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ABSTRACT

Objectives: Recently, attention has turned toward naturally derived complexes such as
HAMLET (Human a-lactalbumin Made Lethal to Tumor Cells) and BAMLET (Bovine
a-lactalbumin Made Lethal to Tumor Cells) due to their selective cytotoxicity and
promising mechanisms of action. In this study, we aimed to systematically review the
effect of HAMLET and BAMLET on colorectal cancer (CRC).

Methods: PubMed, Scopus, Web of Science, and Embase were searched for studies
published between 2020-2025, with one 2006 study included for its unique mechanistic
insights. The search combined specific keywords and MeSH terms related to HAMLET,
BAMLET, colorectal cancer, antitumor activity, and signaling pathways, using Boolean
operators. After removing duplicates and applying predefined inclusion and exclusion
criteria, six eligible original studies (in vitro, in vivo, and xenograft models) were
included.

Results: Both HAMLET and BAMLET demonstrated cytotoxic effects against CRC
cells via diverse mechanisms such as autophagy inhibition, lysosomal membrane
permeabilization, mitochondrial dysfunction, and modulation of B-catenin and CKla
signaling. BAMLET notably exhibited synergistic effects with S5-fluorouracil and
contributed to reduced tumor growth in murine models. HAMLET’s efficacy varied
depending on KRAS/BRAF mutation status and mitochondrial resilience. Importantly,
no significant toxicity was observed in healthy non-cancerous cells across the studies.

Conclusion: These findings suggest that HAMLET and BAMLET represent viable
adjuncts to standard CRC therapies, offering tumor-specific mechanisms with minimal
side effects. Further exploration of their molecular interactions and clinical potential
could enhance combination strategies and help overcome therapeutic resistance in CRC
treatment.
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Introduction

olorectal cancer (CRC) is one of the most

common and deadly cancers affecting

the gastrointestinal tract, presenting a

significant clinical and economic burden

worldwide. In 2022, over 1.9 million
new cases of CRC were reported globally, making it the
second leading cause of cancer death in women and the
third in men (1). In Iran, CRC ranks among the five
most prevalent cancers for both sexes. According to
data from the Iran Open Data Centre (2022), the age-
standardized incidence rate (ASR) for colorectal cancer
is approximately 16.5 per 100,000 men and 13.9 per
100,000 women (2). These rates are higher than the
national average in provinces like Tehran, Isfahan, and
Golestan, and they are close to global figures. In terms of
mortality, CRC was the second leading cause of cancer
deaths in Iran in 2014, accounting for about 13% of all
cancer fatalities (3). Furthermore, studies indicate that
around 17% of Iranian patients are diagnosed with CRC
before the age of 40. This early onset may be attributed to
genetic factors, a high-fat diet, lack of physical activity,
and insufficient screening practices (4).

According to international statistics, colorectal
cancer (CRC) is on track to become a widespread health
crisis. This is particularly concerning in middle-income
countries such as Iran, where the clinical burden includes
direct treatment costs (5), decreased productivity due to
disability, and high rates of diagnoses at advanced stages.
Therefore, there is a pressing need for the development
of new and effective therapeutic strategies. Recently,
research focusing on targeted therapies with minimal
side effects, especially those derived from natural
compounds, has gained significant traction (8, 9).

Among these emerging options are bioactive
compounds sourced from natural ingredients,
particularly milk proteins. Alpha-lactalbumin (a-LA),
a small, tryptophan-rich protein naturally present in
mammalian milk, plays a crucial role in regulating
lactose synthesis. When combined with saturated fatty
acids like oleic acid, a-LA forms complexes that exhibit
selective cytotoxic properties against cancer cells. The
most notable of these complexes are HAMLET (Human
Alpha-lactalbumin Made LEthal to Tumour cells) and
BAMLET (Bovine Alpha-lactalbumin Made LEthal to
Tumour cells) (6, 7).

HAMLET was first described by Catharina Svanborg
and her colleagues in 1995, who demonstrated that the
a-lactalbumin-oleic acid complex could selectively kill
cancer cells while sparing healthy ones (7). In recent
years, both BAMLET and HAMLET have emerged as
promising candidates for cancer therapy due to their
impressive biological effects. Preclinical studies have
shown that these compounds induce apoptosis, inhibit
cancer cell proliferation, reduce cell differentiation, and
disrupt mitochondrial function in cancer cells (10, 11).
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Despite the substantial research conducted on the
effects of these compounds across various cancers, a
comprehensive review of the impacts of BAMLET and
HAMLET specifically on colorectal cancer has yet to be
completed. This review aims to evaluate the antitumor
efficacy of HAMLET and BAMLET complexes in
colorectal cancer by analyzing recent studies, with
a particular focus on their cellular mechanisms and
therapeutic potential.

Methods

A comprehensive systematic literature search was
conducted in the following international scientific
databases: PubMed, Scopus, Web of Science, and google
scholar. The search covered all available records up to
2025, with a primary focus on studies published from
2020 onwards. One earlier study from 2006 was also
included due to its unique contribution to elucidating
the signaling pathways of HAMLET-induced apoptosis
(“HAMLET triggers apoptosis but tumor cell death is
independent of caspases, Bcl-2 and p53”).

The search strategy combined Medical Subject
Headings (MeSH) and free-text terms related to the
topic. The final Boolean search string was adapted for
each database and included the following key terms:
(“HAMLET” OR “Human Alpha-lactalbumin Made
Lethal to Tumor Cells”) OR (“BAMLET” OR “Bovine
Alpha-lactalbumin Made Lethal to Tumor Cells”) OR
“a-Lactalbumin” OR “Oleic Acid” AND (“Colorectal
Neoplasms”’[MeSH] OR “Colorectal Cancer”) AND
(“Antineoplastic Agents”’[MeSH] OR “Antitumor
Activity”) AND (“Signal Transduction”’[MeSH] OR
“Signaling Pathway”)

Only original research articles published in English
that investigated the cytotoxic or antitumor effects
of HAMLET or BAMLET complexes on colorectal
cancer cells were considered eligible for inclusion.
Studies were required to provide mechanistic insights
into molecular pathways, signaling cascades, or drug
interactions relevant to these compounds. While the
primary focus was on literature published from 2020
onwards, one earlier study from 2006 was also included
due to its unique contribution to elucidating the signaling
mechanisms of HAMLET-induced apoptosis. Articles
were excluded if they were review papers, conference
abstracts without full text, non-English publications,
or studies unrelated to colorectal cancer. In addition,
studies for which the full text was not accessible, or
whose scope did not directly align with the objectives of
this review, were omitted from the final selection.

The initial search retrieved 188 records. After
removing 27 duplicates, 161 articles remained for
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screening. Titles and abstracts were reviewed for
relevance, resulting in the exclusion of 112 articles due
to lack of direct relevance, unavailability of full text,
or non-English language. The remaining 49 articles
underwent full-text review. At this stage, studies were
excluded if they did not focus on colorectal cancer, were
review papers, or did not directly address the scope of
this review. The final set of eligible studies was included
for qualitative synthesis. The selection process is
illustrated in the PRISMA flow diagram (Figure 1).

Quality Assessment and Risk of Bias

To ensure methodological rigor, the quality of the
included studies was assessed independently by two
reviewers using the Cochrane Risk of Bias Tool for
randomized studies and the Newcastle-Ottawa Scale
(NOS) for non-randomized studies. Discrepancies
were resolved through discussion and consensus.
The assessment considered factors such as selection

bias, performance bias, detection bias, attrition bias,
and reporting bias. Studies were categorized as low,
moderate, or high risk of bias, and this evaluation
informed the interpretation of the findings.

Results
The Significance of Cellular
Colorectal Cancer Treatment

A thorough understanding of the molecular
mechanisms and biological pathways involved in the
progression and resistance of colorectal cancer (CRC)
is essential for developing targeted, minimally invasive,
and effective treatment strategies. In recent years, there
has been a growing interest in natural compounds with
selective cytotoxic properties, such as HAMLET and
BAMLET complexes. These compounds have shown
the ability to influence various processes, including
apoptosis, mitochondrial dysfunction, lysosomal
infiltration, and the regulation of signaling pathways

Mechanisms in

Enrollment

PubMed (n =48)

] Scopus (n=42)

Web of Science (n =37)
Google Scholar (n = 61)
Total records (n = 188)

Duplicate (n= 27)

A 4
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v

Records excluded (n=112)

Full-text articles reviewed (n =49)

' Studies included in synthesis (n = 6)
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» v Non-CRC focus

v reviews

v' maccessible texts

]

Figure 1. PRISMA flow diagram illustrating the systematic selection process of studies investigating BAMLET/HAM-

LET-based therapies in colorectal cancer published between 2020 and 2025. Out of 183 initially identified records, 47 dupli-

cates and non-relevant titles were excluded. After screening abstracts and full texts, 6 eligible articles were included in the final
qualitative synthesis.
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Table 1. Summary of Selected Studies on HAMLET/BAMLET Therapy in Colorectal Cancer (2020-2025)

Study Model/Type Targeted Pathways Key Findings Reference

In vitro Wnt/B-catenin, VEGF | P-catenin,, 1E-cadherin, suppressed 14
HT-29, HCT116 angiogenesis
In vitro Stemness, apoptosis TAnnexin V+ cells, | stemness markers 25
HT-29, HCT116
In vitro (cell lines) & ex vivo Mitochondrial HAMLET + FOLFOX reduced , [HAMLET + 24
(patient-derived tumor explants) respiration, FOLFOX viability (esp. in wild-type), WiDr
HT-29 (BRAF wild-type), WiDr apoptosis/necrosis, cells more resistant, bioenergetic profile
(BRAF-mutated), and ex vivo CRC  bioenergetics influences response
biopsies
In vivo (short-term and long-term  Wnt/B-catenin, PD-1, | tumor number and size, | expression of 20
treatment protocols) angiogenesis, oncogenic and immunosuppressive genes, T
BAMLET in drinking water carbohydrate/lipid survival without toxicity, | systemic disease in
ApcMin/+  mice  (genetically metabolism liver, lungs, spleen, kidneys
predisposed to intestinal tumors)
In vitro CKla, AKT/p-p- | CKla expression and AKT/p-B-catenin 16
HCT116 colorectal cancer cells catenin (S552), signaling, Inhibited  autophagy  flux,
(RAS-mutated) autophagy, apoptosis tapoptosis (confirmed by flow cytometry),

BAMLET enhanced effect of CK1a inhibitor

D4476
In vitro Mitochondrial HAMLET induced irreversible cytotoxicity 10
Caco-2 (KRAS/BRAF wild-type), respiration, in CRC cells, WiDr cells showed resistance,
LoVo (KRAS-mutant), WiDr apoptosis/necrosis, |mitochondrial respiration and ATP synthesis
(BRAF-mutant) bioenergetics in Caco-2 and LoVo

Cell death was predominantly necrotic with
slight apoptotic increase

Abbreviations: CRC — Colorectal cancer; HAMLET — Human o-lactalbumin made lethal to tumor cells; BAMLET — Bovine a-lactalbumin made
lethal to tumor cells; 5-FU — 5-Fluorouracil, VEGF — Vascular endothelial growth factor; PD-1 — Programmed cell death protein 1; CK1a — Casein
kinase 1 alpha; AKT — Protein kinase B; p-B-catenin (S552) — Phosphorylated p-catenin at serine 552; ATP — Adenosine triphosphate; ApcMin/+
— Adenomatous polyposis coli multiple intestinal neoplasia mouse model; BRAF — v-Raf murine sarcoma viral oncogene homolog B; KRAS —
Kirst .Notes: | indicates a decrease; 1 indicates an increase. “In vitro” refers to experiments conducted in cultured cell lines; “In vivo” refers to
experiments conducted in live animal models; “Ex vivo” refers toen rat sarcoma viral oncogene homolog experiments performed on tissues or cells

taken from an organism.

(12, 13) related to stemness and cell migration (as shown
in Table 1).

Investigating these pathways not only deepens our
understanding of their antitumor activity but also lays
the groundwork for designing combination therapies that
enhance cellular responsiveness to chemotherapeutic
drugs.

In over 90% of colorectal cancer cases, mutations in
key components of the Wnt/B-catenin signaling pathway
such as APC, B-catenin, or Axin lead to its constitutive
activation. This dysregulation drives the expression
of genes involved in cell proliferation, angiogenesis,
metastasis, and the maintenance of stemness in intestinal
epithelial cells. Recent studies have demonstrated that
BAMLET directly modulates this pathway across CRC
cell models, particularly in HT-29 and HCT116 cells.
BAMLET treatment resulted in decreased [-catenin
levels and increased E-cadherin expression, indicating
reduced nuclear B-catenin availability and suppression
of epithelial-mesenchymal transition (EMT) (14, 15).
Simultaneously, VEGF mRNA levels were diminished,
linking Wnt pathway attenuation to the inhibition
of angiogenic signaling. Mechanistically, BAMLET

impaired B-catenin nuclear translocation by reducing its
phosphorylation at Ser552 and inhibiting the AKT/p—3-
catenin axis. These effects collectively led to decreased
TCF/LEF transcriptional activity, ultimately reducing
stemness and proliferation in colorectal cancer cells. All
observed outcomes occurred within the experimentally
defined concentrations and exposure durations reported
in the respective studies (28, 29). A study by Babazadeh
et al. (2022) found that treatment of HT-29 and HCT116
cells with BAMLET (1.5 mg/mL, 24h) significantly
decreased [-catenin expression while increasing
E-cadherin expression. This indicates the inhibition
of the Wnt pathway and a reduction in cell migration.
Additionally, mRNA levels of VEGF were also reduced,
highlighting the anti-angiogenic effect of BAMLET
(14). In a separate study by Behrouj & Mokarram
(2023), BAMLET (1.4 mg/mL, 24h) was shown to
impair PB-catenin nuclear translocation by reducing
B-catenin phosphorylation at Ser552 and inhibiting the
AKT/p-B-catenin pathway. This disruption decreased
TCF/LEF-dependent transcriptional activity, which
plays a significant role in reducing both the stemness
and proliferation of colorectal cancer cells (16).
Moreover, HAMLET (10 mg/mL, 10 days) has been
demonstrated in animal models (ApcMin/+) to inhibit
the Wnt pathway by reducing B-catenin accumulation
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in the nucleus and disrupting TCF/LEF complexes.
This results in a reduced tumor burden and increased
survival (17). These effects are mediated through ion
channel-dependent pathways and the destabilization
of B-catenin. Taken together, the evidence indicates
that BAMLET interferes with B-catenin signaling at
multiple control points limiting Ser552 dependent
nuclear translocation, restoring epithelial adhesion via
E-cadherin, and curbing angiogenic outputs linked
to VEGF. Within the scope of the included literature,
mechanistic detail for HAMLET’s direct modulation
of Wnt signaling in CRC is more limited; however,
its antitumor actions converge on similar phenotypic
endpoints such ad reduced proliferation, stemness,
migration, and angiogenesis. Overall, both complexes
constrain Wnt/B-catenin pathway activity in colorectal
cancer models, with BAMLET currently supported by
more granular molecular evidence in vitro and disease-
modifying effects in vivo.

The PD-1/PD-L1 immune checkpoint axis is a
critical mechanism exploited by CRC cells to evade
immune surveillance. PD-1 (programmed cell death
protein-1) is a transmembrane receptor expressed
on activated T cells, B cells, and tumor-associated
macrophages (TAMs). Its engagement with its primary
ligand PD-L1, which is frequently overexpressed on
tumor cells and antigen-presenting cells within the tumor
microenvironment, transmits inhibitory signals that
dampen T cell receptor (TCR) signaling. This interaction
leads to reduced proliferation and cytokine production
by effector T cells, induction of T cell exhaustion, and
expansion of immunosuppressive regulatory T cells
(Tregs). In CRC, PD-L1 overexpression has been
associated with poor differentiation, lymphovascular
invasion, and reduced overall survival. Mechanistically,
oncogenic pathways such as Wnt/B-catenin and mutations
in the APC gene can upregulate PD-L1 transcription
via B-catenin/TCF4-mediated promoter activation,
further reinforcing immune evasion. The cumulative
effect is the establishment of an immunodeficient tumor
microenvironment characterized by impaired cytotoxic
CD8" T cell activity, increased TAM infiltration, and
suppression of antigen-specific immune responses.
Targeting this pathway with PD-1/PD-L1 blocking
antibodies has shown promise in restoring antitumor
immunity, particularly in microsatellite instability-high
(MSI-H) CRC, by reinvigorating exhausted T cells
and enhancing tumor cell killing. (18, 19). Recent
studies have indicated that BAMLET and HAMLET
can enhance their antitumor effects by modulating this
pathway. In a preclinical study conducted by Tran et
al. (2024), ApcMin/+ mice treated with BAMLET (10
mg/mL, 2 weeks) through drinking water exhibited
a decrease in the expression of genes associated with

the PD-1 and Wnt/B-catenin pathways. This treatment
resulted in increased survival rates and a reduced tumor
burden without causing toxicity (20). These findings
suggest that BAMLET not only inhibits cell proliferation
pathways but also boosts antitumor immune responses
by downregulating PD-1 expression. Additionally,
research by Jiang et al. (2025) demonstrated that PD-1
expression in tumor macrophages polarizes them toward
the M2 phenotype, diminishes their phagocytic activity,
and inhibits the production of IFN-y signaling molecules.
These effects are mediated through the JAK2-STAT3
pathway (21). Therefore, downregulation of PD-1
expression by compounds like BAMLET can reprogram
the immune function of macrophages and enhance
antitumor responses. In summary, The PD-1/PD-L1
immune checkpoint plays a pivotal role in immune
evasion in colorectal cancer by suppressing cytotoxic
T cell activity and fostering an immunosuppressive
tumor microenvironment. Evidence indicates that
BAMLET, and potentially HAMLET, can modulate
this pathway, thereby enhancing antitumor immunity.
Furthermore, downregulation of PD-1 expression can
reprogram tumor-associated macrophages from an
M2-like, immunosuppressive phenotype toward a more
pro-inflammatory, antitumor state, partly via inhibition
of the JAK2—STAT3 pathway. These findings suggest
that targeting PD-1 with compounds such as BAMLET
may simultaneously inhibit tumor growth pathways and
restore effective antitumor immune responses. BAMLET
and HAMLET not only exhibit direct cytotoxic effects
by targeting the PD-1 pathway but can also be viewed as
complementary agents in immunotherapy for colorectal
cancer through their regulation of both innate and
adaptive immunity (20, 21).

One of the key mechanisms behind the antitumor
effects of BAMLET and HAMLET is the induction
of programmed cell death through mitochondrial-
dependent pathways. This process involves the
penetration of the complex into cancer cells, leading to
the disruption of mitochondrial function, the release of
cytochrome ¢, and the activation of caspases 9 and 3.
In parallel, mitochondrial membrane depolarization
reduces oxidative phosphorylation efficiency, leading to
decreased ATP synthesis and accumulation of metabolic
intermediates such as NADH and succinate. These
changes promote the generation of reactive oxygen
species (ROS), which further damage mitochondrial
DNA and proteins, amplifying apoptotic signaling.
Additionally, the altered redox state and inhibition of
electron transport chain complexes I and II impair the
TCA cycle flux, lowering fumarate and malate levels and
reinforcing the pro-apoptotic shift in cellular metabolism.
Collectively, these events converge on the intrinsic
apoptosis pathway, ensuring selective elimination of
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malignant cells while sparing most normal cells. (22,
23). These events result in the destruction of cellular
structures and selective death of cancer cells. A study
by Zilinskas et al. (2023) demonstrated that HAMLET
(4.5 mg/mL, 24h) significantly decreased mitochondrial
respiration, reduced ATP synthesis, and increased the
population of apoptotic cells in the Caco-2 and LoVo
cell lines. In contrast, WiDr cells, which harbor a BRAF
mutation, exhibited greater resistance to HAMLET and
showed fewer alterations in mitochondrial function
(12). Additionally, research by Babazadeh et al. (2023)
reported that treating HT-29 and HCT116 cells with
BAMLET (1.5 mg/mL, 24h) resulted in a significant
increase in the apoptotic cell population. Using Annexin
V-FITC/PI staining and flow cytometric analysis, the
percentage of cells undergoing early and advanced
apoptosis in the treated groups exceeded 28% and 24%,
respectively. This indicates that BAMLET activates the
mitochondrial dysfunction-dependent apoptosis pathway
and selectively targets cancer cells (26). Furthermore, a
study by Zilinskas et al. (2024) revealed that combining
HAMLET (1.4 mg/mL, 3h) with the FOLFOX
chemotherapy regimen enhanced cell death and caused
more extensive impairment of mitochondrial function
in ex vivo patient samples, particularly in those without
BRAF mutations (24). This suggests a synergistic effect
of the combination in targeted therapies. In summary,
BAMLET and HAMLET are effective in inhibiting
the growth of colorectal cancer cells by targeting
mitochondrial function and activating apoptosis
pathways. These characteristics make them promising
options for complementary treatments with fewer side
effects in refractory cancers. Moreover, their ability to
modulate additional oncogenic and immune-evasion
pathways, such as Wnt/B-catenin and PD-1/PD-L1,
further broadens their therapeutic potential. Integrating
these agents into multimodal treatment strategies could
enhance efficacy, overcome drug resistance, and improve
long-term patient outcomes.

Recent studies have highlighted an important
mechanism through which BAMLET and HAMLET
exert their effects on colorectal cancer cells: lysosomal
membrane permeabilization (LMP) and the induction
of non-apoptotic cell death. Upon accumulation in
the endolysosomal compartment, these complexes
trigger the release of lysosomal proteases such as
cathepsins B and D into the cytosol, which in turn
activate pro-apoptotic mediators like Bax and promote
mitochondrial outer membrane permeabilization.
This cascade is accompanied by the activation of
stress-responsive kinases, including JNK and p38
MAPK, and suppression of survival pathways such as
PI3K/AKT, ultimately driving a caspase-independent
cell death program that selectively targets malignant
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cells (20, 27, 30) Rammer et al. (2010) found that
BAMLET selectively accumulates in the endolysosomal
compartment of cancer cells, leading to the leakage of
lysosomal enzymes, such as cathepsins, into the cytosol.
This leakage activates cell death proteins like Bax and
triggers a caspase-independent cell death pathway (27).
Similarly, the research conducted by Zilinskas et al.
(2023) demonstrated that HAMLET (4.5 mg/mL, 24h)
induces necrotic and irreversible cell death in colorectal
cancer cell lines with KRAS/BRAF mutations, without
activating the classical apoptosis pathway. This effect
was particularly evident in apoptosis-resistant cells, such
as WiDr, indicating HAMLET’s ability to overcome drug
resistance and activate alternative cell death pathways
(12). Another study confirmed that BAMLET also
accumulates in the endolysosomes of colorectal cells,
causing lysosomal membrane permeabilization. This
process results in the release of proteolytic enzymes, like
cathepsins, into the cytosol, further activating caspase-
independent cell death pathways, often accompanied by
Bax activation (27). Together, these findings suggest that
the lysosomal penetration of BAMLET and HAMLET
not only disrupts cellular structures but also effectively
targets resistant cancer cells by circumventing apoptotic
resistance. This distinctive characteristic positions
them as promising candidates for adjuvant therapies in
colorectal cancer. Furthermore, their ability to trigger
caspase-independent cell death through -cathepsin
release and modulation of stress-activated kinases (such
as JNK and p38 MAPK) broadens their therapeutic
relevance against apoptosis-resistant tumors. Integrating
these agents into multimodal treatment regimens could
enhance overall efficacy, reduce the likelihood of
resistance, and improve long-term patient outcomes.

Conclusion

Current scientific literature suggests that BAMLET
and HAMLET complexes exhibit multifaceted
effects that position them as promising candidates for
complementary and targeted therapies in colorectal
cancer treatment, including inhibition of the Wnt/
B-catenin signaling pathway, downregulation of
PD-1 expression, induction of apoptosis through
mitochondrial dysfunction, and lysosomal infiltration.
These complexes have demonstrated the ability to
selectively induce apoptosis in colorectal cancer cells
while preserving the integrity of healthy cells; preclinical
studies show that oral BAMLET administration in
animal models significantly reduces tumor burden and
enhances survival rates, while HAMLET has exhibited
substantial efficacy in KRAS/BRAF-mutated cell lines,
leading to irreversible cell death. Given the prevalence
of drug resistance among colorectal cancer patients,
combining BAMLET or HAMLET with established
chemotherapeutic agents such as 5-FU may enhance
treatment efficacy and reduce adverse effects, and their
biocompatibility and natural origin further support their
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potential for development into oral or topical formulations
with favorable safety profiles. Future research should
prioritize well-designed human clinical trials to confirm
safety, efficacy, and optimal dosing regimens; elucidate
precise molecular interactions and downstream
signaling events in both tumor and immune cells;
explore combination strategies with immunotherapies
and targeted agents to overcome resistance; improve
formulations for enhanced bioavailability and targeted
delivery; and assess long-term effects on recurrence,
metastasis, and patient quality of life. By addressing
these directions, BAMLET and HAMLET could
transition from promising preclinical agents to clinically
relevant therapeutics, opening new.

Conflict of Interest
The author declared that they have no conflict of
interest.

Acknowledgment

The author would like to express sincere gratitude
to Dr. Pooneh Mokarram, professor of Clinical
Biochemistry, for her guidance and for opening the path
to this research direction.

References

1. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal A.
Colorectal cancer statistics. CA Cancer J Clin. 2023; 73(3),
233-2547 https://doi.org/10.3322/caac.21772.

2. Patel SG, Karlitz JJ, Yen T, Lieu CH, Boland CR. The
rising tide of early-onset colorectal cancer: a comprehensive
review of epidemiology, clinical features, biology, risk
factors, prevention, and early detection. Lancet Gastroenterol
Hepatol. 2022; 7(3), 262-274] https://doi.org/10.1016/S2468-
1253(21)00426-X.

3. Rahimi F, Rezayatmand R, Tabesh E, Tohidinik HR, Hemami
MR, Ravankhah Z, et al. Incidence of colorectal cancer in
Iran: A systematic review and meta-analysis. J] Res Med Sci.
2024; 29(1), 657 https://doi.org/10.4103/jrms.jrms11023.

4. Darbandi M, Khorrami Z, Karamoozian A, Aboubakri O,
Miryan M, Rezakhani L, et al. A comparison of the burden
of cancers between 1990 and 2019 in Iran: A national and
subnational study. PLoS One. 2025; 20(2):0309699. https://
doi.org/10.1371/journal.pone.0309699.

5. Jafari A, Hosseini FA, Jalali, FS. A systematic review of the
economic burden of colorectal cancer. Health Sci. Rep. 2024;
7(8), 700027 https://doi.org/10.1002/hsr2.70002.

6. Asma ST, Acaroz U, Imre K, Morar A, Shah SRA, Hussain
SZ, et al. Natural Products/Bioactive Compounds as a Source
of Anticancer Drugs. Cancers. 2022; 14(24):6203. https://doi.
org/10.3390/cancers14246203.

7. Hékansson A, Zhivotovsky B, Orrenius S, Sabharwal H,
Svanborg C. Apoptosis induced by a human milk protein.
Proc Natl Acad Sci U S A. 1995; 92(17):8064-8. https://doi.
org/10.1073/pnas.92.17.8064.

8. Wang M, Liu X, Chen T, Cheng X, Xiao H, Meng X, Jiang
Y. Inhibition and potential treatment of colorectal cancer
by natural compounds via various signaling pathways.
Front Oncol. 2022; 12:956793.9. https://doi.org/10.3389/
fonc.2022.956793.

9. Islam MR, Akash S, Rahman MM, Nowrin FT, Akter T, Shohag
S, et al. Colon cancer and colorectal cancer: Prevention and
treatment by potential natural products. Chem Biol Interact.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2022; 368:110170. https://doi.org/10.1016/j.cbi.2022.110170.
Zacatecas Z, Campus, II. Perspective of the Use of Hamlet
as Palliative in Patients Undergoing Chemotherapy.
Acta Sci. Med. Sci. 2024; 8(7)] https://doi.org/10.31080/
ASMS.2024.08.1842

Ho JC, Nadeem A, Svanborg C. HAMLET-A protein-
lipid complex with broad tumoricidal activity. Biochem
Biophys Res Commun. 2017; 482(3), 454-458] https://doi.
org/10.1016/j.bbrc.2016.10.092.

Zilinskas J, Stukas D, Jasukaitiené A, gapauskiené J, Baniené
R, Trumbeckaité S, et al. HAMLET effect on cell death and
mitochondrial respiration in colorectal cancer cell lines with
KRAS/BRAF mutations. J. Cancer Res. Clin. Oncol. 2023;
149(11):8619-8630. https://doi.org/10.1007/s00432-023-
04777-0

Zilinskas J. HAMLET Complex and FOLFOX Chemotherapy
Impact on Colorectal Cancer Cells and Tissues with Different
KRAS/BRAF Mutations. Doctoral dissertation, Lithuanian
University of Health Sciences (Lithuania))]2024.

Babazadeh M, Zamani M, Mehrbod P, Mokarram P. The
Comparative Role of BAMLET and 5-Fluorouracil in
Colorectal Cancer Cells by Targeting WNT/B-Catenin
Pathway.Int J Cancer Manag. 2022; 15(9):e123140. https://
doi.org/10.5812/ijcm-123140.

Zhao H, Ming T, Tang S, Ren S, Yang H, Liu M, et al. Wnt
signaling in colorectal cancer: pathogenic role and therapeutic
target. Mol Cancer. 2022; 21(1), 144. https://doi.org/10.1186/
$12943-022-01616-7.

Behrouj H, Mokarram P. BAMLET (Bovine o-lactalbumin
made lethal to tumor cells) inhibits autophagy flux and
induces apoptosis via down-regulation of protein kinase CK1a
and attenuation of the AKT/p-B-catenin (S552) pathway in
RAS-mutated human colorectal HCT 116 cells. Iran J Basic
Med Sci. 2023; 26(10):1212-1219. https://doi.org/10.22038/
1JBMS.2023.69343.15114.

Puthia M, Storm P, Nadeem A, Hsiung S, Svanborg C.
Prevention and treatment of colon cancer by peroral
administration of HAMLET (human o-lactalbumin made
lethal to tumour cells). Gut. 2014; 63(1):131-142. https://doi.
org/10.1136/gutjnl-2012-303715.

Payandeh Z, Khalili S, Somi MH, Mard-Soltani M,
Baghbanzadeh A, Hajiasgharzadeh K, et al. PD-1/PD-L1-
dependent immune response in colorectal cancer. J. Cell.
Physiol. 2020; 235(7-8), 5461-5475. https://doi.org/10.1002/
jcp.29494.

Dosset M, Vargas TR, Lagrange A, Boidot R, Végran F,
Roussey A, et al. PD-1/PD-L1 pathway: an adaptive immune
resistance mechanism to immunogenic chemotherapy in
colorectal cancer. Oncoimmunol, 2018; 7(6), ¢1433981.
https://doi.org/10.1080/2162402X.2018.1433981].

Tran HT, Wan MLY, Ambite I, Cavalera M, Grossi M, Hacek
J, et al. BAMLET administration via drinking water inhibits
intestinal tumor development and promotes long-term health.
Sci Rep. 2024; 14, 3838. https://doi.org/10.1038/s41598-024-
54040-w.

Jiang H, Pang J, Li T, Akofala A, Zhou X, Yi C, et al. PD-1
regulates the anti-tumor immune function of macrophages
through JAK2-STATS3 signaling pathway in colorectal cancer
tumor microenvironment. J Transl Med. 2025; 23(1):502.
https://doi.org/10.1186/s12967-025-06469-4

& Svanborg, C. (2008). Apoptosis and tumor cell death in
response to HAMLET (human a-lactalbumin made lethal to
tumor cells). Bioactive components of milk, 217-240]
Hallgren O, Aits S, Brest P, Gustafsson L, Mossberg AK,
Waullt B, et al. Apoptosis and Tumor Cell Death in Response
to HAMLET (Human a-Lactalbumin Made Lethal to Tumor
Cells). In: Bosze, Z. (eds) Bioactive Components of Milk.
Advances in Experimental Medicine and Biology, vol 606.

Acta Biochimica Iranica 2025, 3(3): 125-132



https://doi.org/10.3322/caac.21772
https://doi.org/10.1016/S2468-1253(21)00426-X
https://doi.org/10.1016/S2468-1253(21)00426-X
https://doi.org/10.1371/journal.pone.0309699
https://doi.org/10.1371/journal.pone.0309699
https://doi.org/10.1002/hsr2.70002
https://doi.org/10.3390/cancers14246203
https://doi.org/10.3390/cancers14246203
https://doi.org/10.1073/pnas.92.17.8064
https://doi.org/10.1073/pnas.92.17.8064
https://doi.org/10.1016/j.cbi.2022.110170
https://doi.org/10.31080/ASMS.2024.08.1842
https://doi.org/10.31080/ASMS.2024.08.1842
https://doi.org/10.1016/j.bbrc.2016.10.092
https://doi.org/10.1016/j.bbrc.2016.10.092
https://doi.org/10.1007/s00432-023-04777-0
https://doi.org/10.1007/s00432-023-04777-0
https://doi.org/10.5812/ijcm-123140
https://doi.org/10.5812/ijcm-123140
https://doi.org/10.1186/s12943-022-01616-7
https://doi.org/10.1186/s12943-022-01616-7
https://doi.org/10.22038/IJBMS.2023.69343.15114
https://doi.org/10.22038/IJBMS.2023.69343.15114
https://doi.org/10.1136/gutjnl-2012-303715
https://doi.org/10.1136/gutjnl-2012-303715
https://doi.org/10.1002/jcp.29494
https://doi.org/10.1002/jcp.29494
https://doi.org/10.1038/s41598-024-54040-w
https://doi.org/10.1038/s41598-024-54040-w
https://doi.org/10.1186/s12967-025-06469-4

M Babazadeh

24.

25.

26.

27.

Springer, New York, NY. 2008; https://doi.org/10.1007/978-
0-387-74087-4_8.

Hallgren O, Gustafsson L, Irjala H, Selivanova G, Orrenius S,
Svanborg C. HAMLET triggers apoptosis but tumor cell death
is independent of caspases, Bcl-2 and p53. Apoptosis. 2006;
11, 221-233. https://doi.org/10.1007/s10495-006-3607.
Zilinskas J, Stukas D, Jasukaitiené A, Zievyté 1, Balion Z,
Sapauskiené J, et al. Assessing the Therapeutic Impacts of
HAMLET and FOLFOX on BRAF-Mutated Colorectal
Cancer: A Study of Cancer Cell Survival and Mitochondrial
Dynamics in Vitro and Ex Vivo. Medicina. 2024; 60(1):142.
https://doi.org/10.3390/medicina60010142.

Babazadeh M, Zamani M, Mehrbod P, Mokarram P.
Stemness targeting of colorectal cell lines mediated by
BAMLET and 5-Flourouracil. Biochem Biophys Res
Commun. 2023; 664:136-141. https://doi.org/10.1016/].
bbre.2023.04.010.

Rammer P, Groth-Pedersen L, Kirkegaard T, Daugaard

28.

29.

30.

Acta Biochimica Iranica

M, Rytter A, Szyniarowski P, et al. BAMLET activates a
lysosomal cell death program in cancer cells. Mol. Cancer
Ther. 2010; 9(1), 24-32] https://doi.org/10.1158/1535-7163.
mct-09-0559.

Wu X, Que H, Li Q, Wei X. Wnt/B-catenin mediated signaling
pathways in cancer: recent advances, and applications in
cancer therapy. Mol. Cancer. 2025; 24(1):171. Published 2025
Jun 10. http://doi:10.1186/512943-025-02363-1.

Yang Z, Manshour N, He X, Epp M, Unruh J, Mao X, et
al. Overcoming Immune Escape Via Targeting Akt-Wnt/p-
Catenin By Artificial-Intelligence-Powered Peptide-Producing
mRNAs. 2024; Blood, 144, 1062] https://doi.org/10.1182/
blood-2024-200368.

Hoque M, Dave S, Gupta P, Saleemuddin M. Oleic acid may
be the key contributor in the BAMLET-induced erythrocyte
hemolysis and tumoricidal action. PLoS One. 2013;
8(9):¢68390. Published 2013 Sep 11. Http://doi:10.1371/
journal.pone.0068390.

Acta Biochimica Iranica 2025, 3(3): 125-132


https://doi.org/10.1007/978-0-387-74087-4_8
https://doi.org/10.1007/978-0-387-74087-4_8
https://doi.org/10.3390/medicina60010142
https://doi.org/10.1016/j.bbrc.2023.04.010
https://doi.org/10.1016/j.bbrc.2023.04.010
https://doi.org/10.1158/1535-7163.mct-09-0559
https://doi.org/10.1158/1535-7163.mct-09-0559
http://doi:10.1186/s12943-025-02363-1
https://doi.org/10.1182/blood-2024-200368
https://doi.org/10.1182/blood-2024-200368
Http://doi:10.1371/journal.pone.0068390
Http://doi:10.1371/journal.pone.0068390

	Investigating the Antitumor Effects of α-Lactalbumin-Oleic Acid Complexes (HAMLET and BAMLET) in Col
	A B S T R A C T 
	Keywords
	Introduction
	Methods
	Literature Search Strategy  
	Inclusion and Exclusion Criteria 
	Study Selection Process 
	Quality Assessment and Risk of Bias 

	Results
	The Significance of Cellular Mechanisms in Colorectal Cancer Treatment 
	Effects on the Wnt/β-catenin Pathway in Colorectal Cancer Cells 
	Effect of the PD-1 Pathway on Immune Regulation in Colorectal Cancer 
	Apoptosis and Mitochondrial Dysfunction in CRC Cells 
	Lysosomal Permeabilization and Non-Apoptotic Cell Death 

	Conclusion
	Conflict of Interest 
	Acknowledgment 
	References


