Importance of Retinoic Acid Derivatives
in Breast Cancer: A Literature Review
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ABSTRACT

Due to its specific accumulation in breast tissue and lower hazardous effects, Retinoic Acid (RA) has become increasingly popular
in the treatment of Breast Cancer (BC). RA modulates the proliferative activity of BC cells and aids in the redifferentiation of
cancer cells into normal breast epithelial cells. The HOXA5 regulates RA (homeobox A5) gene through Retinoic Acid Receptors
(RAR) and Retinoid X Receptors (RXR) (-a, -p and -y) and governs numerous cellular processes, including cellular metabolism and
both primary and secondary programmed cell death. RA impairs oestrogen signalling in BC by activating Lysine-Specific histone
Demethylase 1 (LSD1) proteins. RA downregulates the survivin protein when combined with other drugs like tamoxifen, taxol and
interferon, thereby sensitising BC cells and promoting the progression of cell death. Through cadherin-mediated junction formation,
RA regulates mammary gland homeostasis, causing BC cells to undergo lactogenic differentiation, which results in an epithelial
phenotype. In the third phase of a mammary carcinoma prevention ftrial, retinoids reduce the incidence of second BC in older
women by modulating the levels of Insulin-like Growth Factor (IGF-I) and Insulin-Like Growth Factor Binding Protein (IGFBP-3),
which is its main binding protein, both of which have been connected to an increased risk of BC. Women taking tamoxifen with
fenretinide experience a significantly lower rate of hot flashes compared to those taking tamoxifen alone. All-Trans Retinoic Acid
(ATRA) reduces the hypercoagulation markers when taken alongside tamoxifen; hence, this combination is recommended for
preoperative BC patients. RA derivatives combined with immunotherapy delay the recurrence of BC by increasing lymphocytes and
natural killer cells. Targeting Breast Cancer Stem Cells (BCSC) is an effective strategy for BC management, with retinoids acting
against BC by targeting BCSC. Thus, RA may help prevent chemotherapy resistance and reduce the recurrence of BC in multiple
ways; still, further research is essential for an in-depth understanding of RA and BC.
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INTRODUCTION can assemble into heterodimers to activate their downstream
The RA (a vitamin A derivative) is involved in processes such as ~ targets by binding to RA Response Elements (RARE), which is
cellular proliferation, modification, embryogenesis, programmed  considered the classical or genomic pathway of RA. This pathway
cell death, the formation of neural cells, immune function and
regulating skin functions, which include epidermal keratinisation,
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stimulates cell differentiation, halts the cell cycle, and ultimately
induces programmed cell death [5].

Epidemiology of Breast Cancer (BC)

The BC affects more females worldwide than any other type
of carcinoma, accounting for 11.9% of all carcinoma cases. It is
projected to overtake pulmonary cancer as the primary cause of
cancer incidence globally in 2020 [6]. According to epidemiological
studies, there will be approximately two million BC cases worldwide
by the year 2030, and by 2050, new cases and deaths are expected
to increase by 38% and 68%, respectively [7-9]. In India, the cervix
was the primary site of cancer in 1990. However, by the years 2000-
2003, the situation had changed, and all cancer registries now list
BC as the most common site of the disease, with the exception
of some suburban registries [10]. In major cities of India, such as
Chennai, Delhi and Mumbai, there has been a noticeable rising
trend in BC registrations [11]. In India, there were 536,000 prevalent
cases (ranging from 474,000 to 584,000) and an estimated 118,001
incident cases (95% confidence interval: 107,000-130,000) in
2016, with 97.9% of the incident cases occurring in females [12].
The age-standardised incidence rates of BC in women increased by
39.1% from 1990 to 2016 (96% confidence interval: 5.1 to 85.6),
with this rise observed across all states of the union [13]. According
to Globocan figures for 2020, BC had a cumulative risk of 2.81
and was responsible for 10.6% (90,408) of all fatalities and 13.5%
(178,361) of all cancer cases in India. The estimated number of BC
cases in the state of Maharashtra was 14,726, 15,522 and 16,358
in the years 2016, 2017, and 2018, respectively [14].

Retinoic Acid (RA) and Breast Cancer (BC)

The RA is extensively used to prevent and treat cancer due to
its anticancer, anti-inflammatory and receptor-binding properties
[15]. Generally, RA acts as an attacker against cancerous cells in
the body. It helps differentiate the cells, blocks their growth and
induces apoptosis. As the number of cancerous cells increases,
RA can combine with other drugs to form chemotherapeutic
agents to combat them. A RA-binding protein is crucial in the fight
against BC cells. RA modulates the proliferative activity of BC cells,
redifferentiating breast epithelial cells that have been transformed
into cancerous cells and preventing further cell transformation in
the body [16].

HOXA5 (homeobox A5) is the protein-coding gene regulated by
RA through the RAR, which induces programmed cell death in BC
[Table/Fig-3] [17].

Apoptosis &
Other Pm-y-/

[Table/Fig-3]: RA mechanism of action in Breast Cancer [17].
TAM: Tamoxifen; ERB: Oestrogen receptor beta; RA: Retinoic acid; RAR: Retinoic acid receptor;
RARE: Retinoic acid response element

Aldehyde dehydrogenase 1A3 (ALDH1A3) promotes the growth of
BC through various signalling pathways. RA regulates these signals
and helps to prevent the metastasis of BC. Additionally, RA exhibits
alterations in oestrogen signalling through the activation of LSD1,
which controls gene expression as a transcriptional repressor or
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activator via cyclic Adenosine Monophosphate (CAMP)-dependent
protein kinase in breast carcinoma [18,19]. In combination with other
drugs such as tamoxifen, taxol and interferon, RA downregulates
survivin through its synergistic effects, which sensitises BC cells
and promotes the progression of mitosis, leading to apoptosis [20].
In breast tumour cells, the sensitivity to RA can be enhanced and
restored by curcumin, which also shows efficacy in triple-negative
breast tumour cells [21].

Tumour-associated cells are known to be inhibited and differentiated
by ATRA, thus acting as an antitumour agent. It can also initiate
secondary apoptosis if apoptotic cells are not removed by
phagocytic cells. ATRA regulates mammary gland homeostasis,
causing BC cells to differentiate into lactogenic cells and facilitating
cadherin-mediated junction formation to generate an epithelial-like
phenotype [22]. RA interacts with the protein kinase C system, which
might be a probable mechanism of RA; hence, ATRA combined
with PKC inhibitors could be an effective strategy against hormone-
independent BC proliferation [23].

Standard BC cell lines, such as MCF-7 and CAL-51, are highly
sensitive to RA and show significant cytotoxic and morphological
changes compared to normal cell lines like HBL-100. RA’s effects
on other local BC cell lines, such as AMK 13 (an Iragi woman-
derived breast cell line), indicate that RA is more sensitive than other
international BC cell lines [24].

RA mechanism of inhibition of BC: By activatingand/or suppressing
specific genes, retinoids can prevent the growth of tumours and
alter some characteristics of fully transformed malignant cells. RA
exhibits both direct and indirect inhibitory effects on malignant BC
cells by engaging numerous signal transduction pathways and
influencing gene expression. Many cellular processes, such as
development, differentiation, and apoptosis, are regulated by the
binding of retinoids to nuclear receptors known as RXR and RAR.
Each of these receptors has three types, named a, 3, and y, which
act as transcription factors triggered by ligands [25].

The prevention of breast tumour cell proliferation accelerated by RA
is attributed to the upregulation of RAR-f expression [Table/Fig-3].
This may play a significant role in tumour suppression. In contrast,
RAR-B appears to be increased in healthy mammary epithelial cells
and seems to be downregulated in BC cell lines and tissues [26].

Relationship between Oestrogen Receptors (ER) and RA
receptors: A nuclear receptor called RARa typically binds to
RAREs. RARa can bind to chromatin whether its natural ligands,
9-cis RA or ATRA, are present or not [27]. Furthermore, RARa
has the ability to bind to several nuclear receptors, including the
thyroid receptor [28].

The expression of the oestrogen-induced gene RARa in breast
tumours has been found to correlate with the expression of the ER
[27]. It has been demonstrated that RARa and ER share a subset
of genomic binding sites and that RARa can inhibit ER function in
the presence of its ligands, and vice versa. There is competition
between the two nuclear receptors for transcriptional activity and
RARa and ER may occasionally share cis-regulatory regions [28].
For BC cells to efficiently engage in transcription, various nuclear
receptors may cooperate with RARa as a key component of the ER
complex, possibly by maintaining ER-co-factor interactions [29].

ERa-expressing tissues include the pituitary, vagina, uterus and
breast, while ERB-expressing tissues include the ovary, prostate
and lung. There has been ongoing discussion regarding the
significance of ERB in mammary development and carcinogenesis
because it is present in the breast, albeit at lower concentrations
than ERa [30]. The expression of ERa varies depending on the
stage of development of the mammary gland; however, 55% to
75% of breast epithelial cells express ERp at all stages of breast
development [31].

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): XEO1-XE06



www.jcdr.net

When BC first appears, an analysis of the ERa to ERp ratio shifts.
Individuals who have relapsed and are resistant to tamoxifen show
higher expression of ERB [32]. Most attention in clinical strategies for
treating hormonally responsive BC has been focused on ERa and
its target genes. However, resistance to tamoxifen has limited this
strategy, and other treatments targeting different signalling pathways
are required to combat resistance. The expansion and proliferation
of ERP in breast tumour cells can be inhibited by RA [33-35].

RAR expression has been significantly improved in gastric cancer
patients; thus, RAR overexpression may serve as a diagnostic tool
in gastric cancer [36]. Similarly, RAR overexpression in breast tissue
may be an alarming sign for the manifestation of BC.

Safety and tolerability of RA derivative: According to a thorough
review of the phase Il trial, decreased dark adaptation (cumulative
incidence: 19%) and dermatological conditions such as itchiness,
urticaria and dryness of the skin and mucous membranes (18.6%)
were the most frequent side-effects [37]. Gastrointestinal problems
(13%) and changes to the ocular surface (10.9%) were less
frequently reported. In the control group, decreased dark adaptation,
dermatological illnesses, digestive problems and alterations to the
ocular surface were reported in 2.9%, 5.4% and 3.2% of cases,
respectively.

Interestingly, it was noted that adverse effects diminished most of
the time and were significantly more prevalent in postmenopausal
women. However, there were no events that could have been
fatal, and only 64 of 1,435 females (4.4%) discontinued treatment
due to medication toxicity [38]. In a study addressing this issue,
chronic administration of fenretinide (a synthetic retinoid derivative)
was not shown to be linked with appreciable changes in the bone
mineral density of the forearm [39]. Patients with modifications
to the Goldmann weekers test showed a low rate of complaints
regarding decreased dark adaptation [40]. Older and heavier
women experienced a greater reduction in retinol induced by
fenretinide and were consequently more likely to report ocular
complaints [41].

RA derivatives role in other disease conditions: High-affinity RAR
ligand (LGD 1550) activates RARs and inhibits activator protein-1.
It is relatively well tolerated in patients, with few adverse reactions
and shows modest activity in cervical cancer and epidermoid
cancer. TAC-101, a selective retinoid for the RAR alpha, has been
shown to be toxic to the musculoskeletal system and to cause
hypertriglyceridaemia and an increased thrombotic risk in human
trials [42].

Topical application of retinol and RA exhibits a remarkable antiageing
effect on the face by altering the histology of the skin and the
expression of genes and proteins associated with skin health. The
mechanisms of action of retinol and RA show a similar pathway [43].
In patients with pancreatic cancer, ATRA acts as a stromal-targeting
drug alongside gemcitabine and nab-paclitaxel. It is well tolerated
and has a dose-limiting hazard of grade 4 thrombocytopenia [44].

In a controlled study of patients treated for Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), 13-cis RA and the
recommended treatment protocol significantly reduced mortality
and the need for Intensive Care Unit (ICU) care [45]. Retinoids
lower the recurrence rate and sensitise therapeutic modalities used
for various other carcinomas, including hepatocellular carcinoma,
lung cancer, Kaposi's sarcoma, renal cell carcinoma and acute
promyelocytic leukaemia [46].

BC and RA clinical studies: Due to their well-known role in
regulating cellular metabolism and programmed cell death in in-vitro
research, retinoids have been investigated as potential antitumour
medications in clinical trials [47]. One distinctive characteristic
of retinoids is their ability to accelerate programmed cell death.
Retinoids are most frequently studied in clinical trials for BC due
to their unique accumulation effect in breast tissue and their

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): XEO1-XE06

JP Magesh Kirubakaran et al., Importance of Retinoic Acid Derivatives in Breast Cancer: A Review

comparatively safer profile. In a phase lll trial aimed at BC prevention,
retinoids were found to modify the levels of circulating IGF-I and
IGFBP-3 in premenopausal women, thereby reducing their risk of
developing a second case of BC. Both IGF-I and IGFBP-3 have
been linked to an increased risk of BC in premenopausal women in
various prospective studies [48-50].

The retinoid that has garnered the most attention in clinical studies
for chemoprevention is N-(4-hydroxyphenyl) retinamide (4-HPR)
fenretinide, a synthetic amide of retinoic acid. Sporn MB et al.,
examined the biological effects of fenretinide shortly after its creation
in the late 1960s [47]. A study demonstrated that this medication
preferentially accumulates in the breast rather than in the liver [51].
Fenretinide was initially reported to inhibit chemically induced BC in
rats in 1979 [52]. Clinical trials using fenretinide in combination with
tamoxifen have shown that this combination appears to be safe and
well tolerated in high-risk women, particularly when minimal doses of
tamoxifen are used [53]. According to a phase | dose-ranging study,
the safe upper limit has been established as 200 mg per day [53].

The National Cancer Institute (NCI) organised a multicentre phase
Il randomised study with stage | BC patients aged between 35 and
70 years who had undergone surgery for the disease within the
previous 10 years without receiving multimodal systemic therapy.
Women were randomly assigned to receive either no therapy or a
daily dose of 200 mg of a synthetic retinoic acid derivative orally
over the course of five years [53]. The onset of contralateral BC and
the recurrence of ipsilateral BC were the first and second malignant
events, respectively. Findings from an average follow-up of 96
months concluded that fenretinide was significantly more effective
for premenopausal women than for postmenopausal women, with
no statistically significant difference in hormone receptor-positive
and negative BCs [54].

Fenretinide had no impact on the development of contralateral
breast tumours and resulted in a negligible 17% decrease in the
occurrence of ipsilateral breast tumours. Distant metastases and
death were not affected by fenretinide treatment, either overall or
in the two categories separately [54]. There was no appreciable
overgrowth of a particular tumour in either therapy group [54]. Three
cases of ovarian tumours manifested in the fenretinide group after
therapy was withdrawn, but there were zero cases during the five-
year follow-up period in the fenretinide arm compared to six cases in
the control group [55]. An update on fenretinide’s impact on ovarian
cancer has been provided [56]. Six incidences of ovarian cancer
were reported overall in the fenretinide group after a median of 121
months, compared to 10 cases in the control arm. To clarify this
and possibly establish a substantial therapeutic effect of fenretinide,
more clinical trials are required [57].

Fenretinide may be used as a preventive drug at various phases
of breast carcinogenesis, according to the data from the phase Il
trial. However, the study also demonstrates its inability to halt the
emergence of a more malignant phenotype, most likely due to the
reduction in retinoid receptor expression [58]. According to a study,
the beneficial trend in contralateral breast tumours and ipsilateral
breast tumour recurrence in premenopausal females appears to
persist after follow-up observations of up to 15 years [59]. This
establishes a justification for a phase Il primary prevention trial in
young women prone to BC.

Trials in synthetic RA and tamoxifen: Contrary to mono-
chemotherapy, drug combinations used in poly-chemotherapy are
more effective. Similarly, in the fight against BC, research is being
conducted on the combination of drugs with different modes of
action in an effort to increase efficacy while minimising negative
effects. Fenretinide and tamoxifen administered together have been
shown in preclinical models to have complementary or synergistic
effects in inhibiting the development of MCF-7 cells [60].
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In BC clinical studies, the combination of tamoxifen and fenretinide
has been tested for safety and tolerability in individuals with
metastatic disease [61], in the adjuvant setting [62], and in healthy
women at higher risk [62]. A pilot study conducted in 1999 assessed
individuals with metastatic BC who had previously received tamoxifen
treatment or who had hormone receptor-negative disease for their
response to the combination of fenretinide (400 mg daily for 20 out
of 26 days) and tamoxifen (a regular dose of 20 mg) [63]. Of the
32 patients who could be analysed, 24 showed no measurable
responses to malignancy [63].

One-third of the treated individuals experienced symptomatic
nyctalopia and five patients (16%) discontinued treatment due
to toxicity [63]. Upon detailed observation, it was shown that in
this group of individuals with advanced disease, the combination
was unsuccessful, and studies on prevention should not utilise a
fenretinide dosage of 400 mg [63]. The high rate of withdrawals
(80%) observed in a clinical study of fenretinide (400 mg/day) plus
tamoxifen against a placebo and tamoxifen as adjuvant treatment
in older women with BC has raised additional concerns about
the viability of this combination [63]. In that study, women taking
tamoxifen and fenretinide experienced a borderline significantly
lower rate of hot flashes compared to those taking tamoxifen and
a placebo; however, the combined arm had a greater incidence of
grade -l leucopenia, nyctalopia, hypercalcaemia and genitourinary
and respiratory adverse events. Women who have not yet reached
menopause and have elevated IGF-I levels in their blood had a
higher chance of developing primary [63,64] and secondary [65] BC.
In high-risk older women, fenretinide causes a moderate reduction
in IGF-I levels. Various clinical studies involving RA derivatives and
their combination with other anticancer drugs are summarised in
the table [Table/Fig-4] [66-72].

Future scope in BC managments with retinoids: The BCSCs are
a key factor responsible for the manifestation, prognosis, metastasis
and therapeutic resistance of BC. This small population of cells,
present within the heterogeneous cellular population of BC cells,

S. No. Drug Finding

The use of ATRA and paclitaxel in
combination therapy for metastatic
BC demonstrates that this is a
regimen that is well-tolerated and
has low response rates. Duration of
the progression and mortality rates
comparable to those for paclitaxel
and placebo show similar effect
with ATRA combination. Data
revels that comparatively significant
percentages of patients had stable
disease [66].

All trans Retinoic
Acid (RA)+paclitaxel

The outcome of the preliminary
clinical trial demonstrates that the
combination of tamoxifen and
alitretinoin is safe and effective in
treating metastatic BC. 70 mg/m?/d
of tamoxifen combined with 20 mg/d
of phase Il dosage is advised [67].

Alitretinoin (9-cis-
RA)+tamoxifen

Tamoxifen (TAM)+13- Cis-
Retinoic Acid (CRA) vs
Tamoxifen+Interferon alpha-
2a(IFN)

The therapeutic effects of TAM in
patients with advanced BC are
unaffected by its administration [68].

Hyper coagulation indicators were
reduced in the ATRA+Tam groups
compared to Tam alone. These
findings imply that preoperative
ATRA may regulate BC patients
‘hypercoagulable states under
specific circumstances [69].

ATRA added with tamoxifen
4 versus ATRA versus
tamoxifen

In women over the age of 50 years,
fenretinide causes a moderate
drop in Insulin-Like Growth Factor-I
(IGF-1) level. To ascertain the
connection between IGF-I change
and secondary breast tumours,
more investigation is required [70].

Fenretinide, the derivative
ofaRA
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According to results from phase 1
and phase 2 chemotherapy, patients
treated with tamoxifen and ATRA
experienced decreases in serum
levels of IGF that were similar

to those reported in people on
tamoxifen only. Some of the patients
who had previously progressed
while receiving showed objective
responses [71].

6 ATRA+Tamoxifen

In the study, natural killer cells,
lymphocytes and the CD4+/CD8+
ratio all showed a steady rise over
baseline levels. In conclusion,
metastatic BC patients who are
not responding after 5-9 sessions
of drug dependent cancer therapy,
biological response modifier therapy
with interleukin-2 and RA is well
tolerated, improves lymphocyte,
natural killer cells, CD4T+/CD8+T
ratio, and seems to stop the
recurrence of the disease [72].

7 13-cis RA and interleukin-2

[Table/Fig-4]: Important clinical research conducted in Retinoic Acid (RA) along

with other drugs for BC [66-72].

remains active even after exposure to major chemotherapeutic
agents and is responsible for the recurrence of BC cells [73,74].
Targeting BCSCs is an effective strategy for BC management [75].
Adapalene, a third-generation retinoid, acts against BC by targeting
BCSCs, potentially helping to prevent chemoresistance [76,77].
This recent finding accelerates research into retinoid derivatives as
future therapeutic agents in BC management.

CONCLUSION(S)

A thorough evaluation of RA's involvement in the treatment and
prevention of BC was conducted. It has been recognised that RA
and its derivatives serve as potent tools to sensitise conventional
chemotherapy and offer hope in addressing the serious, life-
threatening issue known as drug resistance. Although the efficacy
of RA derivatives alone presents some drawbacks, their synergistic
effects encourage researchers to conduct further studies on their
effectiveness. Developing new and more effective RA derivatives
is essential in light of the significant increase in the number of BC
cases. This review aims to accelerate research related to RA and
BC to better understand the link between them.

Acknowledgement

MS. Aysha from ITC R and D Centre for her help in designing of
figures and Dr. Surya Kumar, HOD, Department of Shalakya Tantra,
GAMCH, Nagercaoil for his valuable inputs to this review article.

REFERENCES

[1] Coyle KM, Sultan M, Thomas ML, Vaghar-Kashani A, Marcato P, Mohammad
Sultan K. Retinoid signaling in cancer and its promise for therapy. J Carcinog
Mutagen S. 2013;7:16-18.

[2] Tripathi SK, Pandey K, Panda M, Spinella MJ, Rengasamy KR, Biswal BK. The
potential of retinoids for combination therapy of lung cancer: Updates and future
directions. Pharamcol Res. 2019;147:104331.

[3] Fritz H, Kennedy D, Fergusson D, Fernandes R, Doucette S, Cooley K, et al.
Vitamin A and retinoid derivatives for lung cancer: A systematic review and meta-
analysis. PloS One. 2011;6(6):e21107.

[4] Schenk T, Stengel S, Zelent A. Unlocking the potential of retinoic acid in
anticancer therapy. Br J Can. 2014;111(11):2039-45.

[5] Chen S, Hu Q, Tao X, Xia J, Wu T, Cheng B, et al. Retinoids in cancer
chemoprevention and therapy: Meta-analysis of randomized controlled trials.
Front Genet. 2022;13:1065320.

[6] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. Can J Clin. 2021;71(3):209-49.

[7]1 DeSantis C, Siegel R, Bandi P, Jemal A. Breast cancer statistics, 2011. Can J
Clin. 2011;61(6):408-18.

[8] Arnold M, Morgan E, Rumgay H, Mafra A, Singh D, Laversanne M, et al. Current
and future burden of breast cancer: Global statistics for 2020 and 2040. The
Breast. 2022;66:15-23.

[9] Kim J, Harper A, McCormack V, Sung H, Houssami N, Morgan E, et al. Global
patterns and trends in breast cancer incidence and mortality across 185
countries. Nat Med. 2025:01-09.

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): XEO1-XE06



www.jcdr.net

[10]
[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Mehrotra R, Yadav K. Breast cancer in India: Present scenario and the challenges
ahead. World J Clin Oncol. 2022;13(3):209.

Takiar R, Srivastav A. Time trend in breast and cervix cancer of women in India -
(1990-2003). Asian Pac J Cancer Prev. 2008;9(4):777-80.

Malvia S, Bagadi SA, Dubey US, Saxena S. Epidemiology of breast cancer in
Indian women. Asia-Pacific J Clin Oncol. 2017;13(4):289-95.

Dhillon PK, Mathur P, Nandakumar A, Fitzmaurice C, Kumar GA, Mehrotra R, et al.
The burden of cancers and their variations across the states of India: The Global
Burden of Disease Study 1990-2016. The Lancet Oncol. 2018;19(10):1289-306.
Rumgay H, Cabasag CJ, Offman J, de Camargo Cancela M, Barchuk A, Mathur
P, et al. International burden of cancer deaths and years of life lost from cancer
attributable to four major risk factors: A population-based study in Brazil,
Russia, India, China, South Africa, the United Kingdom, and United States.
EClinicalMedicine. 2023;66:102289.

Jin Y, Teh SS, Lau HL, Xiao J, Mah SH. Retinoids as anti-cancer agents and
their mechanisms of action. Am J Can Res. 2022;12(3):938.

Chen MC, Hsu SL, Lin H, Yang TY. Retinoic acid and cancer treatment. Biomed.
2014;4(4):22.

Chen H, Zhang H, Lee J, Liang X, Wu X, Zhu T, et al. HOXA5 acts directly
downstream of retinoic acid receptor  and contributes to retinoic acid-induced
apoptosis and growth inhibition. Can Res. 2007;67(17):8007-13.

Kim D, Kim KI, Baek SH. Roles of lysine-specific demethylase 1 (LSD1) in
homeostasis and diseases. J Biomed Sci. 2021;28(1):41.

Donato LJ, Suh JH, Noy N. Suppression of mammary carcinoma cell growth by
retinoic acid: The cell cycle control gene Btg?2 is a direct target for retinoic acid
receptor signaling. Can Res. 2007;67(2):609-15.

Pratt MC, Niu MY, Renart LI. Regulation of survivin by retinoic acid and its role
in paclitaxel-mediated cytotoxicity in MCF-7 breast cancer cells. Apoptosis.
2006;11:589-605.

Thulasiraman P, McAndrews DJ, Mohiudddin IQ. Curcumin restores sensitivity to
retinoic acid in triple negative breast cancer cells. BMC Cancer. 2014;14:01-04.
Zanetti A, Affatato R, Centritto F, Fratelli M, Kurosaki M, Barzago MM, et al.
All-trans-retinoic acid modulates the plasticity and inhibits the motility of breast
cancer cells: Role of Notch1 and Transforming Growth Factor (TGF). J Biol
Chem. 2015;290(29):17690-709.

Berardi DE, Ariza Barefio L, Amigo N, Cafonero L, Pelagatti MD, Motter AN, et
al. All-trans retinoic acid and protein kinase C o/B1 inhibitor combined treatment
targets cancer stem cells and impairs breast tumour progression. Sci Rep.
2021;11(1):6044.

Abdullah SA, Hassan SA, Al-Shammari AM. Anticancer activity of retinoic acid
against breast cancer cells derived from an Iragi patient. J Taibah Univ Med Sci.
2023;18(3):579-86.

Simeone AM, Tari AM. How retinoids regulate breast cancer cell proliferation
and apoptosis. Cellular and Molecular Life Sciences CMLS. 2004;61:1475-84.
Zhang XK, Liu Y, Lee MO. Retinoid receptors in human lung cancer and breast
cancer. Mutat Res. 1996;350(1):267-77.

Clarke N, Germain P, Altucci L, Gronemeyer H. Retinoids: Potential in cancer
prevention and therapy. Expert Rev Mol Med. 2004;6(25):01-23.

Glass CK, Lipkin SM, Devary OV, Rosenfeld MG. Positive and negative regulation
of gene transcription by a retinoic acid-thyroid hormone receptor heterodimer.
Cell. 1989;59(4):697-708.

Roman SD, Ormandy CJ, Manning DL, Blamey RW, Nicholson RI, Sutherland
RL, et al. Estradiol induction of retinoic acid receptors in human breast cancer
cells. Can Res. 1993;53(24):5940-45.

Hua S, Kittler R, White KP. Genomic antagonism between retinoic acid and
estrogen signaling in breast cancer. Cell. 2009;137(7):1259-71.

Ross-Innes CS, Stark R, Holmes KA, Schmidt D, Spyrou C, Russell R, et al.
Cooperative interaction between retinoic acid receptor-alpha and estrogen
receptor in breast cancer. Genes Dev. 2010;24(2):171-82.

Boersma C, Mosselman S. Estrogen receptors alpha and beta two receptors
of a kind. Curr Med Chem. 2000;7(5):561-76.

Lazennec G, Bresson D, Lucas A, Chauveau C, Vignon F. ERB inhibits proliferation
and invasion of breast cancer cells. Endocrinology. 2001;142(9):4120-30.
Speirs V, Parkes AT, Kerin MJ, Walton DS, Carleton PJ, Fox JN, et al. Coexpression
of estrogen receptor a and B: Poor prognostic factors in human breast cancer?
Can Res. 1999;59(3):525-28.

Rousseau C, Nichol JN, Pettersson F, Couture MC, Miller Jr WH. ERB
sensitizes breast cancer cells to retinoic acid: Evidence of transcriptional
crosstalk. Mol Can Res. 2004;2(9):523-31.

Garattini SK, Basile D, Brisotto G, Miolo G, Canzonieri V, Aprile G, et al. The
potential of retinoic acid receptors as prognostic biomarkers and therapeutic
targets in gastric cancer. Front Oncol. 2024;14:1453934.

Szymariski £, Skopek R, Palusiriska M, Schenk T, Stengel S, Lewicki S, et al.
Retinoic acid and its derivatives in skin. Cells. 2020;9(12):2660.

Camerini T, Mariani L, De Palo G, Marubini E, Di Mauro MG, Decensi A, et al. Safety
of the synthetic retinoid fenretinide: Long-term results from a controlled clinical trial
for the prevention of contralateral breast cancer. J Clin Oncol. 2001;19(6):1664-70.
Decensi A, Torrisi R, Gozza A, Severi G, Bertelli G, Fontana V, et al. Effect of
fenretinide on bone mineral density and metabolism in women with early breast
cancer. Breast Cancer Res Treat. 1999;53(2):145-51.

Caruso RC, Zujewski J, lwata F, Podgor MJ, Conley BA, Ayres LM, et al. Effects
of fenretinide (4-HPR) on dark adaptation. Arch Ophthalmol. 1998;116(6):759-63.
Torrisi R, Parodi S, Fontana V, Rondanina G, Formelli F, Costa A, et al. Factors
affecting plasma retinol decline during long-term administration of the synthetic
retinoid fenretinide in breast cancer patients. Cancer Epidemiol Biomarkers Prev.
1994;3(6):507-10.

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): XEO1-XE06

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

JP Magesh Kirubakaran et al., Importance of Retinoic Acid Derivatives in Breast Cancer: A Review

Rizvi NA, Marshall JL, Ness E, Hawkins MJ, Kessler C, Jacobs H, et al. Initial
clinical trial of oral TAC-101, a novel retinoic acid receptor-alpha selective
retinoid, in patients with advanced cancer. J Clin Oncol. 2002;20(16):3522-32.
Kong R, Cui Y, Fisher GJ, Wang X, Chen 'Y, Schneider LM, et al. A comparative
study of the effects of retinol and retinoic acid on histological, molecular, and
clinical properties of human skin. J Cosmet Dematol. 2016;15(1):49-57.

Kocher HM, Basu B, Froeling FE, Sarker D, Slater S, Carlin D, et al. Phase |
clinical trial repurposing all-trans retinoic acid as a stromal targeting agent for
pancreatic cancer. Nat Commun. 2020;11(1):4841.

Elkazzaz M, Abo-Amer YE, Ahmed A, Haydara T. 13 cis retinoic acid improved
the outcomes of COVID-19 patients. A randomized clinical trial. medRxiv.
2022:2022-03.

Hunsu VO, Facey COB, Fields JZ, Boman BM. Retinoids as chemo-preventive
and molecular-targeted anti-cancer therapies. Int J Mol Sci. 2021; 22(14):7731.
Available from: https://doi.org/10.3390/jms22147731.

Sporn MB, Dunlop NM, Newton DL, Smith JM. Prevention of chemical
carcinogenesis by vitamin A and its synthetic analogs (retinoids). InFederation
Proceedings. 1976;35(6):1332-38.

Rinaldi S, Peeters PH, Berrino F, Dossus L, Biessy C, Olsen A, et al. IGF-1, IGFBP-3
and breast cancer risk in women: The European Prospective Investigation into
Cancer and Nutrition (EPIC). Endocr Relat Cancer. 2006;13(2):593-605.
Rosendahl AH, Bjorner S, Ygland Rodstréom M, Jirstrém K, Borgquist S, Ingvar
C, et al. Pre-and postoperative circulating IGF-I, IGFBP-3, and IGFBP-7 levels in
relation to endocrine treatment and breast cancer recurrence: A nested case-
control study. Front Oncol. 2021;11:626058.

Schedlich LJ, O’'Han MK, Leong GM, Baxter RC. Insulin-like growth factor
binding protein-3 prevents retinoid receptor heterodimerization: Implications
for retinoic acid-sensitivity in human breast cancer cells. Biochem Biophys Res
Commun. 2004;314(1):83-88.

Moon RC, Thompson HJ, Becci PJ, Grubbs CJ, Gander RJ, Newton DL, et al.
N-(4-Hydroxyphenyl) retinamide, a new retinoid for prevention of breast cancer
in the rat. Can Res. 1979;39(4):1339-46.

Mehta RG, Moon RC, Hawthorne M, Formelli F, Costa A. Distribution of
fenretinide in the mammary gland of breast cancer patients. Eur J Cancer.
1991;27(2):138-41.

Costa A, Malone W, Perloff M, Buranelli F, Campa T, Dossena G, et al.
Tolerability of the synthetic retinoid fenretinide (HPR). Eur J Cancer Clin Oncol.
1989;25(5):805-08.

Veronesi U, De Palo G, Marubini E, Costa A, Formelli F, Mariani L, et al.
Randomized trial of fenretinide to prevent second breast malignancy in women
with early breast cancer. J Natl Cancer Inst. 1999;91(21):1847-56.

De Palo G, Veronesi U, Camerini T, Formelli F, Mascotti G, Boni C, et al.
Can fenretinide protect women against ovarian cancer? J Natl Cancer Inst.
1995;87(2):146-47.

De Palo G, Mariani L, Camerini T, Marubini E, Formelli F, Pasini B, et al. Effect of
fenretinide on ovarian carcinoma occurrence. Gynecol Oncol. 2002;86(1):24-27.
Veronesi U, Decensi A. Retinoids for ovarian cancer prevention: Laboratory data
set the stage for thoughtful clinical trials. Journal of the National Cancer Institute.
2001;93(7):486-88.

Widschwendter M, Berger J, Daxenbichler G, Muller-Holzner E, Widschwendter
A, Mayr A, et al. Loss of retinoic acid receptor B expression in breast cancer
and morphologically normal adjacent tissue but not in the normal breast tissue
distant from the cancer. Can Res. 1997;57(19):4158-61.

Veronesi U, Mariani L, Decensi A, Formelli F, Camerini T, Miceli R, et al. Fifteen-
year results of a randomized phase Il trial of fenretinide to prevent second
breast cancer. Ann Oncol. 2006;17(7):1065-71.

Fontana JA. Interaction of retinoids and tamoxifen on the inhibition of human
mammary carcinoma cell proliferation. Pathobiology. 1987;55(3):136-44.
Zujewski J, Pai L, Wakefield L, Giusti R, Dorr FA, Flanders C, et al. Tamoxifen and
fenretinide in women with metastatic breast cancer. Breast Cancer Res Treat.
1999;57(3):277-83.

Cobleigh MA, Gray R, Graham M, Norton L, Martino S, Budd GT, et al. Fenretinide
(FEN) vs placebo in postmenopausal breast cancer patients receiving adjuvant
tamoxifen (TAM), an Eastern Cooperative Oncology Group phase lll intergroup
trial (EB193, INT-0151). InProc Am Soc Clin Oncol. 2000;19:86.

Conley B, O’Shaughnessy J, Prindiville S, Lawrence J, Chow C, Jones E, et
al. Pilot trial of the safety, tolerability, and retinoid levels of N-(4-hydroxyphenyl)
retinamide in combination with tamoxifen in patients at high risk for developing
invasive breast cancer. J Clin Oncol. 2000;18(2):275.

Renehan AG, Zwahlen M, Minder C, T O’'Dwyer S, Shalet SM, Egger M. Insulin-
like growth factor (IGF)-I, IGF binding protein-3, and cancer risk: Systematic
review and meta-regression analysis. The Lancet. 2004;363(9418):1346-53.
Decensi A, Veronesi U, Miceli R, Johansson H, Mariani L, Camerini T, et al.
Relationships between plasma insulin-like growth factor-I and insulin-like growth
factor binding protein-3 and second breast cancer risk in a prevention trial of
fenretinide. Clin Can Res. 2003;9(13):4722-29.

Bryan M, Pulte ED, Toomey KC, Pliner L, Pavlick AC, Saunders T, et al. A
pilot phase Il trial of all-trans retinoic acid (Vesanoid) and paclitaxel (Taxol)
in patients with recurrent or metastatic breast cancer. Invest New Drugs.
2011;29(6):1482-87.

Chiesa MD, Passalacqua R, Michiara M, Franciosi V, Di Costanzo F, Bisagni G, et
al. Tamoxifen vs Tamoxifen plus 13-cis-retinoic acid vs Tamoxifen plus Interferon
alpha-2a as first-line endocrine treatments in advanced breast cancer: Updated
results of a phase II, prospective, randomised multicentre trial. Acta bio-medica:
Atenei Parmensis. 2007;78(3):204-09.



JP Magesh Kirubakaran et al.,

[68]

[69]

[70]

[71]

[72]

Aass N, De Mulder PH, Mickisch GH, Mulders P, Van Oosterom AT, Van Poppel
H, et al. Randomized phase Il/Ill trial of interferon Alfa-2a with and without 13-
cis-retinoic acid in patients with progressive metastatic renal cell Carcinoma: The
European Organisation for Research and Treatment of Cancer Genito-Urinary
Tract Cancer Group (EORTC 30951). J Clin Oncol. 2005;23(18):4172-78.
Falanga A, Toma S, Marchetti M, Palumbo R, Raffo P, Consonni R, et al. Effect
of all-trans-retinoic acid on the hypercoagulable state of patients with breast
cancer. Am J Hematol. 2002;70(1):09-15.

Decensi A, Johansson H, Miceli R, Mariani L, Camerini T, Cavadini E, et al. Long-
term effects of fenretinide, a retinoic acid derivative, on the insulin-like growth
factor system in women with early breast cancer. Cancer Epidemiol Biomarkers
Prev. 2001;10(10):1047-53.

Budd GT, Adamson PC, Gupta M, Homayoun P, Sandstrom SK, Murphy RF,
et al. Phase I/ll trial of all-trans retinoic acid and tamoxifen in patients with
advanced breast cancer. Clin Cancer Res. 1998;4(3):635-42.

Zhu S, Wang J, Xie B, Luo Z, Lin X, Liao DJ. Culture at a higher temperature
mildly inhibits cancer cell growth but enhances chemotherapeutic effects by
inhibiting cell-cell collaboration. PLoS One. 2015;10(10):e0137042.

Importance of Retinoic Acid Derivatives in Breast Cancer: A Review

[73]

[74]

[78]

[76]

[77]

www.jcdr.net

Redfern CP. Vitamin A and its natural derivatives. InMethods in Enzymology.
2020 Jan 1 (Vol. 637, pp. 1-25). Academic Press.

Ali K, Nabeel M, Mohsin F, Igtedar M, Islam M, Rasool MF, et al. Recent
developments in targeting breast cancer stem cells (BCSCs): A descriptive review
of therapeutic strategies and emerging therapies. Med Oncol. 2024;41(5):112.
Talukdar PD, Roy H, Chatterji U. Targeting breast cancer stem cells in ER-
positive breast cancer by repurposing the benzoporphyrin derivative verteporfin
as a YAP/TAZ small molecule inhibitor. Mol Biol Rep. 2025;52(1):01-04.
Deeptha TC, Nabeela NK, Pushparaj C, Narayanasamy A, Manickam P,
Thiruvenkataswamy S, et al. Novel therapeutic approaches targeting cancer
stem cells: Unveiling new frontiers in breast cancer treatment. Pathol Res Pract.
2025;266:155800.

Jan N, Sofi S, Qayoom H, Haqg BU, Shabir A, Mir MA. Targeting breast cancer
stem cells through retinoids: A new hope for treatment. Crit Rev Oncol Hematol.
2023;192:104156.

PARTICULARS OF CONTRIBUTORS:
Postgraduate Scholar, Department of Shalya Tantra, Mahatma Gandhi Ayurveda College and Hospital, Wardha, Nagpur, Maharashtra, India.

Associate Professor, Department of Shalya Tantra, Mahatma Gandhi Ayurveda College and Hospital, Wardha, Nagpur, Maharashtra, India.

Postgraduate Scholar, Department of Shalya Tantra, Sri Jayendra Saraswathi Ayurveda College and Hospital, Nazrathpet, Chennai, Tamil Nadu, India.

Professor and Head, Department of Oral and Maxillofacial Pathology, Malla Reddy Institute of Dental Sciences, Hyderabad, Telangana, India.

Associate Professor, Department of Life Sciences, Manipur University, Imphal, Manipur, India.

Deputy Director, Department of Clinical Research, Malla Reddy Clinical Research Unit, Malla Reddy Vishwavidyapeeth (Deemed to be University), Hyderabad, Telangana, India.

OO0k

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Yuvaraj Srinivasan,

Malla Reddy Health City, Chandramma Educational Society, Mall Reddy Staff
Quarters, Suraram, Hyderabad, Telangana, India.

E-mail: dryuvarajsrinivasan@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

* Was informed consent obtained from the subjects involved in the study? NA

e For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: 1antetall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Dec 31, 2024

* Manual Googling: May 08, 2025

EMENDATIONS: 5

e iThenticate Software: May 10, 2025 (6%)

NA

Date of Submission: Dec 25, 2024
Date of Peer Review: Feb 22, 2025
Date of Acceptance: May 12, 2025

Date of Publishing: Sep 01, 2025

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): XEO1-XE06


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

