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I
ABSTRACT
Despite advances in diagnosis and treatment, breast cancer is still one of the three most common cancers in the world and a significant cause of morbidity
and mortality. Lipids play a role in many basic physiological pathways in cells, from regulating cell homeostasis to energy expenditure. As in many types of
cancer, changes in lipid metabolism and their relationship have been reported in breast cancer. The STARD3 gene encodes a member of the subfamily of
lipid trafficking proteins. It is a sterol-binding protein that mediates the transport of cholesterol from the endoplasmic reticulum to endosomes. It has been
shown that STARD?3 is correlated with human epidermal growth factor receptor 2 (HER2) amplification since it has the same localization as HER2 in the
chromosome. In this review, we aimed to emphasize that investigating lipid metabolism together with the STARD3 biomarker has great potential not only
for subtype-specific strategies but also for patient-specific strategies.
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Introduction carcinomas originate from the same part of the terminal duct lobular

Breast cancer is the most common malignancy in woman. According
to the Global Cancer Observatory (GLOBOCAN) 2020 datas there
are 2.26 million new cases and more than 680.000 deaths due to
breast cancer globally, which is very concerning (1). Breast cancer can
be classified into 4 molecular subtypes; Luminal A [estrogen receptor
(ER) and progesterone receptor (PR) positive, human epidermal
growth factor receptor 2 (HER2) negative], Luminal B (ER and HER2
positive, PR negative), Basal-Like (ER, PR, HER2 negative) and
HER2-enriched (ER and PR negative, HER2 positive) (2). However,
some researchers classify breast cancer into 5 subtypes by adding
antijen Kiel 67 (Ki67) proliferative markers to the classification.
These subtypes; Luminal A (ER and/or PR positive/HER2 negative/
low Ki67), Luminal B (ER and/or PR positive/HER2 negative/high
Ki67), HER2 positive Luminal B (ER and/or PR positive/ HER2
overexpression/any Ki67), non-Luminal HER2 positive (ER and PR
amplified/HER2 overexpression), Triple Negative (ER/PR/HER2
negative) (3). Molecular classification is vital for predicting prognosis
and clinical outcome, as well as designing treatment strategy based on
patients’ condition.

According to histological classification, invasive ductal carcinoma
accounts for approximately 85% of invasive breast cancers. Breast
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unit. Invasive ductal carcinoma is the most common type of invasive
breast cancer. It accounts for 55% of the incidence of breast cancer
at diagnosis (4). Invasive breast carcinomas subtypes and histological
variants are known well. In general, breast neoplasias can be classified
as carcinoma iz situ (CIS) and invasive carcinoma. Ductal CIS is a
noninvasive and potentially malignant intraductal proliferation of
epithelial cells confined to ducts and lobules. Invasive or infiltrative
carcinoma is the malignant abnormal proliferation of neoplastic cells
that penetrate the stroma trough the duct walls in the breast tissue.
Invasive carcinoma and CIS are classified as ductal and lobular
depending on the site of tumor origin. Cancers arising from the ducts
are called ductal carcinoma, arising from the lobules are called lobular
carcinoma. However, it has now been found that such tumor growth
variation doesn’t correlate with the site or cell of origin but with
whether the tumor cells express E-cadherin (5).

HER2 overexpression is present in approximately 15% to 20% of
breast cancers. It has generally been associated with an increased risk of
the development of systemic metastases and poor survival intracumoral
heterogeneity of HER2 expression has been described in 16-36%
of HER2-positive BC patients and it is defined as the presence of
varying degrees of HER2 overexpression in different areas of the same
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tumor (6). In the HER2-positive group, targeted therapies have been
studied mostly in metastatic cases. It has been shown that HER2
overexpression is associated with short disease-free survival and overall
survival in node-positive cases. Although the biological consequences
of HER2 overexpression on the prognosis of HER2-positive breast
cancer and its predictive significance for anti-HER2 therapy are widely
understood, the evidence regarding HER2-low breast cancers has been
relatively ambiguous, particularly regarding whether it constitutes a
separate biological or clinical subtype (7).

Despite the large amount of funding and personnel devoted to breast
cancer research over many years, the ethology of breast cancer is not
yet fully understood. Treatment resistance and recurrence in breast
cancer patients remain unresolved. Because it is a disease with high
heterogeneity, the treatment and prognosis of patients are quite

different.

Lipid Metabolism-Breast Cancer Correlation

Lipids are in the class of water-insoluble metabolites. Lipid types vary
from 10.000 to millions depending on molecular classification (8).
Despite this heterogeneity, most lipid molecules consist of fatty acids
and cholesterol. The numerous studies to date identifying proteins
and genes expressed in cancer cells have almost always identified lipid
metabolism as one of the main processes affected. One of the most
important characteristics of this condition is that cancer cells depend
on the source of fatty acids and cholesterol. This requirement is linked
to the increasing need for membranes that support cell growth and
division and provide energy to fuel cellular processes such as metastasis

).

Early studies on lipid metabolism and cancer revealed increasing
cholesterol levels and changes on phospholipids in tumor tissues.
Studies with radioactive substrates in the early 1960s has shown that
cancer cells exhibit a dynamic lipid metabolism and actively synthesize
and uptake lipids (10, 11). Its known that lipid metabolism is
reprogrammed in tumors. Lipids are can be used on hormonal therapy
in the future due to this reprogrammed cholesterol metabolism
is association with migration, invasion and cell proliferation on
endocrine related cancers (12, 13).

Recent studies have shown characteristic changes in lipid parameters
between patients with invasive breast cancer and patients with benign
breast tumors. Moreover, these changes were also seen in patients with
different molecular types of breast cancer. In addition, postoperative
chemotherapy has been found to cause abnormal plasma lipid
metabolism changes in breast cancer patients (14). Similarly, it has
been thought lipid transduction may be necessary for carcinogenesis
and survival in breast cancer (15, 16). However, although many studies
have shown the effect of lipid metabolism on carcinogenesis, data on
its effects on breast cancer recurrence and survival are limited (17-19).

Some studies have shown that low-density lipoprotein cholesterol
(LDL-c) is not associated with breast cancer risk, but serum LDL-c
levels may be marker of breast cancer progression (20-22). However,
it was demonstrated that significant up-regulation of LDL receptor
increased LDL uptake in cancer cells because of the demand of rapid
proliferation (23, 24). One recent meta-analysis, based mostly on case-
control studies, concluded that high triglyceride levels increase the risk
of breast cancer by 8% and low high-density lipoprotein cholesterol
(HDL-c) levels increase the risk of breast cancer by 38% (25). Bhat et
al. (26) in their study, they found that there was no significant change

in HDL-c levels when they compared breast cancer patients with
the control group. Borrelli et al. (27) have found that revers relation
between HDL-c and breast cancer risk and argued that HDL-c is a
biochemical marker that may be associated with an increased risk of
breast cancer. In another study, it was observed that oxidized LDL-c
levels were also high in breast cancer patients with high blood LDL-c
levels, and it was concluded that oxidized LDL-c was associated with
the risk of breast cancer. However, it has been suggested that HDL-c is
less sensitive to peroxidation due to its lipid and Apo protein content,
and therefore acts as an anti-oxidant because it cannot produce reactive
oxygen species (28).

STARD3

STARD?3 (StAR Related Lipid Transfer Domain Containing 3), also
known as metastatic lymph node protein 64 (MLNG64), is a sterol-
binding protein that forms endoplasmic reticulum-endosome contact
areas. The STARD3 gene located in the q12-q21 zone on chromosome
17 and encodes a protein containing two separate domains. The
N-terminus of this protein has the feature of a potential trans
membrane region, C-terminus has the same homology to a protein
involved in steroid hormone synthesis. Some studies have suggested
that the second domain is present in proteins involved in various cell
functions and has 37% similarity to STAR (29-31). STARD3 gene
encodes a cholesterol-binding membrane protein (31, 32) and two
different cell culture studies conducted in 2005 and 2010 it was shown
that this protein may be involved in the actin-dependent movement
of late endosytic organelles and cholesterol transfer between this
organelles and other membrane-dependent organelles such as
mitochondria (33, 34). Due to its activity in lipid metabolism, it has
been a matter of curiosity whether STARD3 has any activity in cancer
types that may be related to lipid-based hormones. Based on this idea,
when its relationship with androgen-dependent breast cancer was
investigated, it was seen that STARD3 was closely related to HER2
and it was suggested that STARD3 contributed to proliferation in
HER2 cell lines (35). In a study conducted using the quantitative
polymerase chain reaction method with DNA samples obtained from
frozen tumor samples, the amplification of genes co-localized with
HER2 [mediator complex subunit 1 (MED1), STARD3, HER2,
growth factor receptor bound protein 7 (GRB7), thyroid hormone
receptor alpha (THRA), retinoic acid receptor alpha (RARA), DNA
topoisomerase II alpha (TOP2A), insulin like growth factor binding
protein 4 (IGFBP4), C-C motif chemokine receptor 7 (CCR7), keratin
20 (KRT20), keratin 19 (KRT19) and gastrin (GAS)] in HER2+ cell
lines was evaluated. As a result of the study, it was shown that HER2
amplification and STARD3 were correlated (36). To determine the
functional interactions of the STARD3 protein in cellular processes,
STRING network analysis was applied. Protein-protein interactions
with the top 5 proteins in the shell [MOSPD2 (motile sperm domain-
containing protein 2), PGAP3 (post-GPI attachment to proteins
factor 3;), STARD3NL (STARD3 N-terminal-like protein), VAPA
(vesicle-associated membrane protein-associated protein A), VAPB
(vesicle-associated membrane protein-associated protein B/C)] fell
within a homology score range of 0.990-0.940 and were statistically
highly significant (p<0.05) (Figure 1). Various mechanisms have
been proposed regarding STARD3’s ability to increase plasma
membrane cholesterol. One of these mechanisms involves the
newly synthesized STARD3 protein moving to late endocytic
organelles via the plasma membrane, thereby increasing cholesterol
accumulation in the organelles. The increased cholesterol in late
endocytic organelles containing STARD3 can become transportable
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Figure 1. The schematic representation of predicted protein-protein interactions of STARD3 in the STRING database

STARD3: StAR Related Lipid Transfer Domain Containing 3

to the plasma membrane. Finally, the accumulated cholesterol inside
the cell is transferred from the endoplasmic reticulum to the plasma
membrane (37). In this way, the increased biosynthetic activity of
cholesterol observed in cells overexpressing STARD3 also facilitates
enrichment of plasma membrane cholesterol. In cells overexpressing
STARD3, an increase in mRNA levels encoding HMGR, the rate-
limiting cholesterol biosynthesis enzyme, has been observed. Increased
cholesterol biosynthesis, especially under low nutrient conditions
where membrane biogenesis is limited, allows cells to continue survival
and division (38). STARD3 has been determined to play a role in the
development of various types of cancer, such as colorectal, prostate
and stomach cancers (39). However, STARD3 was found to have the
highest expression levels in breast cancer tissues compared to other
types of cancer such as prostate and liver cancers (40).

STARD?3- Breast Cancer Correlation

In recent years, considering the effect of STARD3 on cells, it has been
a matter of curiosity whether it is effective in the lipid metabolism
changes seen in breast cancer patients.

Vassilev et al. (38) produced polyclonal rabbit antibodies against the
START domain of human STARD3 for the role of the STARD3
protein in breast cancer cells and tissues. These antibodies have been
used to suppress STARD3 expression in breast cancer patients and
have shown reduced survival of tumor cells in patients given the
antibody. In the same study, to gain insight into how STARD3 may
support cell survival independent of HER2 amplification generated
MCF-7 (HER2-negative) breast cancer cells stably overexpressing
STARD3-green fluorescent protein (GFP) or soluble GFP as a
control. Remarkably, the overall morphological features of STARD3-
GFP high-expressing cells appeared to be strikingly different from
those of control GFP cells. STARD3-GFP cell clusters appeared to
have increased filipin density, especially at the plasma membrane,
compared with control cells. This raises the possibility that STARD3-

overexpressing cells may have high cholesterol content. However,

based on biochemical cholesterol determination, the total amount of
cellular free cholesterol in STARD3-GFP cells was not increased but
rather slightly decreased compared with control cells. Based on this,
it was concluded that overexpression of STARD3 causes changes in
cellular cholesterol distribution and homeostatic control, increasing
plasma membrane cholesterol but decreasing ER cholesterol (38).

In 2006, Kao and Pollack (41) investigated the impact of targeted
disruption of various genes associated with HER2/neu on cell
function. They demonstrated a significant correlation between the
inactivation of STARD3 and GRB7 with decreased cell proliferation
and progression of the cell cycle, suggesting that the amplification of
these genes and the overexpression of their encoded proteins could
play a role in cellular tumorigenesis. An immunohistochemical study
in breast cancer patients revealed higher expression of STARD3 in
malignant breast tissue compared to normal breast tissue, which was
associated with tumor size and histological grade. The study concluded
that STARD3 could be a potential marker in HER2+ breast cancer
patients (42). Silencing STARD3 by siRNA in HER2+ breast cancer
cell lines induced apoptosis, suggesting that STARD3 may be necessary
for the growth and survival of these cells (43). Similarly, a study by Li
et al. (44) found that patients with high STARD3 expression had a
lower survival rate compared to those with low expression. The study
also demonstrated that inhibiting STARD3 expression reduced PI3K/
AKT/mTOR pathway activity and induced apoptosis in MCF-7 cell

lines.

Using traditional qualitative PCR and various bioinformatics websites
such as Oncomine, GEPIA (gene expression profiling interactive
analysis), and Expression Atlas, the expression of STARD3 at mRNA
and protein levels in breast cancer was examined. The impact of
STARD3 as a prognostic and diagnostic biomarker was assessed. The
study revealed that the mRNA expression of STARD3 was significantly
higher in HER2+ cell lines compared to ER+ normal cell lines. Based
on this, STARD3 was suggested to be a potential diagnostic and
prognostic biomarker for HER2+ breast cancer (40). Lodi et al. (45)
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investigated the relationship between STARD3 expression and breast
cancer-specific survival, comparing it with other relevant patient
and tumor characteristics in HER2+ series. In this study, STARD3
DNA copy number showed a strong positive correlation with
HER2 DNA copy number. Both STARD3 DNA copy number and
RNA expression were found to be strongly associated with HER2.
Vinatzer et al. (46) based on their measurements using quantitative
RT-PCR, concluded that the overexpression of STARD3 enhances
the prognostic power of HER2 overexpression for disease-free
survival in breast cancer patients. It has been shown that MLNG4
and HER?2 genes share common transcriptional controls along with
a physical connection on chromosome 17q. Based on this, they
hypothesized that, in addition to the oncogenic potential of HER2
overexpression, the unbalanced effect of MLNG64 contributes to poor
clinical outcomes in breast tumors carrying this amplified region
(47). HER2 amplification is present in 13—-15% of breast cancer
cases and biologically leads to a more aggressive malignancy by
increasing sensitivity to chemotherapy in cells (48). Furthermore, the
evaluation of response to anti-HER2 agents used in chemotherapy
is of great importance in treatment monitoring (49). In a study
examining STARD3 expression in HER2+ breast cancer patients, a
strong correlation was observed between STARD3 and HER2 DNA
amplification and RNA expression. Based on these findings, it has
been suggested that STARD3 could be evaluated as a subgroup for
HER2+ breast cancer, potentially used in treatment planning and
patient prognosis monitoring (45). In a similar study, it was observed
that STARD3 expression is higher in HER2+ patients compared to
HER2-. It has been suggested that STARD3 may have an impact on
overall survival, recurrence-free survival, and non-metastatic survival
(40). The STARD3 inhibitor has recently been developed and
tested in various breast and colon cancer cell lines (50). The study
results are promising, but it is a fact that further in vizro and in vivo
research is needed.

Studies conducted in recent years support that STARD3 may be a
potential biomarker in the diagnosis of breast cancer, especially since it
originates from the same gene region as HER2. However, the limitations
of the data we have and the limited number of studies and patient
population should also be taken into consideration. Elucidating the
molecular mechanism of STARD3 function will provide new insights
into its mechanism of action. Future studies will provide evidence on
how to regulate the molecule’s lipid transfer activities and its role in
breast cancer treatment.

Authorship Contributions

Concept: AN.K,, N.I; Design: A.N.K., N.I; Data Collection or
Processing: A.N.K., N.I; Analysis or Interpretation: AN.K., N.I;
Literature Search: A.N.K., N.L; Writing: AN.K., N.I

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declare that this study received no
financial disclosure.

References

1. Sung H, Ferlay J, Siegel R, Laversanne M, Soerjomataram I, Jemal A, et
al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |
Clin 2021; 71: 209-249. (PMID: 33538338) [Crossref]

Clarke CA, Keegan TH, Yang ], Press DJ, Kurian AW, Patel AH, et
al. Age-Specific Incidence of Breast Cancer Subtypes: Understanding
the Black—White Crossover. ] Natl Cancer Inst 2012; 104: 1094-1101.
(PMID: 22773826) [Crossref]

Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thiirlimann B, Senn
HJ, et al. Strategies for subtypes--dealing with the diversity of breast
cancer: highlights of the St. Gallen International Expert Consensus on
the Primary Therapy of Early Breast Cancer 2011. Ann Oncol 2011; 22:
1736-1747. (PMID: 21709140) [Crossref]

Eheman CR, Shaw KM, Ryerson AB, Miller JW, Ajani UA, White MC.
The changing incidence of in situ and invasive ductal and lobular breast
carcinomas: United States, 1999-2004. Cancer Epidemiol Biomarkers
Prev 2009; 18: 1763-1769. (PMID: 19454615) [Crossref]

Copyright. Robbins and Cotran Pathologic Basis of Disease 2010. hteps://
www.nobelkitabevi.com.tr/patoloji-/9375-robbins-cotran-pathologic-
basis-of-disease-10th-edition-9780323609920.html [Crossref]

Dieci M, Miglietta F, Griguolo G, Guarneri V. Biomarkers for HER2-
positive metastatic breast cancer: Beyond hormone receptors. Cancer

Treat Rev 2020; 88: 102064. (PMID: 32622272) [Crossref]

Tarantino P, Curigliano G, Tolaney S. Navigating the HER2-Low
Paradigm in Breast Oncology: New Standards, Future Horizons. Cancer
Discov 2022; 12: 2026-2030. (PMID: 35856622) [Crossref]

Lydic TA, Goo YH. Lipidomics unveils the complexity of the lipidome
in metabolic diseases. Clin Transl Med 2018; 7: 4. (PMID: 29374337)
[Crossref]

Butler L, Perone Y, Dehairs J, Lupien L, de Laat V, Talebi A, et al. Lipids
and cancer: Emerging roles in pathogenesis, diagnosis and therapeutic
intervention. Adv Drug Deliv Rev 2020; 159: 245-293. (PMID:
32711004) [Crossref]

Spector A, Steinberg D. Relationship between fatty acid and glucose
utilization in Ehrlich ascites tumor cells. ] Lipid Res 1966; 7: 657-663.
(PMID: 5971047) [Crossref]

Tator CH, Evans JR, Olszewski J. Tracers for the detection of brain tumors.
Evaluation of radioiodinated human serum albumin and radioiodinated

fatty acid. Neurology 1966; 16: 650-661. (PMID: 5949432) [Crossref]

Huang B, Song B, Xu C. Cholesterol metabolism in cancer: mechanisms
and therapeutic opportunities. Nat Metab 2020; 2: 132-141. (PMID:
32694690) [Crossref]

RevillaG, Cedé L, Tondo M, Moral A, Pérez]1, Corcoy R, etal. LDL, HDL
and endocrine-related cancer: From pathogenic mechanisms to therapies.

Semin Cancer Biol 2021; 73: 134-157. (PMID: 33249202) [Crossref]
Buch K, Gunmalm V, Andersson M, Schwarz P, Brens C. Effect of

chemotherapy and aromatase inhibitors in the adjuvant treatment of
breast cancer on glucose and insulin metabolism—A systematic review.

Cancer Med 2019; 8: 238-245. (PMID: 30561133) [Crossref]
Cruz PM, Mo H, McConathy W], Sabnis N, Lacko AG. The role of

cholesterol metabolism and cholesterol transport in carcinogenesis: a
review of scientific findings, relevant to future cancer therapeutics. Front
Pharmacol 2013; 4: 119. (PMID: 24093019) [Crossref]

Gorin A, Gabitova L, Astsaturov I. Regulation of cholesterol biosynthesis
and cancer signaling. Curr Opin Pharmacol 2012; 12: 710-716. (PMID:
22824431) [Crossref]

Broadfield L, Pane A, Talebi A, Swinnen ], Fendt S. Lipid metabolism in
cancer: New perspectives and emerging mechanisms. Dev Cell 2021; 56:
1363-1393. (PMID: 33945792) [Crossref]

Onwuka JU, Okekunle AP, Olutola OM, Akpa OM, Feng R. Lipid
profile and risk of ovarian tumours: a meta-analysis. BMC Cancer 2020;
20: 200. (PMID: 32164586) [Crossref]

Touvier M, Fassier B, His M, Norat T, Chan D, Blacher J, et al. Cholesterol

and breast cancer risk: a systematic review and meta-analysis of prospective

studies. Br J Nutr 2015; 114: 347-357. (PMID: 26173770) [Crossref]


https://doi.org/10.3322/caac.21660
https://doi.org/10.1093/jnci/djs264
https://doi.org/10.1093/annonc/mdr304
https://doi.org/10.1158/1055-9965.EPI-08-1082
https://www.nobelkitabevi.com.tr/patoloji-/9375-robbins-cotran-pathologic-basis-of-disease-10th-edition-9780323609920.html
https://doi.org/10.1016/j.ctrv.2020.102064
https://doi.org/10.1158/2159-8290.CD-22-0703
https://doi.org/10.1186/s40169-018-0182-9
https://doi.org/10.1016/j.addr.2020.07.013
https://pubmed.ncbi.nlm.nih.gov/5971047
https://doi.org/10.1212/wnl.16.7.650
https://doi.org/10.1038/s42255-020-0174-0
https://doi.org/10.1016/j.semcancer.2020.11.012
https://doi.org/10.1002/cam4.1911
https://doi.org/10.3389/fphar.2013.00119
https://doi.org/10.1016/j.coph.2012.06.011
https://doi.org/10.1016/j.devcel.2021.04.013
https://doi.org/10.1186/s12885-020-6679-9
https://doi.org/10.1017/S000711451500183X

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Korucu and Inandiklioglu. Is STARD3 A New Biomarker for Breast Cancer?

Rodrigues Dos Santos C, Fonseca I, Dias S, Mendes de Almeida JC.
Plasma level of LDL-cholesterol at diagnosis is a predictor factor of breast
tumor progression. BMC Cancer 2014; 14: 132. (PMID: 24571647)
[Crossref]

Orho-Melander M, Hindy G, Borgquist S, Schulz C, Manjer J, Melander
O, et al. Blood lipid genetic scores, the HMGCR gene and cancer risk:
a Mendelian randomization study. Int J Epidemiol 2018; 47: 495-505.
(PMID: 29165714) [Crossref]

Beeghly-Fadiel A, Khankari N, Delahanty R, Shu X, Lu Y, Schmidt
M, et al. A Mendelian randomization analysis of circulating lipid traits
and breast cancer risk. Int ] Epidemiol 2020; 49: 1117-1131. (PMID:
31872213) [Crossref]

Ganjali S, Ricciuti B, Pirro M, Budler A, Atkin S, Banach M, et al. High-
Density Lipoprotein Components and Functionality in Cancer: State-of-
the-Art. Trends Endocrinol Metab 2019; 30: 12-24. (PMID: 30473465)
[Crossref]

Johnson KE, Siewert KM, Klarin D, Damrauer SM; VA Million Veteran
Program; Chang KM, et al. The relationship between circulating
lipids and breast cancer risk: A Mendelian randomization study. PLoS
Med 2020; 17: ¢1003302. (PMID: 32915777) [Crossref]

Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI,
Rafaniello C, et al. Metabolic syndrome and postmenopausal breast
cancer: systematic review and meta-analysis. Menopause 2013; 20: 1301-

1309. (PMID: 23571527) [Crossref]

Bhat S, Mir M, Majid S, Reshi A, Husain I, Hassan T, et al. Serum Lipid
Profile of Breast Cancer Patients in Kashmir. ] Invest Biochem 2013; 2:
26. [Crossref]

Borrelli R, del Sordo G, De Filippo E, Contaldo F, Parisi V, Beneduce
G. High Serum HDL-Cholesterol in Pre- and Post-Menopausal Women
with Breast Cancer in Southern Italy. Adv Exp Med Biol 1993; 348: 149-
153. (PMID: 8172018) [Crossref]

Delimaris I, Faviou E, Antonakos G, Stathopoulou E, Zachari A,
Dionyssiou-Asteriou A. Oxidized LDL, serum oxidizability and serum
lipid levels in patients with breast or ovarian cancer. Clin Biochem 2007;

40: 1129-1134. (PMID: 17673194) [Crossref]

Alpy E Tomasetto C. Give lipids a START: the StAR-related lipid transfer
(START) domain in mammals. J Cell Sci 2005; 118: 2791-2801. (PMID:
15976441) [Crossref]

Soccio RE, Breslow JL. StAR-related Lipid Transfer (START) Proteins:
Mediators of Intracellular Lipid Metabolism. ] Biol Chem 2003; 278:
22183-22186. (PMID: 12724317) [Crossref]

Tsujishita Y, Hurley JH. Structure and lipid transport mechanism of
a StAR-related domain. Nat Struct Biol 2000; 7: 408-414. (PMID:
10802740) [Crossref]

Alpy F, Tomasetto C. MLN64 and MENTHO, two mediators of
endosomal cholesterol transport. Biochem Soc Trans 2006; 34: 343-345.
(PMID: 16709157) [Crossref]

Halted-Vuori M, Alpy E Tanhuanpii K, Jokitalo E, Mutka AL, Tkonen
E. MLNG64 Is Involved in Actin-mediated Dynamics of Late Endocytic
Organelles. Mol Biol Cell 2005; 16: 3873-3886. (PMID: 15930133)
[Crossref]

Charman M, Kennedy BE, Osborne N, Karten B. MLNG64 mediates
egress of cholesterol from endosomes to mitochondria in the absence of
functional Niemann-Pick Type C1 protein. ] Lipid Res 2010; 51: 1023-
1034. (PMID: 19965586) [Crossref]

Kauraniemi B, Kallioniemi A. Activation of multiple cancer-associated
genes at the ERBB2 amplicon in breast cancer. Endocr Relat Cancer 2006;
13: 39-49. (PMID: 16601278) [Crossref]

Lamy PJ, Fina E Bascoul-Mollevi C, Laberenne AC, Martin PM, Ouafik
L, et al. Quantification and clinical relevance of gene amplification at

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

chromosome 17q12-g21 in human epidermal growth factor receptor
2-amplified breast cancers. Breast Cancer Res 2011; 13: R15. (PMID:
21288332) [Crossref]

Kanerva K, Uronen RL, Blom T, Li S, Bittman R, Lappalainen P, et
al. LDL Cholesterol Recycles to the Plasma Membrane via a Rab8a-
Myosin5b-Actin-Dependent Membrane Transport Route. Dev Cell 2013;
27:249-262. (PMID: 24209575) [Crossref]

Vassilev B, Sihto H, Li S, Holtti-Vuori M, Ilola J, Lundin J, et al. Elevated
levels of StAR-related lipid transfer protein 3 alter cholesterol balance and
adhesiveness of breast cancer cells: potential mechanisms contributing
to progression of HER2-positive breast cancers. Am ] Pathol 2015; 185:
987-1000. (PMID: 25681734) [Crossref]

QiuY, Zhang ZY, DuWD, Ye L, Xu S, Zuo XB, et al. Association analysis
of ERBB2 amplicon genetic polymorphisms and STARD3 expression
with risk of gastric cancer in the Chinese population. Gene 2014; 535:
225-232. (PMID: 24291029) [Crossref]

Fararjeh AFS, Al Khader A, Kaddumi E, Obeidat M, Al-Fawares O.
Differential Expression and Prognostic Significance of STARD3 Gene
in Breast Carcinoma. Int J Mol Cell Med 2021; 10: 34-41. (PMID:
34268252) [Crossref]

Kao J, Pollack JR. RNA interference-based functional dissection of the
17q12 amplicon in breast cancer reveals contribution of coamplified
genes. Genes Chromosomes Cancer 2006; 45: 761-769. (PMID:
16708353) [Crossref]

Fararjeh A, Kaddumi E, Al-Khader A, Aburayyan W. The significance
of StAR-related lipid transfer protein-3 expression in breast cancer. Pol ]
Pathol 2022; 73: 215-222. (PMID: 36734436) [Crossref]

Sahlberg KK, Hongisto V, Edgren H, Mikeld R, Hellstrom K, Due EU,
et al. The HER2 amplicon includes several genes required for the growth
and survival of HER2 positive breast cancer cells. Mol Oncol 2013; 7:
392-401. (PMID: 23253899) [Crossref]

Li P Zhang Z, Lv H, Sun P. Inhibiting the expression of STARD3
induced apoptosis via the inactivation of PI3K/AKT/mTOR pathway on
ER* breast cancer. Tissue Cell 2022; 79: 101971. (PMID: 36375355)
[Crossref]

Lodi M, Voilquin L, Alpy F, Moli¢re S, Reix N, Mathelin C, etal. STARD3:
A New Biomarker in HER2-Positive Breast Cancer. Cancers (Basel) 2023;
15: 362. (PMID: 36672312) [Crossref]

Vinatzer U, Dampier B, Streubel B, Pacher M, Seewald M]J, Stratowa C. et
al. Expression of HER2 and the Coamplified Genes GRB7 and MLN64 in
Human Breast Cancer: Quantitative Real-time Reverse Transcription-
PCR as a Diagnostic Alternative to Immunohistochemistry and
Fluorescence In situ Hybridization. Clin Cancer Res 2005; 11: 8348-
8357. (PMID: 16322295) [Crossref]

Alpy F, Boulay A, Moog-Lutz C, Andarawewa KL, Degot S, Stoll I, et
al. Metastatic lymph node 64 (MLNG64), a gene overexpressed in breast
cancers, is regulated by Sp/KLF transcription factors. Oncogene 2003;
22:3770-3780. (PMID: 12802284) [Crossref]

Harbeck N, Penault-Llorca F Cortes J, Gnant M, Houssami N,
Poortmans B, et al. Breast cancer. Nat Rev Dis 2019; 5: 66. (PMID:
31548545) [Crossref]

Sapino A, Goia M, Recupero D, Marchio C. Current Challenges for
HER?2 Testing in Diagnostic Pathology: State of the Art and Controversial
Issues. Front Oncol 2013; 3: 129. (PMID: 23734345) [Crossref]

Lapillo M, Salis B, Palazzolo S, Poli G, Granchi C, Minutolo E, et al. First-
of-its-kind STARD, Inhibitor: 7n Silico Identification and Biological
Evaluation as Anticancer Agent. ACS Med Chem Lett 2019; 10: 475-
480. (PMID: 30996782) [Crossref]

93


https://doi.org/10.1186/1471-2407-14-132
https://doi.org/10.1093/ije/dyx237
https://doi.org/10.1093/ije/dyz242
https://doi.org/10.1016/j.tem.2018.10.004
https://doi.org/10.1371/journal.pmed.1003302
https://doi.org/10.1097/GME.0b013e31828ce95d
https://doi.org/10.1007/978-1-4615-2942-2_17
https://doi.org/10.1016/j.clinbiochem.2007.06.007
https://doi.org/10.1242/jcs.02485
https://doi.org/10.1074/jbc.R300003200
https://doi.org/10.1038/75192
https://doi.org/10.1042/BST0340343
https://doi.org/10.1091/mbc.e04-12-1105
https://doi.org/10.1194/jlr.M002345
https://doi.org/10.1677/erc.1.01147
https://doi.org/10.1186/bcr2824
https://doi.org/10.1016/j.devcel.2013.09.016
https://doi.org/10.1016/j.ajpath.2014.12.018
https://doi.org/10.1016/j.gene.2013.11.030
https://doi.org/10.22088/IJMCM.BUMS.10.1.34
https://doi.org/10.1002/gcc.20339
https://doi.org/10.5114/pjp.2022.124489
https://doi.org/10.1016/j.molonc.2012.10.012
https://doi.org/10.1016/j.tice.2022.101971
https://doi.org/10.3390/cancers15020362
https://doi.org/10.1158/1078-0432.CCR-05-0841
https://doi.org/10.1038/sj.onc.1206500
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.3389/fonc.2013.00129
https://doi.org/10.1021/acsmedchemlett.8b00509



