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Abstract:

The arachidonate 5-lipoxygenase—activating protein (ALOX5-AP) plays an essential role in
leukotriene biosynthesis and is also known as a significant regulator in the tumour microenvironment
(TME). Recent research has highlighted the ALOX5-AP as a key modulator of tumour progression
through its regulation of leukotriene biosynthesis and inflammatory signaling pathways. In the TME,
ALOX5-AP plays a double role in various cancers; ALOX5-AP positively contributes to prognosis
and immunotherapies for osteosarcoma (OS) through utilizing CD8 T cells. On the other hand, it
negatively impacts the TME in other cancers, such as acute myeloid leukemia (AML), ovarian cancer,
and breast cancer. Its immunosuppressive effects are a result of inflammation by initiating the
function of tumor-associated macrophages (TAMs) and M2 macrophages. This review synthesizes
current findings on the molecular level, connecting the role of ALOX5-AP in tumour immune evasion,
angiogenesis, and other processes. Furthermore, the therapeutic implications of targeting ALOX5-
AP in various cancers, such as OS and AML, are explored. Overall, ALOX5-AP proves to be a
promising biomarker target considering the current academic conversations regarding cancer
immunology.
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1. Introduction

The tumour microenvironment comprises all things in the system surrounding a tumour,
including cancer cells types, immune cell types, endothelial cells, the extracellular matrix (ECM), and
other tissue cell types (de Visser & Joyce, 2023). This highly structured ecosystem is actively
involved in a tumour’s growth, development, metastasis, and responses to treatments; cancer is not
solely focused on the tumour itself, but this microenvironment it is in (Weber & Kuo, 2012). In the
TME, cancer cells are surrounded by non-malignant cell types, and recruit and reprogram such cells
to create a tumour-supportive environment, thus causing the tumor growth and metastasis.
Interactions between cells include many other factors, such as integrins, cadherins, chemokines,
and cytokines (Bejarano et al., 2021; de Visser & Joyce, 2023).

The structure and composition of a TME varies drastically depending on where it is located
in the body, and even between patients with the same type of cancer. Specifically, immune cells—
which can be both tumor-promoting or tumor suppressing—and stromal cell types— which are non-
cancerous cells—are unique from organ to organ, given the different macrophage populations in each
one (Anderson & Simon, 2020). During metastasis and other forms of invasion, the TME must further
alter its composition to allow cancerous cells to break off and move to other parts of the body. Even
blood vessels in the TME can serve as a route for metastasis, while supplying oxygen and nutrients
for the tumour to grow (Anderson & Simon, 2020). In different cancers, the TME undergoes immune
regulation by various genes to promote or suppress tumour proliferation, invasion, and survival (Ye
et al., 2021).

The arachidonate 5-lipoxygenase activating protein (ALOX5-AP), or FLAP is a protein that is
responsible for producing leukotrienes in the TME (Ye et al., 2021). Leukotrienes (LTs) are a type of
fatty acids that are inflammatory and lipid mediators produced by immune cells. (Jo-Watanabe et al.,
2019). Arachidonic acid (AA), a polyunsaturated fatty acid created and excreted by membrane
phospholipids, is oxidized by the arachidonate 5-lipoxygenase (5-LO) enzyme in this pathway,
resulting in the production of leukotrienes in the nuclear membrane of proinflammatory and
immunomodulating lipid mediators or cells (Gur et al., 2018). In the 5-LOX pathway, for example,
ALOX5-AP is responsible for binding 5-LO to AA, making LTs such as LTB4, LTC4, and LTD4 (Gur
et al., 2018). A simplified visualization of this pathway is illustrated below in Figure 1. The ALOX5-
AP pathway helps with inflammatory response and is also expressed in multiple types of cancer cell
lines, thus showing a fundamental role in mediating cancer development (Ye et al., 2021).
Specifically, this gene is shown to be associated with primary neuroblastoma patients, esophageal
squamous cell carcinoma patients, and even cancers such as OS in the bones (Bai et al., 2018;
Chen et al., 2023; Song et al., 2024). Another association is with colorectal carcinoma, the second-
most common diagnosed cancer in Canada, because of its microsatellite instability; this is a type of

error made in the DNA due to short repeated sequences, causing the spread of cancerous cells
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(Kennedy & Harris, 2023). As a crucial part of leukotriene synthesis, its molecular structure and
abilities thus present possible opportunities for future interventions, as well as the development of
new medicines by utilizing its anti-inflammatory properties (Haeggstrom, 2018). Nevertheless, it is
important to note that it has links to both pro-tumorigenic and anti-tumorigenic effects depending on
different contexts and cancers (Kahnt et al., 2024; Song et al., 2024). This review will discuss the
roles of ALOX—5-AP in the TME in prognosis and immunotherapy, immune cell infiltration and

immunosuppression, and next steps in targeting the gene in combined therapies.
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Figure 1: 5-LOX pathway of ALOX5-AP from AA, binding process, to production of different LTs.

2. Double Role in Cancer Prognosis
2.1 ALOX5-AP & positive regulation in osteosarcoma immunotherapy

In OS, ALOX5-AP has been linked to CD8 T cell infiltration (Y. Chen et al., 2023). Chen et al.,
have found that a higher expression of ALOX5-AP was correlated with lower risk in the cancer (Y.
Chen et al., 2023). As shown in Figure 2, ALOX5-AP was also correlated with increased immune
cell infiltration (Han et al., 2023). Thus, ALOX5-AP acts as a biomarker to predict cytotoxic CD8
lymphocyte infiltration (Ge et al., 2022). Similarly, ALOX5-AP can help with improved prognosis and
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immunotherapies by increasing the ALOX5-AP abundance in OS (Ye et al., 2021). The gene has
also shown to suppress tumour progression by inhibiting the Wnt/B-catenin signaling pathway in OS
(Han et al., 2023). Being confirmed as a tumor suppressor in OS, its overall lower expression shows

poor prognosis (Han et al., 2023; Xie et al., 2020).
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Fig. 2: Correlation between ALOX5-AP and infiltrating immune cells (Han et al., 2023).

The ability to act as a biomarker for such cancers is seen with OS as well, an aggressive
bone cancer that is more common in early adolescence than adults (Xie et al., 2020). Research
results show how ALOX5-AP acts as an excellent indicator for OS diagnosis, with a high degree of
efficiency as well, applicable to both metastatic and non-metastatic cancer patients (Guan X., et al.,
2020).

2.2 ALOX5-AP & negative impact in acute myeloid leukemia and other cancers

Moreover, acute myeloid leukemia (AML), one of the most common types of acute leukemia,
AML is the most common among adults averaging a 5-year survival rate (X. Y. Chen et al., 2023).
Here, ALOX5-AP was seen to be upregulated in AML being associated to DNA hypomethylation; a
decrease in DNA methylation, which is a molecular change that affects DNA expression, thus
contributing to different diseases and cancers (Song et al., 2024). In AML, gene methylation levels
were lower than in normal conditions, predicting poorer prognosis in AML (X. Y. Chen et al., 2023).
In other words, high expression of ALOX5-AP is correlated with poor prognosis in AML. Similarly,
ALOX5-AP predicts poor prognosis in ovarian cancer, serving as another example of ALOX5-AP’s
role in negatively impacting a patient in the microenvironment (Ye et al., 2021). In the ovarian cancer

TME, studies have confirmed ALOX5-AP’s relation to M2 macrophage infiltration through
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sequencing results (Ye et al., 2021). Overall, patients with higher M2 macrophage infiltration and
ALOX5-AP abundance had the worse outcomes due to its ability to maintain M2 macrophage
recruitment and polarization—the transformation of white blood cells to an anti-inflammatory
phenotype (Xu et al., 2025). ALOX5-AP also increases the risk of breast cancer through multiple
mechanisms in correlation with its biological activities, which will be discussed below.

3. ALOXS5-AP & Immunosuppression

In the tumour microenvironment (TME), ALOX5-AP acts in many different ways. Studies have
shown its link to immune cell infiltration within the TME, especially M2 macrophages, known to
reduce and suppress immune responses and increase the growth of tumors as a result (Ye et al.,
2021). M2 macrophages particularly create a tumour-promoting environment for cancer growth first
by suppressing the immune system’s ability to attack tumour cells. These TAMs also stimulate
angiogenesis, increasing the formation of new blood and lymphatic vessels to supply tumours with
oxygen and nutrients to help tumour growth (Xu et al., 2025). As a result, M2 macrophages help
remodel the TME to create a supportive EMC in order to invade surrounding tissues and metastasize
(Huang et al., 2024). Additionally, M2 macrophages can also induce hypoxic conditions in the TME,
which also help with its progression. Furthermore, M2 macrophages are responsible for tumour
initiation, relapse, and metastasis by promoting cancer stem cell (CSC) development; in particular,
exosomes derived from M2 macrophages maintain CSCs (Zhang et al.,, 2023). ALOX5-AP’s
contribution to M2 macrophage polarization shows the potential to act as a biomarker for
immunotherapies and targets against some cancers, like AML, ovarian, and breast cancer patients
(Guan et al., 2020).

4. ALOX5-AP & Cancer Signaling

ALOX5-AP is involved in many signaling pathways that regulate cancer development and
progression. One of these main pathways is the Wnt/B3-catenin signaling pathway, known for its role
in cell proliferation, differentiation, migration, apoptosis, and even tissue homeostasis (Song et al.,
2024). While many cancers have been linked to this pathway’s cascade dysregulation, ALOX5-AP
is commonly linked to the Wnt/B-catenin pathway in OS. ALOX5-AP suppresses the Wnt/pB-catenin
pathway, which results in suppressing OS growth (Han et al., 2023).

However, ALOX5-AP is also linked to the PISK/Akt/mTOR pathway, where it was found to be
involved with the progression and migration of breast cancer development. Furthermore, ALOX5-AP
may also influence the RhoA and focal adhesion signaling in breast cancer, affecting cancer
migration (Zhou et al., 2020). By impacting the expression and activity of immune-related pathways,
ALOX5-AP thus changes the TME and immune response for many different cancers, in different
ways.

5. Targeting ALOX5-AP & Combined Therapies

Researchers are utilizing ALOX5-AP’s role in promoting an immunosuppressive TME in

different cancers to combine with its inhibitors in other therapies (Xu et al., 2025). Such processes
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include focusing on immune checkpoint inhibitors (Gomes et al., 2018). As well, inhibiting ALOX5-
AP itself can decrease immunosuppressive effects of TAMs like M2 macrophages by reducing its
infiltration into the TME, and thus enhance the efficiency of current immunotherapies (Gur et al.,
2018) . As summarized above, both ALOX5-AP as an immunosuppressor and anti-tumorigenic gene
can act as a biomarker target for different cancers (Xie et al., 2020; Xu et al., 2025).

In other cancers, where ALOX5-AP serves as an anti-tumorigenic gene, combined therapies
are being studied to increase its impact on patients. Although ALOX5-AP has tumour suppressor-
like properties in cancers like OS, combining it with other genes in the AA pathway can enhance
survival rates for these cancer patients (Gilbert et al., 2021). Specifically, 5-LOX does not significantly
improve survival predictions alone; this is why 12-LOX, which exists in the same molecular pathway
can improve overall predictive power (Orafaie et al., 2020). Nevertheless, combinations should be
carefully studied before utilizing them in therapeutic settings. For example, different ALOX5-AP
genotypes can respond differently to other genes and acids, like linoleic acid (Wang et al., 2008).
When combined with high amounts, ALOX5-AP may be correlated with an increased risk of breast
cancer. Consequently, further research regarding ALOX5-AP’s role as a target and in combined
therapies must be conducted in order to fully utilize its properties in developing new diagnostic and
therapeutic strategies.

As a rising potential biomarker target in the ovarian cancer TME, so does its ability to perform
as a immunotherapy target to re-educate macrophages towards the M1 antitumor macrophage
instead (Lim et al., 2023). However, more research and studies must be conducted to fully enhance
these indicator abilities of ALOX5-AP (Song et al., 2024). As such, cancers that are linked to M2
macrophage abundance can turn to immunotherapies that target the inhibition of ALOX5-AP, and
thus the spread of cancerous cells; existing medications or recovery paths may see to be more

effective and responsive as a prognostic biomarker with immunosuppression (Han et al., 2023).

6. Conclusion

In summary, ALOX5-AP contributes to M2 macrophage polarization in cancers like ovarian
cancer and AML, resulting in improving tumour suppressor environments, and cancer promotion in
growth. On the other hand, it also contributes to CD8 T cell infiltration, improving the function of
tumour suppressor genes in osteosarcoma (Song et al., 2024). Depending on which cancer ALOX5-
AP is correlated with, its abilities are involved with many different cancer signaling pathways, such
as the Wnt/B-catenin pathway. Overall, it should be carefully considered as a therapeutic target in

different cancers based on its expression in the respective TMEs.

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 10, 2025 | He 2025



JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7 (NO.2) OCTOBER 10, 2025

References

Anderson, N. M., & Simon, M. C. (2020). The tumor microenvironment. Curr Biol, 30(16), R921—
R925. https://doi.org/10.1016/j.cub.2020.06.081

Bai, C. Y., Zhang, J. Y., Shi, T. W., Bai, Y. Q., Wu, B. L., Du, Z. P., Wu, Z. Y., Xu, X. E., Wang, S.
H., Wu, J. Y., Te,R. Y., Zhang, J. Y., Xu, L. Y., & Li, E. M. (2018). Association between 5-
lipoxygenase expression, and malignant behaviors and poor prognosis in esophageal
squamous cell carcinoma. Oncol Lett, 15(6), 9353-9360.
https://doi.org/10.3892/01.2018.8527

Bejarano, L., Jordao, M. J. C., & Joyce, J. A. (2021). Therapeutic Targeting of the Tumor
Microenvironment. Cancer Discov, 11(4), 933-959. https://doi.org/10.1158/2159-8290.CD-
20-1808

Chen, Y., Zeng, C., Zhang, X., & Hua, Q. (2023). ALOX5AP is an Indicator for High CD8
Lymphocyte Infiltration and "Hot" Tumor Microenvironment in Osteosarcoma: A
Bioinformatic Study. Biochem Genet, 61(6), 2363—-2381. https://doi.org/10.1007/s10528-
023-10374-0

de Visser, K. E., & Joyce, J. A. (2023). The evolving tumor microenvironment: From cancer
initiation to metastatic outgrowth. Cancer Cell, 41(3), 374—403.
https://doi.org/10.1016/j.ccell.2023.02.016

Gilbert, N. C., Newcomer, M. E., & Werz, O. (2021). Untangling the web of 5-lipoxygenase-derived
products from a molecular and structural perspective: The battle between pro- and anti-
infammatory lipid mediators. Biochem Pharmacol, 193, 114759.
https://doi.org/10.1016/j.bcp.2021.114759

Gomes, R. N., Felipe da Costa, S., & Colquhoun, A. (2018). Eicosanoids and cancer. Clinics (Sao
Paulo), 73(suppl 1), €530s. https://doi.org/10.6061/clinics/2018/e530s

Guan, X., Guan, Z., & Song, C. (2020). Expression profile analysis identifies key genes as
prognostic markers for metastasis of osteosarcoma. Cancer Cell Int, 20, 104.
https://doi.org/10.1186/s12935-020-01179-x

Gur, Z. T., Caliskan, B., & Banoglu, E. (2018). Drug discovery approaches targeting 5-
lipoxygenase-activating protein (FLAP) for inhibition of cellular leukotriene biosynthesis. Eur
J Med Chem, 153, 34—48. https://doi.org/10.1016/j.ejmech.2017.07.019

Haeggstrom, J. Z. (2018). Leukotriene biosynthetic enzymes as therapeutic targets. J Clin Invest,
128(7), 2680-2690. https://doi.org/10.1172/JCI197945

Han, G. D., Dai, J., Hui, H. X., & Zhu, J. (2023). ALOX5AP suppresses osteosarcoma progression
via Wnt/beta-catenin/EMT pathway and associates with clinical prognosis and immune
infiltration. J Orthop Surg Res, 18(1), 446. https://doi.org/10.1186/s13018-023-03919-x

Huang, R., Kang, T., & Chen, S. (2024). The role of tumor-associated macrophages in tumor
immune evasion. J Cancer Res Clin Oncol, 150(5), 238. https://doi.org/10.1007/s00432-
024-05777-4

Jo-Watanabe, A., Okuno, T., & Yokomizo, T. (2019). The Role of Leukotrienes as Potential
Therapeutic Targets in Allergic Disorders. Int J Mol Sci, 20(14).
https://doi.org/10.3390/ijms20143580

Kahnt, A. S., Hafner, A. K., & Steinhilber, D. (2024). The role of human 5-Lipoxygenase (5-LO) in
carcinogenesis - a question of canonical and non-canonical functions. Oncogene, 43(18),
1319-1327. https://doi.org/10.1038/s41388-024-03016-1

Kennedy, B. M., & Harris, R. E. (2023). Cyclooxygenase and Lipoxygenase Gene Expression in
the Inflammogenesis of Colorectal Cancer: Correlated Expression of EGFR, JAK STAT and
Src Genes, and a Natural Antisense Transcript, RP11-C67.2.2. Cancers (Basel), 15(8).
https://doi.org/10.3390/cancers15082380

Lim, C. S., Veltri, B., Kashon, M., Porter, D. W., & Ma, Q. (2023). Multi-walled carbon nanotubes
induce arachidonate 5-lipoxygenase expression and enhance the polarization and function
of M1 macrophages in vitro. Nanotoxicology, 17(3), 249—269.
https://doi.org/10.1080/17435390.2023.2204161

Orafaie, A., Mousavian, M., Orafai, H., & Sadeghian, H. (2020). An overview of lipoxygenase
inhibitors with approach of in vivo studies. Prostaglandins Other Lipid Mediat, 148, 106411.
https://doi.org/10.1016/j.prostaglandins.2020.106411

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 10, 2025 | He 2025


https://doi.org/10.1016/j.cub.2020.06.081
https://doi.org/10.3892/ol.2018.8527
https://doi.org/10.1158/2159-8290.CD-20-1808
https://doi.org/10.1158/2159-8290.CD-20-1808
https://doi.org/10.1007/s10528-023-10374-0
https://doi.org/10.1007/s10528-023-10374-0
https://doi.org/10.1016/j.ccell.2023.02.016
https://doi.org/10.1016/j.bcp.2021.114759
https://doi.org/10.6061/clinics/2018/e530s
https://doi.org/10.1186/s12935-020-01179-x
https://doi.org/10.1016/j.ejmech.2017.07.019
https://doi.org/10.1172/JCI97945
https://doi.org/10.1186/s13018-023-03919-x
https://doi.org/10.1007/s00432-024-05777-4
https://doi.org/10.1007/s00432-024-05777-4
https://doi.org/10.3390/ijms20143580
https://doi.org/10.1038/s41388-024-03016-1
https://doi.org/10.3390/cancers15082380
https://doi.org/10.1080/17435390.2023.2204161
https://doi.org/10.1016/j.prostaglandins.2020.106411

JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7 (NO.2) OCTOBER 10, 2025

Song, P., Deng, H., Liu, Y., & Zhang, M. (2024). Integrated bioinformatics analysis and
experimental validation reveal the relationship between ALOX5AP and the prognosis and
immune microenvironment in glioma. BMC Med Genomics, 17(1), 218.
https://doi.org/10.1186/s12920-024-01991-8

Wang, J., John, E. M., & Ingles, S. A. (2008). 5-lipoxygenase and 5-lipoxygenase-activating protein
gene polymorphisms, dietary linoleic acid, and risk for breast cancer. Cancer Epidemiol
Biomarkers Prev, 17(10), 2748—-2754. https://doi.org/10.1158/1055-9965.EPI-08-0439

Weber, C. E., & Kuo, P. C. (2012). The tumor microenvironment. Surg Oncol, 21(3), 172-177.
https://doi.org/10.1016/j.suronc.2011.09.001

Xie, X., Li, Y., Zhu, H., Kuang, Z., Chen, D., & Fan, T. (2020). Prognostic Significance of beta-
Catenin Expression in Osteosarcoma: A Meta-Analysis. Front Oncol, 10, 402.
https://doi.org/10.3389/fonc.2020.00402

Xu, C., Chen, J., Tan, M., & Tan, Q. (2025). The role of macrophage polarization in ovarian cancer:
from molecular mechanism to therapeutic potentials. Front Immunol, 16, 1543096.
https://doi.org/10.3389/fimmu.2025.1543096

Ye, X, An, L., Wang, X., Zhang, C., Huang, W., Sun, C., Li, R., Ma, H., Wang, H., & Gao, M.
(2021). ALOX5AP Predicts Poor Prognosis by Enhancing M2 Macrophages Polarization
and Immunosuppression in Serous Ovarian Cancer Microenvironment. Front Oncol, 11,
675104. https://doi.org/10.3389/fonc.2021.675104

Zhang, W., Zhou, R., Liu, X., You, L., Chen, C., Ye, X, Liu, J., & Liang, Y. (2023). Key role of
exosomes derived from M2 macrophages in maintaining cancer cell stemness (Review). Int
J Oncol, 63(5). https://doi.org/10.3892/ij0.2023.5574

Zhou, X., Jiang, Y., Li, Q., Huang, Z., Yang, H., & Wei, C. (2020). Aberrant ALOX5 Activation
Correlates with HER2 Status and Mediates Breast Cancer Biological Activities through
Multiple Mechanisms. Biomed Res Int, 2020, 1703531.
https://doi.org/10.1155/2020/1703531

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 10, 2025 | He 2025


https://doi.org/10.1186/s12920-024-01991-8
https://doi.org/10.1158/1055-9965.EPI-08-0439
https://doi.org/10.1016/j.suronc.2011.09.001
https://doi.org/10.3389/fonc.2020.00402
https://doi.org/10.3389/fimmu.2025.1543096
https://doi.org/10.3389/fonc.2021.675104
https://doi.org/10.3892/ijo.2023.5574
https://doi.org/10.1155/2020/1703531

