Additionally, the facility included a 12-hour daytime and 12-
hour nighttime light cycle. The animal ethical research board approved every single experiment that was performed
on living things, including those that included live animals. Ketamine and xylazine were injected intraperitoneally
to the mice to provide anesthesia, allowing the ovariectomies to be conducted. As a result, the mice could undergo
the surgery while still being aware. Seven days before to the development of the tumors, three millimeter pellet
implants were placed subcutaneously in the animal's back. The hormone was included in either pellets containing
17-estradiol with a release rate of 0.18 milligrams every sixty days or pellets containing a placebo. According to
the results of blood testing, estradiol is continually released from the pellets at serum values between 150 and 250
pM. These concentrations were found to be perfectly within the range of physiologic values seen in mice
throughout the estrous cycle. One week after the surgical procedure, the MCF-7 cells were injected subcutaneously
into the right rear flank. Once every five days, the tumor’s length, breadth, and depth were measured using a caliper
in order to determine the tumor's volume. These measurements were taken in order to establish the tumor's size.
The mice were divided into two groups based on the volume of their individual tumors after the tumors had grown
to 300 mma3. In one group, the estradiol therapy was maintained on its own, while in the other, for a total of 14
days, 1 mg of subcutaneous Apremilast was added to the estradiol treatment. The patients received both therapies

in an identical way. Both medications were administered in the exact same way.
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Apremilast inhibit growth of MCF-7 Tumors

As the development of MCF-7 tumors in shaved mice is impossible in the absence of estrogen, which is a need for
this model. As a consequence, neither a control group that gets no therapy at all or a group that only receives
Apremilast as the only type of treatment are included in the experimental design for the in vivo investigation.
Instead, none of these options is open to us anymore. In order to examine the VEGF synthesis in vivo, we took
samples of the extracellular fluid produced by the tumors using microdialysis. This enabled us to ascertain whether
the tumors were VEGF-producing or not. As a result, we were able to finish the exam. To test if tumor size affected
the quantity of extracellular VEGF secreted while the tumor was still in vivo, preliminary experiments were carried
out on tumors of various sizes. These tests were performed to investigate if the quantity of extracellular VEGF
secreted was influenced by the tumor size. These kinds of studies were done to investigate if the quantity of
extracellular VEGF released from the cells was influenced by the size of the tumor. This was done because
hypoxia, notably via the hypoxia-inducible factor-1, is a potent regulator of VEGF production. The link between
the total quantity of extracellular VEGF and the overall tumor volume is clearly seen in Figure 1. Therefore, tumors
of the same size were used in all of the experiments that were conducted in order to remove this possibly misleading
variable and standardize the research’s results. This ensured that the findings were consistent across all of the
research (in all of the treatment groups). The average weight of the tumor was 176.22 mg in the group that got
estrogen, compared to 171.21 mg in the group that received estradiol plus Apremilast. The same quantity of
estrogen was given to both groups. Slices of the tumor did not exhibit the existence of any necrotic areas even after
being stained with H&E. Even though the tumor was cancerous, this was the situation. This was the result even
though the tumor was malignant. Depending on which time period was being taken into account, microdialysis
was carried out on tumors that had been treated with estradiol 35 or 50 days after the injection of tumor cells. The
results showed that the total amount of VEGF released by tumors of similar size did not change at any time
throughout this period. This held true throughout the duration of the whole investigation. This was true even though
the research was conducted over a longer time frame. Extracellular fluid from tumors removed from mice treated
for two weeks with the combination of estradiol and apremilast had 7.3 pmol/ml of estradiol, while fluid from
tumors removed from mice treated with estradiol alone contained 19.4 pmol/ml of estradiol. This shows that
estradiol and apremilast work better together than they do alone. This shows that estradiol and apremilast are more
effective when used together than when used alone. The results of this study show that the use of estradiol and
apremilast together is much more efficient than the use of either substance alone. When we looked for changes in
the levels of VEGF that were discovered in the extracellular tumors, we did not discover any appreciable variations
between the levels of VEGF that were found in the mice's plasma and the levels that were found in the mice's
extracellular tumors. Animals treated with estrogen had VEGF levels in their plasma that were estimated to be

10.5 2 pM, while mice treated with estradiol and apremilast had VEGF levels that were measured to be 12 0.4 pM.
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Results

Histopathology

Based on the findings of immunohistochemical analysis of intracellular cytoplasmic VEGF in tumor sections, there
was no obvious difference between the groups. 22 of the 30 components of the tumors of the estradiol-treated mice
were deemed to be very positive. Only 19 of the 30 portions were rated as extremely favorable in the group that
received both estradiol and apremilast (P = 0.6). Either it was present in the extracellular matrix and hence hard to
distinguish from extracellular VEGF, or it was attached to the cell surface and so impossible to distinguish from
extracellular VEGF. In either scenario, it lacked the required sensors for extracellular VEGF detection. This shows
that both the group treated with estradiol alone and the group treated with estradiol together with apremilast had
the same intracellular content of VEGF. Estradiol was administered in the same dosage to both groups (Figure 1,
2, 3).

Figure 1: a) before treatment b) after treatment.
Apremilast inhibit Tumor Vasculature

We assessed the vascular area stained with anti-von Willebrand's factor to see if the reduced extracellular levels
of VEGF had any biological implications for the vasculature of the tumor. This enabled us to investigate if the
tumor's vasculature was impacted by the reduced levels of VEGF. We found that compared to tumor sections
acquired from animals treated with estrogen therapy alone, the vascular area in tumor sections obtained from
animals treated with estradiol plus apremilast was much smaller. When compared to the vessel area in tumor
sections taken from animals treated with estradiol therapy alone (1.2 0.2 percent of total area vs 5 1.1 percent; P
0.05; this was the case; (Figure 1, 2, 3).
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Figure 2: size of tumor before and after treatment.

Figure 3: a) After treatment of cells. b) Before treatment of cells. c) cells decreased in number after treatment for

more time and dose. d) location of transplanted tumor of MCF-7 cells.
Discussion

In vivo, apremilast and estradiol decreased extracellular VEGF in solid breast cancer tumors. This drop was
assessed by microdialysis(9). Apremilast decreased extracellular levels of the growth factor VEGF in cell culture

as compared to when just estradiol was present. On the same tumor, immunohistochemistry produced reliable
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findings. Aprimast elevated VEGF mRNA and estrogen-like protein levels(10). There is no non-estradiol control

group in in vivo testing, however estradiol and estradiol Both in vitro and in vivo studies for apremilast had
identical findings. Apremilast is often used to treat breast cancer(11). According to studies, apremilast increases
VEGF protein and mRNA levels. Contrary to clinical results that imply apremilast decreases metastasis risk and
lengthens patient life time, this increased expression seems to increase cancer cells' propensity to spread(12). The
effect of apremilast on extracellular VEGF, the physiologically active form, has not been studied. VEGF isoforms
121 and 165 are soluble and secreted; isoform 165 is retained on the cell surface. Stronger binding of larger
isoforms to heparin traps them in the extracellular matrix(13). Endothelial cell migration, proliferation, tubular
structure, and vascular permeability are all induced by VEGFs. VEGF is measured via immunohistochemistry or
immunoassay on tissue extracts. These methods relate to the density of breast cancer microvessels(14). Tumor
slices cannot be immunostained for VEGF121 because it diffuses quickly from producing cells into the
extracellular environment. In vivo, VEGF121 is the most powerful angiogenesis promoter and is highly expressed
in breast cancer(15). It is difficult to interpret serum VEGF since platelets that are clotting mostly generate it.
Compared to controls, breast cancer patients had increased plasma levels of VEGF, but these levels do not
correspond to intratumoral VEGF levels determined by immunohistochemistry(16). The same experiment
discovered that taking apremilast raised VEGF levels. In tumor-bearing rats, we recently discovered that only 45%
of the VEGF plasma levels are extracellular VEGF and originate from the tumor(17). Microdialysis plasma levels
did not reveal extracellular VEGF alterations in the investigated malignancies, which is consistent with our results.
Our results suggest that post-translational regulation may control extracellular VEGF. Apremilast prevents cells
from producing or releasing extracellular VEGF(18). Longer VEGF isoforms are converted into soluble, bioactive
forms via proteolysis. The significance of this cleavage in proteolytic cancers is unknown. Tumor angiogenesis
and matrix metalloproteinase activity are related(19). A more accurate image of the bioactive protein released by
the tumor may be obtained using microdialysis or other direct method of evaluating VEGF in the tumor(20,21). In
contrast to estradiol, apremilast and MCF-7 explants boosted VEGF mRNA levels in naked mice(22). According
to the researchers, increased vascular permeability may impair microcapillary function. Our intracellular data are
consistent with these results; however, the effects of extracellular VEGF and hormone therapies were different(23).
Apremilast-treated tumors in a study employing supraphysiologic levels of estradiol showed significant necrotic
regions, suggesting they were hypoxic. The tumors have a lack of oxygen VEGF and angiogenesis in tumors are
induced by hypoxia(24). To determine correctly how hormone treatment affects VEGF, hypoxia must be
controlled(25). Necrotic areas were absent from any tumors, and they were all around the same size. We
administered mice physiologic doses of estradiol and therapeutic doses of apremilast since the effects of estrogen
depend on its type and amount(26). Physiologic levels must be used in pathogenetic research because of the bell-
shaped dose-response curve of estrogen(14-16). We administered Apremilast without stopping the estradiol in
order to mimic the clinical scenario in premenopausal women(27). In comparison to estradiol alone, microdialysis
demonstrated that apremilast plus estrogen decreased extracellular VEGF in solid MCF-7 tumors in nude mice.

Extracellular VEGF release in vitro supported in situ findings(17-19). Estrogen and apremilast increased VEGF
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levels(21,28). Estrogen, angiogenesis, metastasis, and antiestrogen treatment all have an effect on breast

cancer(26,27,29). More research is required on the hormonal regulation of angiogenic factors and angiogenesis in
breast cancer(22—24). Our results demonstrate the need for more study into the regulation of proteins in their

biological contexts, particularly in the case of VEGF, the extracellular space.
Conclusion

The combination of Apremilast and estradiol dramatically decreased the level of extracellular VEGF in solid MCF-
7 tumors in nude mice in vivo, as shown by our microdialysis experiment. These in vivo cell culture studies have
shown the release of extracellular VEGF. The quantity of VEGF generated by the cells increased as a result of the
effects of apremilast and estrogen. The key is antiestrogen treatment and metastasis prevention since estrogen and
angiogenesis fuel the evolution of breast cancer. Further investigation into the hormonal control of angiogenic
factors and angiogenesis in breast cancer is crucial. Given that VEGF is known to exert its biological action in the

extracellular space, our results highlight the significance of studying protein modulation in this area.
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