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Abstract

Thyroid cancer is one of the most common endocrinological malignancies, being 1% of all malignancies. The incidence has been
increasing worldwide during the last decades, especially in industrial countries, because refractory to radioiodine treatment, tumor
recurrence or drug resistance. In recent years important molecular pathways contributing to tumor progression and worse survival
rates have been identified in iodine-refractory differentiated thyroid carcinoma (DTC). Among the molecular therapeutics to target
these specific oncogenic pathways, dehypermethylation drugs (methylation inhibitors) have showed more promising outcomes in
comparison with conventional treatments. Furthermore, therapeutic effects of HAMLET have been demonstrated in human skin
papillomas and bladder cancers. HAMLET limits the progression of human glioblastomas, with no evidence of toxicity for normal
brain or bladder tissue. In the present study we aimed to analyze the gene expression pattern of the effect of the oral administration
of HAMLET (complex of lipid-protein) in a patient with thyroid cancer before surgery and radio iodination treatment. Under the
clinic settings, established for the study, and using DNA microarrays, we have determined the pattern of genes up and regulated, and
the functionality of these genes through REACTOME base data. Altogether, we have found that, the effect of the oral administration
of HAMLET is toward influence a higher number of down regulated genes (around 70 genes), and no difference of the up regulated
genes with respect to healthy individual. The number of pathways affected by both up (n = 109), and down regulated genes (n =
41). Mostly affecting chromatin organization. Developmental biology, circadian clock, Metabolism of proteins, immune system, DNA
repair, organelle biogenesis and maintenance, cell cycle, gene expression (transcription). Therefore, our data are in agreement with
the fact that the integration of epigenetic and genetic targeted therapies represent a promising avenue for prophylactic treatments

against tumor progression.
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Introduction

Cancer, a multifactorial disease characterized by a dysregulated
proliferation of cells, It is a serious public health problem. It is one
of the most frequent cases of death, rising to 14 million worldwide.
Indeed it represents the second cause of death in developd
countries and undeveloped countries [1]. Therapeutic effects
of HAMLET have been demonstrated in human skin papilloma
and bladder cancers. HAMLET limits the progression of human
Glioblastomas, and no evidence of toxicity for normal brain or
bladder tissue [2]. Amogn the factores that predisponse to cancer,
the diet, the lifestyle and the genetic to name a few. The immune
environment and the environment surrounding the cancerous cells
plays a pivotal role in the progression of the disease. The immune
environment and the environment surrounding the cancerous cells
plays a pivotal role in the progression of the disease. The immune
system has two major checkpoints PD1, and CTLA4 [3], In disease,
CD4+ T cells of the immune system have the capacity to selectively
recognize and kill pathogens or unhealthy cells, including cancer
cells. T lymphocytes are able to follow a coordinated program
of innate and adaptive immune response to overcome cancer
antigens, and or cancer’s ability to resist the immune responses [3].
But what is th PD-1/PD-L1 pathway?, the PD-1 (programmed cell
death-1) recéptor is expressed on the surface of activated T cells. Its
ligands, PD-L1 and PD-L2 are expressed on the surface of dendritic
cells or macrophages. PD-1/PD-L1 interaction ensures that the
immune system is activated only at the appropriate time in order
to minimize autoimmune inflammation [2,3]. A potential therapy
described since some decades ago is the alpha-lacto albumin, a
small protein that possess several factty acid binding sites, a molten
globule like state conformation complexed with a C18:1 fatty:acid
oleic acid latter termed as human alpha-lacto albumin made lethal
to tumor cells [4,5]. Current therapies are based for example on
monoclonal antibody therapies against PD-1 and PD-L1, including:
Nivolumab, Pembrolizumab, an anti-PD1 drug approved for
previously treated metastatic melanoma and squamous non-small
cell lung cancer [6,7]. Furthermore, one of the most used nowadays
is the adoptive T cell therapy which involves tumor-specific T cells
from patients and then expanding these ex vivo. Thereafter, the
tumor-specific T cells can then be infused into patients to give their
immune system the ability to overwhelm remaining tumor cells,
and Tumor specificity must be induced in PBLs either through

antigen specific expansion or genetic engineering. Another type of
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adoptive cell therapy is CAR T cell therapy. T cells are engineered
to express chimeric antigen receptors (CARs) that recognize cancer
specific antigens [8-10]. In this way, researchers can manipulate
and prime it to recognize and Kkill tumor cells that hamper escape
immune detection. Furthermore, a potential therapy described
since some decades ago is the alpha-lacto albumin, a small protein
that possess several factty acid binding sites, a molten globule like
state conformation complexed with a C18:1 fatty:acid oleic acid
latter termed as human alpha-lacto albumin made lethal to tumor
cells [4,5,11]. It has several other properties, such as antimicrobial,
antiviral properties, and it is able to inhibit hem agglutination
mediated by the Reovirus strain type 3 Dearing (T3D) (Hakansson,,
et al. 2000; Pettersson., et al. 2006) [4,5]. Of relevance is that
experimental evidences in vivo have also shown that high doses of
alpha-LA have effects in signalization pathways in cellular apoptosis
and necrosis, enhances the expression levesl of active caspase 3,,
caspase 8. Another effect observed is that alpha-LA enhances the
expression levesl of cytochrome c, exracellular signals regulated
kiase (ERK1/2), and c-jun N-terminal kinase (JNK) activation.
without changing the protein levels, but suppressing the protein
level of Bcl2 [4,5]. The mechanism of action of HAMLET proposed
is that it involves the interaction of the alpha-LA: oleic acid
complex, or named also a lipoprotides with membranes increasing
the fluidity of membranes, resulting in the disruption of the plasma
membrane is a major factor to liporprotide toxicity towards cancer
cells. Interestingly, extracellular Ca2+ influx activate the plasma
membrane repair system, and the removal of Ca2+ from the medium
enhanced the lipoprotides killing effect [4,5]. Finally, the complex
of this proteins with lipids that possess immunomodulatory
activity. Indeed, alpha-LA has a direct effect on B lymphocyte
function, and is also able to suppress T cell-dependent and T cell-
independent responses [12,13]. In the light of these studies, and
in relation in particular to the tyroid carcinoma [14,15] recent
studies have re'ported that E-Cadherin, CD56, and galectin-3
could be useful as biomarkers a marker that has been implicated
in normal cellular proliferation and apoptosis [16-19]. By other
hand, it is of relevance is that is in the tumor progression, iodine
refractory differentiated thyroid carcinoma (DTC) that have be able
to identify the molecular pathways that dictating the progression
of the malignancy (20-. It has been further contributing to the
learning and understanding of the molecular mechanism of both

survival, resistance, mutations, with the consequent development
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of molecular therapeutics to target these specific oncogenic
pathways. Thus it is very interesting that for aggressive thyroid
cancer (i.e. anaplastic) dehypermethylation drugs (methylation
inhibitors) have showed more promising outcomes in comparison
with conventional treatments [20-31], The objective of this study
is to analyze the gene expression pattern before and after oral
administration of HAMLET in an patient with thyroid cancer using
DNA microarrays. The functionality of the genes analyzed with
Reactome data base. Altogether, we found that oral administration
of HAMLET in patient (s) with thyroid cancer increase the number
of up and down regulation of genes, their functionality (higher
number of reactions and probability to affect certain pathway, << p
values), e.g. Immune system (FOXP3, IL17RF), cell cycle, chromatin
organization, gene expression (transcription), metabolism of RNA,
metabolism of proteins, muscle contraction, transport of small
molecules, circadian clock, reactions that might serve as target to

improve the hamlet therapeutic use for other cancers.

Case Report

The study and all medical research procedures with human
subjects, including research with identifiable human material and
data, were approved by the Research Ethics Committee of Zacatecas,
“Luz Gonzalez Cosid” General Hospital CONBIOETICA-32-CEI-001-
20180807. Untreated healthy patient and patient with condition
treated with HAMLET gave signed written consent. Adverse events
and reactions were systematically monitored throughout the
study. Clinic parameters (hematic biometry, urine determination
of parameters were carried out in a private Lab of Clinic Analyses.
LABCON, Col. Encantada. Guadalupe, Zacatecas. MX).

Procedure

Individual diagnosed with thyroid cancer were instructed to
take a 30 milliliter dose HAMLET early in the morning every four
days (Figure 1A) for two weeks. At each time point, feces and urine
were collected for further clinical analysis. Individual were advised
not to eat food before oral administration of HAMLET. Similarly,
were instructed not to drink any probiotics during the study
period. Blood was collected only before and after the last doses of
HAMLET (Figure 1).

Gene expression pattern determination

RNA extraction from whole blood was performed using a KIT
and following the manufacturer’s instructions (AMBION, Life

technology). The integrity of the RNA was recorded in an agarose
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gel 1% in TBE 0.5 X and stained with Green loading buffer. The
preparation of the microarrays was carried out according to the
standardized method in the Microarray Unit of the Institute of
Cellular Physiology of the UNAM: Mexico City. Briefly, cDNA was
prepared from the RNA of the control and test samples before and
after oral administration of HAMLET. Each CDNA from the control
(M1 and M3) was hybridized with the human chip (n = 10,000
genes) as well as from the problem (R1 and -R2). The results
obtained from image quantification were analyzed with Genarise.
The lists of regulated UP and/or DOWN genes are reported for two
Z-Score cuts (1.5 and 2.0). Statistical analyzes were performed
using Graph Pad Prism 6.0 (CA, USA) using nonparametric analysis
of variance (ANOVA). A p < 0.05 was considered significant.

Results

Oral administration of HAMLET induces a greater number of
up-regulated (Up) than down-regulated (Down) genes in a patient

with thyroid cancer.

The analysis of oral administration of HAMLET in an individual
diagnosed with cancer was determined following the protocol in
Figure 1 and using microarray technology. Total RNA was prepared
following the manufacturer’s instructions (Ambion, USA) (Figure
1). The cDNA of both the control and the problem individual,
respectively, was hybridized with the DNA chip (n = 10,000 genes)
(Microarray Unit, IFC.UNAM).

The first analysis of how many genes are down or up regulated
after oral administration of HAMLET to an individual diagnosed
with thyroid cancer, showed that most of the genes either in the
control (H1 vs H1"), or the patient with thyroid cancer (P1 vs
P1’), are downregulated (Table 1). Interestingly when comparing
the patient before and after oral administration, the number
of genes for one side the number of UP regulated genes were
lowest, and after oral administration the number of genes down
regulated were the highest than the rest of the compared groups.
Furthermore, the while the number of up regulated genes in the
healthy versus unhealthy and before oral administration (n =
232) the number of down regulated genes were the lowest (Table
1). The gene expression pattern of the healthy individual versus
the patient before the oral administration with HAMLET was
compared. Thus, the number of upregulated genes was greater (n
= 275) than the number of downregulated genes (n = 125) while

that after two weeks and at the 4th dose of administration with
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HAMLET the number of genes that were upregulated versus the
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healthy individual was 230 compared to the number of genes that

were downregulated (n = 172).
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Figure 1: Scheme protocol design for the gene expression pattern before and after oral administration of HAMLET to an indi-

vidual diagnosed with thyroid cancer. To approach this, and after the written consent informed of the participant (s) (health and

sick individual) (A). RNA was prepared from whole blood extracted and analyzed in agarose gel 1% in TBE 0.5X and stained with

Green loading buffer. (B) cDNA was prepared following manufacturer’s instructions. Gene expression pattern analysed using

microarrays tecnologies, crude extracted data of DNA-cDNA microarrays (C) (Unit of IFC. UNAM.).

Table 1. Most of the genes are down regulated after oral
administration of HAMLET in a patient with thyroid cancer.

Sample up DOWN
H1 vs H1’ 252 159
P1 vs P1’ 167 200
H1 vs P1 275 125
H1 vs P1’ 209 181
H1’ vs P1 232 83
H1’ vs P1’ 230 17".2

*Genarise program to analyze the gene expression pattern reported for two Z score cuts

(2 SD) of the up and down regulated. Statiscal analysas wera parformed using Gtaph Pad
Prism (Ca, USA). A p< 0.05 was considerad significant. H1 and H1', healthy individual. P1
and P1" indmidual with thyroid cancer before and treatment with HAMLET

Up and down regulation genes after oral administration of

HAMLET in patient with thyroid cancer.

The effect of the oral administration of HAMLET to a patient with

(IFC, UNAM. CDAD MEXICO) and expressed as heat maps, indicated

by the fold of change as the Z score of the UP regulated (2.87 to 4)
and Down regulated (-2.0 to -4.87).

Thyroid cancer was determined using the microarrays technology

Citation: Gloria G Guerrero-Manriquez, et al. “Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made
Lethal to Tumor Cells (HAMLET) in a Thyroid Cancer Diagnosed Individual". Acta Scientific Medical Sciences 9.3 (2025): 119-135.



Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made Lethal to Tumor Cells (HAMLET) in

a Thyroid Cancer Diagnosed Individual

The gene expression pattern of the most up and down regulated
in a healthy individual without treatment is shown in Figure 2A. Up
regulated genes, from 3.5 to 4.0 encoding molecular components
of the myelopoiesis (CXXC5), oxygen transport (HBD), nucleolus
organization (ACTR6), cell cycle progression (SIVA), signal
transduction (PDE4B), Down regulated genes with a Z values of
-2.00 to -2.5encoding proteins involved in cell-cell adhesion and
motility (LPP), in vesicle trafficking (FIG4), cellular response to
stimuli (VN1R1), respiratory chain (NDUFAG), and actin-binding
proteins (ACTR3) (see supplementary material on the identity of
the ten most up or down regulated genes).
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Secondly, the patient with thyroid cancer before (P1) and after
treatment with HAMLET (P1’). From the analysis of the Up and
down regulated genes. Up regulated genes encoding genes with a
Z score value of 3.5 to 4.0 fold change, involved in Hypothyroidism
disease (C100rf88), cellular response to stimuli (ARNTL2),
cell cycle (CCNC), Immune system (FOXP3), transport of small
molecules (SLC2AS3). Down regulated genes with a Zscore of -2.0
to -2.5, involved in signalization in cancer, marker of progressive
cancer (STK17B), Immune system (IL-17RB), mitotic cycle
(PTPN13), fatty acid uptake, fatty acid binding) (FABP5), small
subunit processome, and RNA binding (CGI-48/UTP18) (Figure
2B).

A B
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Figure 2: Heat map of the gene expression pattern of the effect of oral administration of HAMLET. A. Up regulated genes in

healthy individual with Z values from 2.0 to 4.0 encoding molecular components that participate in different processes of the

human biology, such as myelopoiesis (CXXC5), oxygen transport (HBD), nucleolus organization (ACTR6), cell cycle progression

(SIVA), signal transduction (PDE4B), Down regulated genes with a Z values of -2.00 to -4.0 encoding proteins involved in cell-cell
adhesion and motility (LPP), in vesicle trafficking (FIG4), cellular response to stimuli (VN1R1), respiratory chain (NDUFAG),
and actin-binding proteins (ACTR3). B. Patient with thyroid cancer before (P1) and after oral administration of HAMLET (P1’).

Up regulated genes encoding genes involved in Hypothyroidism disease(C100rf88), cellular response to stimuli (ARNTL2), cell

cycle (CCNC), Immune system (FOXP3), transport of small molecules (SLC2AS3). Down regulated genes, Signal transduction
(STK17B), Immune system (IL-17RB), mytotic cycle (PTPN13), FABP5 (fatty acid uptake), Small subunit process some (CGI-48).

Third

Gene expression pattern of the untreated patient with HAMLET
(P1) was analyzed versus the gene expression pattern of healthy

individual at time zero (Figure 3A). From the heat map we mostly
pay attention to the ten of the most up and down regulated genes

which identity is provided in the supplementary material. Up
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regulated genes in healthy individual (H1) versus untreated patient
(P1) at time zero with Z values from 2.0 to 4.0 encoding molecular
components for signal transduction (ARF5), DNA binding (ETS1),
tubulin superfamily, centrosome organization (TUBE1), signal
transduction (AVPR2), Ribosome assembly (DDX56). Down
regulated genes with a Z values of -2.00 to -4.0 encoding proteins
involved in the activation of oncogenic signaling pathways (LIFR),
regulate collagen fibril organization (LUM), fatty acid elongase
involved in a disease related with lysosomal storage and lipid
metabolism (ELOVL6). Fibroblast growth factor. Protein involved
in cell multiplication and maturation, as well as the formation of
new blood vessels, wound healing, and the growth, development
and maintenance of bones (FGFR2). Furthermore, the gene
expression of healthy individual (H1) versus the treated patient
(P1) with HAMLET induced also up and down regulated genes
(Figure 3B) (see suppl material for the identity of the ten most
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down regulated genes), is different from the untreated patient
(P1). Up regulated genes with Z values from 2.0 to 4.0 encoding
molecular components involved in estradiol-binding activity
and can modulate intracellular estradiol levels (PDIP), stimulate
migration and proliferation of monocytes and skin fibroblasts
(ELN), catalyze protein synthesis (RPS28), Signal transduction,
oncogenic pathways (RAB2), role in growth and development
of a wide variety of tissues and species (NHLH1), Cell cycle and
apoptosis regulator 2 (DBC1). Down regulated genes with a Z score
value of -2.0 to -4.0 encoding molecular components involved in
repressor function in several signaling pathways and may bind to
RNA through interaction with spliceosome components (RBM15),
polyamine metabolism (MTAP), immune system (proinflammatory
cytokine TNFSF8), syalyl transferase in B cell development
(SIAT48), and transport of small molecules (ABCF3) (Figure 3B).
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Figure 3: Reactome database of pathways and reactions in which Up and Down regulated genes encoding molecular compo-

nents are affecting. The p-values represent the probability that a list of identifiers (genes up or down regulated) affected certain

pathway. Thus, here it is shown a summary according to the p values from tables 2A-F, the Up and down regulated genes affect-

ing a number of pathways in healthy individual (H1, H1") and patient with thyroid cancer (P1, P1’) before or after oral adminis-

tration of HAMLET. There is a differential effect between healthy individual and the patient in the number pathways affected by

the down regulated genes, and most of them affect e.g. Metabolism of RNA; Metabolism of proteins, hemostasis, developmental

biology, hemostasis, gene expression (transcription), muscle contraction, as well as, Chromatin organization. Circadian clock,

organelle biogenesis and maintenance, cell cycle, than healthy individual (neuronal system, cellular response to stimuli).
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Fourth. The gene expression pattern of up and down regulated
genes in heathy individual (H1') at time of two weeks after
(Figure 1) untreated versus first the untreated patient (P1) with
HAMLET (Figure 4A) and second, untreated healthy individual
(H1") versus treated patient with HAMLET (P1’) (Figure 4B)
(See supplementary material for the identity of the ten most up
and down regulated genes). In the first case, up regulated genes
with Z values from 2.0 to 4.0 encoding molecular components
involved as nuclear protein in myelopoiesis and as activator of p53
(CXXC5), in signal transduction (PPPR5b, PDE4B), synthesis of
choline or ethanolamine (CEPT1), oxygen transport (HBD). Down
regulated genes with a Z score value from -2.0 to -4.0) involved
in chromatin binding activity (PHC3), immune system (TGFB2),
intracellular signaling in apoptosis, involved in papillary thyroid
cancer (STK17B), import of protein precursor into mitochondria
(TOMM40), and involved in different forms of neutrophil death
depending of inflammatory microenvironment (FCAR) (Figure 4A).
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In the second case, up regulated genes with Z values from 2.0
to 4.0 encoding a disulfide isomerase involved in estradiol binding
activity (PDIP). A MYC associate factor an oncoproteins implicated
in cell proliferation, differentiation, and apoptosis (MAX); a
nucleopeptide involved in hormone secretion, cognition/memory,
sensory/pain  (GALR3);
(CHRM1); as novel candidate tumor suppressor (FBLN1) (Figure

central/peripheric nervous system
4B). Down regulated genes with Z values from 2.0 to 4.0 encoding,
transcription factors involved in DNA binding (SBZF3); in histone
methyl transferase, tumor suppressor (WHSC1); in synaptic
junctions (PCDHAR); histone deacetylase 3 regulation of osteoblast
differentiation and bone formation (HDAC3), and a membrane-
bound receptor tyrosine kinase involved in cell multiplication and
maturation, as well as the formation of new blood vessels, wound
healing, and the growth, development and maintenance of bones
(FGFR2) (Figure 4B).
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Figure 4: Gene expression pattern between healthy individual and the diagnosed patient with Thyroid Cancer. A. Up regulated

genes in healthy individual (H1) versus untreated patient (P1) at time zero with Z values from 2.0 to 4.0 encoding molecular

components for signal transduction (ARF5, AVPR2), DNA binding (ETS1), centrosome organization (TUBE1), Ribosome assem-

bly (DDX56). Down regulated genes with a Z values of -2.00 to -4.0 encoding proteins involved in the activation of oncogenic

signaling pathways (LIFR), regulate collagen fibril organization (LUM). Fibroblast growth factor, involved in cell multiplication

and maturation, as well as the formation of new blood vessels, wound healing, and the growth, development and maintenance
of bones (FGFR2). B. Up regulated genes in healthy individual (H1) versus treated patient (P1’) with HAMLET two weeks after

with Z values from 2.0 to 4.0 encoding molecular components involved in estradiol-binding activity and can modulate intracel-

lular estradiol levels (PDIP), stimulate migration and proliferation of monocytes and skin fibroblasts (ELN), oncogenic path-

ways (RAB2). Cell cycle and apoptosis regulator 2 (DBC1). Down regulated genes with a Z score value of -2.0 to -4.0 encoding

molecular components involved in repressor function in several signaling pathways and may bind to RNA through interaction

with spliceosome components (RBM15), polyamine metabolism (MTAP), immune system (TNFSF8), syalyltransferase in B cell
development (SIAT48), transport of small molecules (ABCF3).
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The Up and down regulated genes participate in different
signaling pathways important for the homeostasis of the cell cycle,

immune system, endocrine system.

The analysis of the functionality of the up and down regulated
genes before and after oral administration of HAMLET using the
REACTOME base data, highlight the pathways after the HAMLET
administration in a patient with thyroid cancer were hit by at least
by one of the genes. This is calculated based on the probability
score, which is corrected for false discovery rate using the

Benjamin-Hochberg method.
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In the-the healthy individual a time zero (H1) and at two weeks
later (H1").influence the following pathways, as follow, Up regulated
genes, Immune system, Signal transduction, Neuronal system,
Gene Expression (Transcription), Metabolism of proteins, Cellular
response to stimuli, Down regulated genes participate in Immune
system, Signal transduction, Neuronal system, Metabolism,

Hemostasis, Disease, transport of small molecules (Table 2A).

Table 2A. Up and down genes (n= 25) with high probability to be involved in the different pathways
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Note: Diata from the untreated heakhy individual (H1) and heakthy individual (H1') with an interval of two weeks. A low values of p (< values <<<), higher probablity that the up{LEFT) or down (right)

requiated genes are aflected orinfluence a certain pathway.

Table 2a

The patient before and after (at time of two weeks later)
administration of HAMLET, as P1 and P1’

Up regulated genes, muscle contraction, Immune system,

Signal transduction, Developmental Biology, hemostasis, Gene

Expression (Transcription), Disease, Metabolism of proteins,
transport of small molecules. Down regulated genes, Immune
system, Signal transduction, Metabolism of RNA, Metabolism of
proteins, Metabolism, Developmental Biology, Gene expression
(Transcription), Disease, (Table 2B).
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Table 2B. Up and down genes (n=25) with high probability to be involved in the different pathways
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Note: Data from the untseated palient (P1) and treated patient with HAMLET (P1) with an infenal of two weeks. A low values of p (< values <<<), higher probatiity thal he upfLEFT) or dawn (rghi]
tequiated genes are afected or influence 3 certain patfwiay.

Table 2b

The untreated healthy individual (H1) and the untreated communication and autophagy. Down regulated genes, Disease,
patient (P1) muscle contraction, Metabolism of RNA, Signal transduction,

Up regulated genes, immune system, circadian clock, signal ~Metabolism, Hemostasis (Table 2C).

transduction, disease, vesicular mediated transport, cell cell

Table 2C. Up and down genes (n= 25) with high probability to be involved in the different pathways

=] [
[ P — [
B am dem wmes 5 Lees
P P = -
L UP
- - lemen S e
12019
a8 amr wmew wees 3 wmess | Wentifiers
Win e e Uww a0 UM
in the
4m wm amew  woem as ames | Regciome
G e s Ua 0 owe |WeR 10
were it by at
m we amew  es 0w anee | lBS
ane of them
an am asew  Less 4 meas
4n um imes  umns an ues | DOWN
T o T e
LY
i am o awem Smees aw wmes | el
i Were found
gE e amem dae e | o
AW mm Liem  dsest 3 aswss |Reectome
s o I pne-at Lkt e e weR 3
wee hit by at
rme s s deest as e lleast one of
“" - -~ -
sm e Mew e Amess
[y - Sws 110 -
L - T 1 ™
m tmes e -
WM uE imem  lwes @i wm
e i e 1 i o i A nis ]
Tz Data Fom the urireaed patiert [N1] and (realed patient wih FANLET (P 1} wih an wienal o (wo weel s o pl< values <<<) Ty o

ert
requisted genes are affected orinfosnce acean pathway

Table 2¢
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The untreated healthy individual (H1) and the treated
patient with HAMLET (P1’)

Up regulated genes, Disease, muscle contraction, Metabolism of
RNA, Signal transduction, Metabolism, Hemostasis, Down regulated

genes, immune system, signal transduction, circadian clock,
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developmental biology, chromatin organization, Gene expression
(Transcription), Disease, DNA repair, cell cycle, organelle
biogenesis, and maintenance, protein localization, Metabolism of

proteins, cellular response to stimuli (Table 2D).

Table 2D. Up and down genes (n=25) with high probability to be involved in the different pathways
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Note: Diata from the untreated patiant (H1) and treated patient with HAMLET (P1) with an intenval of two weaks. Alowvalues of p (<values <<<), higher probability that the up(LEFT) or down (right)

Table 2D

The untreated healthy individual (H1') (at time of two
weeks later) and the untreated patient with HAMLET (P1)

Up regulated genes cell cycle, immune system, signal
transduction, Metabolism, Disease, muscle contraction. Down

regulated genes, muscle contraction, signal transduction, Neuronal

system, Gene expression (transcription), Disease, Metabolism,
transport of molecules, cellular response to stimuli, extracellular
matrix organization, protein localization, sensory perception, cell-

cell communication (Table 2E).

The untreated healthy individual (H1’) (at time of two
weeks later) and the treated patient with HAMLET (P1’)

Up regulated genes, signal tranduction, metabolism, disease,

transport of small molecule, cell cycle, Down regulated genes,
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Table 2E. Up and down genes (n=25) with high probability to be involved in the different pathways
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Table 2E

immune system, signal transduction, Chromatin organization, (Transcription), Disease, DNA repair, Metabolism of proteins, cell
Developmental biology, Circadian clock, Gene expression cycle, cellular response to stimuli, protein localization, organelle

biogenesis and maintenance (Table 2F).

Table 2F. Up and down genes (n= 26) with high probability to be involved in the different pathways
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Table 3. Reactome analysis of the pathways influenced by the
up and down regulated genes after oral administration of
HAMLET in a patient with thyroid cancer.

Sample upP DOWN
H1 vs H1' 76 (12/24) 161(20/24)
P1 vs P1’ 195 (24/28) 160(20/26)
[ v P 180(12/19) 235(18/25)
H1 vs P1' 132(12/19) 276(22/28)
H1' vs P1 118(15/23) ] 235(20/25)
H1' vs P1' 227(18/25) 273(19/25)

According to the p values from the table 2(A-F), at low values of p (< values <<<), lighar
probability that the up{LEFT) or down (right) regulsted genes are affected or influence a
certain pathway. For example, proportion of identifiers (x/x) found in the Reactome where
i@ a number of pathways (X) were hit by at least one of them (Fabregal et al.. 2016;
2017). Recatome pathwasy are enriched in the submitte data (n= 25 genes) My list
contain more proteins [x/x) for pathway X tan would be expected by chance
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Figure 5: Gene expression pattern between healthy individual (H1") and the diagnosed patient with Thyroid Cancer. (P1") A. Up
regulated genes in healthy individual (H1’) versus untreated patient (P1) at time zero with Z values from 2.0 to 4.0 encoding mo-
lecular components involved as nuclear protein in myelopoiesis and as activator of p53 (CXXC5), in signal transduction (PPPR5b,

PDE4B), synthesis of choline or ethanolamine (CEPT1), oxygen transport (HBD). Down regulated genes with a Z score value
from -2.0 to -4.0) involved in chromatin binding activity (PHC3), immune system (TGFB2), intracellular signaling in apoptosis,
involved in papillary thyroid cancer (STK17B). B. Up regulated genes in healthy individual (H1") versus treated patient (P1’)
with Z values from 2.0 to 4.0 encoding a disulfide isomerase involved in estradiol binding activity (PDIP), a MYC associate factor
an oncoproteins implicated in cell proliferation, differentiation, and apoptosis (MAX); a nucleopeptide involved in hormone
secretion, cognition/memory, sensory/pain (GALR3); central /peripheral nervous system (CHRM1); as novel candidate tumor

suppressor (FBLN1). Down regulated genes in healthy individual (H1’) versus treated patient (P1") with Z values from 2.0 to 4.0

encoding, transcription factors involved in DNA binding (SBZF3); in histone methyl transferase, tumor suppressor (WHSC1); in

synaptic junctions (PCDHAR); histone deacetylase 3 regulation of osteoblast differentiation and bone formation (HDAC3), and
FGFR2 involved in cell multiplication and maturation, as well as the formation of new blood vessels, wound healing, and the

growth, development and maintenance of bones.
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Discussion

The aim of the present study is to analyze the expression gene
pattern before and after oral administration of HAMLET in an
individual diagnosed with thyroid cancer. DNA microarrays (heat
maps) and REACTOME data base were used to determine the gene
expression pattern and their functionality in the different pathways
ofthe human biology. Thyroid cancer is the most common endocrine
malignancy, representing 1% of all human malignancies, and a
progressively increasing incidence rate has been observed in recent
years, with 95% of thyroid cancer represented by differentiated
thyroid carcinomas [20-23] (Abdel-Rahman,, et al. 2015; Ananas.,
et al. 2020; Huang., et al. 2021). It is a highly heterogeneous
malignancy characterized by genetic, cytological and histological
alterations. Several histological variants such as papillary and
follicular thyroid carcinoma, while Differentiated thyroid cancer
(DTC) is the most common endocrinological malignancy. The
pathogenesis and molecular mechanisms of thyroid cancer remain
to be elucidated, despite the fact that the genetics and epigenetics
of thyroid cancer are gradually increasing, and gene mutations and
methylation changes play an important roles in its occurrence and
development (Huang., et al. 2021) [23]. Indeed, aggressiveness
of thyroid tumors is closely linked to specific gene alterations
Epigenetic modification refer to genetic modification that does
not change the DNA sequence of a gene but causes heritable
phenotypic changes in its expression. Epigenetic modification
mainly includes four aspects: DNA methylation, chromatin
remodelling, noncoding RNA regulation, and histone modification
[26-29]. Several molecular markers for diagnostic and prognostic
have been reported such as BRAF and RAS point mutations; RET/
PTC and PAX8/PPARy gene rearrangements; mitogen-activated
protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K)/
AKT signaling pathways, p53, Wnt-beta catenin, HIF1a and NF-
kappaB signaling pathways; microRNA profiles (Oh and Ahn., 2021;
Fagin., et al. 2923) [24,25]. Interestingly, methylation have been
demonstrated in more than 70% of DTC, and it has been identified
genes whose expression is associated with the methylation status
of their promoters, strengthening the role of the DNA methylation
in well-differentiated and development thyroid cancer. At the same
time allows optimization of novel markers that are associated and
indicative of recurrence, high risks of mortality, and metastatic
potential. In addition to consider these agents for diagnosis and

treatment of radioiodine refractory and inoperable DTC patients. At
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this point, for example it has been shown that the upregulation of
LncRNA GHET1 was significantly associated with tumor invasion,
gender, and lymph node metastasis in patients with thyroid cancer
[30] (Liu., et al. 2021). The overexpression of LncRNA GHET1
promoted cell proliferation, invasion, and migration, inhibited cell
apoptosis, and increased cell population at the S phase in TPC cells.
In addition, small ubiquitin-like modifier (SUMO) modification
is increasingly recognized as critical in tumorigenesis and
progression. This study identifies biomarkers (BMP8A, RGS8, and
SERPIND1) linked to SUMOylation in papillary thyroid carcinoma
(PTC) aiming to advance therapeutic and prognostic strategies
(Li., et al. 2024) [31]. Their linkage to immune response and drug
sensitivity highlights their importance as targets for therapeutic
intervention and prognosis in PTC research. A positive correlation
has been found between expression of vascular endothelial growth
factor (VEGF) and a more aggressive phenotype of DTC (Abdel-
Rahman,, et al. 2015) [20,22].

By another hand by approaching the causes of the incidence
of thyroid cancer has been increasing worldwide during the
last decades for four main reasons: tumor progression, tumor
recurrence, tumor refractory to radioiodine, and drug resistance,
mutations, which have allowed to identify the molecular pathways
that dictamine the progression of the malignancy. A deeper
understanding of the genetic (e.g. BRAF/V600E, PIK3CA, TP53
mutation, etc.) and epigenetic (e.g. histone methylation, histone
de-acetylation, microRNA) regulations that could be driving tumor
progression, in addition to further contributing to the learning and
understanding of the molecular mechanism involved, resulting in
the development of molecular therapeutics to target these specific
oncogenic pathways, and/or inhibitors of any of these processes,
i.e. dehypermethylation drugs (methylation inhibitors) [26-29].

In addition to these lights of the literature, it has been reported
that alpha-lactalbumin () (alpha-LA) a small (Mr 14,200)
acidic (pI 4-5) Ca2+-binding protein, which serves primarily
as a substrate for lactate synthase, a component of the lactose
synthase enzyme system [4,5]. Studies from the literature have
described that partially unfolded complexes of a-LA with oleic
acid showed significant cytotoxicity to various tumor and bacterial
cells [4,5]. Oleic acid and protein form a common nuclear shell

structure, called lipoproteins (lipids and partially denatured
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proteins) considered as molten globular containers filled with
toxic oil whose action begins by stabilizing the unfolded protein
into the protein complex: followed by insertion and integration
of fatty acid in the membrane, resulting in membrane alteration,
internalization of HAMLET, selection of cellular components and
finally, activation of different signaling pathways such as apoptosis,
caspase, Ras, c-Myc pathways and cell death [32,33]. From in vitro
studies, it has been found that Treatment of RAW 264.7 cells with
a high concentration of alpha-LA (100 g/mL) results in a time-
and dose-dependent decrease in growth activity, morphological
changes, and increased hypoglycemia [34]. In fact, a high dose of
this protein induces cell apoptosis and necrosis. It activates several
signaling pathways, such as activation of cytochrome c, caspase 3,
caspase 8, extracellular signal-regulated kinase (ERK1/2), and cJun
N-terminal kinase (JNK); however, it suppresses the protein level
of Bcl-2. In fact, it has been suggested that long-term consumption
of alpha-LA reduces the risk of colon cancer, possible through an
inhibition of cyclooxygenase-2 [35]. Of note is the finding that even
a single exposure to culture medium containing alpha-LA from
an active batch for a period as short as 30 minutes is sufficient to
cause cell death, possibly through apoptosis [25,36]. Furthermore,
animal models, the oral administration of alfa-LA has a marked
suppressive effect on liver fibrosis through a nitric oxide-mediated
mechanism in rats [37]. Highlighted by these studies, in the present
work we aimed to analyze the effect of the oral administration of
the Human a-lactalbumin Made Lethal to Tumor cells (HAMLET)
under a clinic protocol (Figure 1) at the level of gene expression
(Up and Down regulated genes (Figure 2-4) and functional analysis
of these genes (Table 2A-F, Table 3) (Figure 3). Of relevance is
that the oral administration of HAMLET induced a decrease the
number of up regulated genes with respect to healthy individual
and an increase in the down regulated genes (Table 1). The gene
expression pattern influenced by the HAMLET oral administration
is characterized by the Up regulation of genes with Z values of 2.0
to 4.0) in the patient (P1, P1") with thyroid cancer before (P1)
and after oral administration of HAMLET (P1’) encoding genes
involved in Hypothyroidism disease (C100rf88), cellular response
to stimuli (ARNTL2), cell cycle (CCNC), Immune system (FOXP3),
transport of small molecules (SLC2AS3). Down regulated genes,
Signal transduction (STK17B), Immune system (IL-17), mytotic
cycle (PTPN13), FABP5S (fatty acid uptake), Small subunit process
some (CGI-48). Whilein healthy individual (H1, H1’), up regulated
genes involved in myelopoiesis (CXXC5), oxygen transport (HBD),
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nucleolus organization (ACTR6), cell cycle progression (SIVA),
signal transduction (PDE4B), Down regulated genes with a Z values
of -2.00 to -4.0 encoding proteins involved in cell-cell adhesion and
motility (LPP), vesicle trafficking (Figure 4), cellular response to
stimuli (VN1R1), respiratory chain (NDUFAG), and actin-binding
proteins (ACTR3) (Figure 2A-D). In agreement with these highlights
from the literature we found that oral administration of HAMLET
to a patient (P1, P1") most of the genes are down regulated than
up regulated (Table 1). Remarkably, the gene expression pattern of
up and down regulated genes of the untreated healthy individual
(Figure 1) compared with untreated patient (Figure 4A) revealed
some interesting up or down regulated genes. Thus, up regulated
genes encoding molecular components involved in the synthesis
of choline or ethanolamine (CEPT1). The Down regulated genes
encoding molecular components involved in chromatin binding
activity (PHC3), immune system (TGFB2), intracellular signaling in
apoptosis, involved in papillary thyroid cancer (STK17B) (Figure
4A) More interesting, the Up regulated genes in healthy individual
(H1") versus treated patient (P1’) encoding a disulfide isomerase
involved in estradiol binding activity (PDIP), a MYC associate factor
an oncoproteins implicated in cell proliferation, differentiation, and
apoptosis (MAX); a nucleopeptide involved in hormone secretion,
cognition/memory, sensory/pain (GALR3); central/peripheral
nervous system (CHRM1); as novel candidate tumor suppressor
(FBLN1). Down regulated genes encoding, transcription factors
involved in DNA binding (SBZF3); in histone methyl transferase,
tumor suppressor (WHSC1); histone deacetylase 3 regulation
of osteoblast differentiation and bone formation (HDAC3), and
the fibroblast growth factor involved in cell multiplication and
maturation, as well as the formation of new blood vessels, wound
healing, and the growth, development and maintenance of bones.
(FGFR2) (Figure 4B). This data are in agreement with the number
of pathways in which down regulated genes are influenced by
these genes after oral administration of HAMLET in the patient
(P1") (Table 2A-F). For example in healthy individual up regulated
genes influence 76 pathways, and down regulated genes influence
161 pathways. Remarkably, before and after oral administration in
the patient (P1 and P1"), Up regulated genes influence 195 while
down regulated genes are the same number of pathways than
healthy individual. When the healthy individual vs patient at time
zero 235 pathway are influence by the down regulated genes. And

180 of the Up regulated genes. And after oral administration, 276
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pathways are influenced versus 161 in healthy individual. The
most strikingly difference was after the fourth dose, in which 227
pathways form the up regulated genes while 273 were influenced
by the down regulated genes. Moreover, after oral administration
of HAMLET, the number of reactions that were hit by at least one
the genes was higher in the patient than in healthy individual.
24 /28 up regulated genes versus 12 /24 in the healthy individual.
20/24 1 healthy individual versus 20/26 in the patient treated with
HAMLET (Table 3, Figure 3).

In summary, DNA microarrays (represented as the heat maps),
continue be a promising and potential tool to determine the
signature of the up and down regulated genes in the different
pathways of the human biology. Furthermore, the results of the
present clinic report using the aforementioned technology and the
REACTOME data base, allow to conclude that oral administration
of HAMLET down regulated genes that play a role the progression
of the thyroid cancer (STK17B). Down regulated inflammatory
and autoimmune responses through IL17RB, and down regulated
signalization in in cell growth, mitotic cycle, differentiation
(PTPN13), fatty acid binding proteins (FABP5), RNA binding
(UTP18), synaptic junctions, (PCHA2, PCDHBS8). Of note is that
up regulated genes encoding markers of hypothyroidism as
C160rf88. Up regulate to the cyclic involved in cell cycle (CCNC),
and transcriptional regulators of the immune system (FOXP3). In
addition, up regulate the cellular response (ARNTL2) to stimuli and
transport of small molecules (SLC25A3). We propose that all these
encoding molecular components could be targeted in patients with
thyroid cancer before radioiodine treatment and surgery with oral

administration of HAMLET as a prophylactic treatment.

Acknowledgements

We are in debt with the donor participants.

Declarations Statement

The authors declare no conflict of interest.

Ethics Approval and Consent to Participate

The study and all the procedures for medical research involving
human subjects, including research on identifiable human material
and data were performed under the principles of the Declaration of
Helsinki, and approved by the Ethic Committee in Research of the
Zacatecas, General Hospital “Luz Gonzalez Cosio” CONBIOETICA-
32-CEI-001-20180807.

133

Consent for Publication

Written informed consent was obtained from the patient for
publication of this case report and any accompanying images. A

copy of the written consent is available for review.

Competing Interests

The authors declare no competing of interests.

Availability of Data and Material

Data will be shared following institutional guidelines. The
review of the literature was based on search and data from PubMed

database without limitation to 2024.

Funding

The study did not receive funding from any dependence nor a
grant. G.G.G.M. and A.A. C. received a fellowship by the National
System of Researchers (SNI-CONACYT, 2023-2027). Mexico.
G.G.G.M. is PERFIL PRODEP (A Program of the National Secretary
of Education, SEP, 2022-2025).

Author’s Contributions

G.G.G.M. and A.A.C. Conceptualization, G.G.G.M. Methodology,
analysis, and writing. D.C.RM. D.C.S. PR.M. Collaboration in
patient’s contact, clinic lab samples analysis, discussion. A.E.T.

Methodology. All authors have read and approved the manuscript.
Bibliography

1. Who report on Cancer. February (2022).

2. Chen D and Mellman I. “Oncology meets immunology; the
cancer-immunity cycle”. Immunity 39 (2013): 1-10

3. Pardoll DM. “The blockade of immune checkpoints in cancer
immunotherapy”. Nature Reviews Cancer 12 (2012): 252-264.

4. Hakansson A, et al. “A folding variant of a-lactalbumin with
bactericidal activity against Streptococcus pneumoniae”.
Molecular Microbiology 35 (2000): 589-600.

5. Pettersson ], et al. “Alpha-lactalbumin species variation,
Hamlet formation, and tumor cell death”. Biochemical and
Biophysical Research Communications 345 (2006): 260-270.

6. Chen Y and Liu D. “Chimeric antigen receptor (CAR)-directed
adoptive immunotherapy: a new era in targeted cancer
therapy”. Stem Cell Investigation 1 (2014): 2.

Citation: Gloria G Guerrero-Manriquez., et al. “Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made
Lethal to Tumor Cells (HAMLET) in a Thyroid Cancer Diagnosed Individual". Acta Scientific Medical Sciences 9.3 (2025): 119-135.


https://pubmed.ncbi.nlm.nih.gov/23890059/
https://pubmed.ncbi.nlm.nih.gov/23890059/
https://www.nature.com/articles/nrc3239
https://www.nature.com/articles/nrc3239
https://www.sciencedirect.com/science/article/abs/pii/S0006291X06008953
https://www.sciencedirect.com/science/article/abs/pii/S0006291X06008953
https://www.sciencedirect.com/science/article/abs/pii/S0006291X06008953
https://pubmed.ncbi.nlm.nih.gov/27500852/
https://pubmed.ncbi.nlm.nih.gov/27500852/
https://pubmed.ncbi.nlm.nih.gov/27500852/

Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made Lethal to Tumor Cells (HAMLET) in
a Thyroid Cancer Diagnosed Individual

10.

11.

12.

13.

14.

15.

16.

17.

Singh N., et al. “Advances of treatment study on acute
lymphoblastic leukemia with chimeric antigen receptor
modified T cells”. Current Treatment Options in Oncology
(2016): 28.

Liu Y, et al. “Immunotherapy for glioblastoma: current state,
challenges, and future perspectives”. Cellular and Molecular
Immunology (2024).

Gallego-Valle ]., et al. “High specificity of engineered T cells
with third generation CAR (CD28-4-1BB-CD3-() based on
biotin-bound monomeric streptavidin for potential tumor
immunotherapy”. Frontiers in Immunology 15 (2024):
1448752.

Zhao Y., et al. “Case report: Successful combination of CLL1
CAR-T therapy and hematopoietic stem cell transplantation in
a 73-year-old patient diagnosed with refractory acute myeloid
leukemia”. Frontiers in Immunology 15 (2024): 1454614.

Ueda N, et al. “Single-hit genome editing optimized for
maturation in B cells redirects their specificity toward tumor
antigens”. Scientific Report 14 (2024): 22432.

Kang X, et al. “Nanotechnology in Advancing Chimeric Antigen
Receptor T cell Therapy for Cancer Treatment”. Pharmaceutics
16 (2024): 1228.

Kataoka M., et al. “Structural characterization of the molten
globule of a-lactalbumin by solution X-ray scattering”. Protein
Science 6 (1997): 422-430.

Cvejic DS, et al. “Galectin-3 expression in papillary thyroid
carcinoma: relation to histomorphologic growth pattern,
lymph node metastasis, extrathyroid invasion, and tumor
size”. Havelka M]. Head Neck. 27 (2005): 1049-1055.

Ceyran AB., et al. “Role of cd56 and e-cadherin expression
in the differential diagnosis of papillary thyroid carcinoma
and suspected follicular-patterned lesions of the thyroid: the
prognostic importance of e-cadherin”. International Journal of
Clinical and Experimental Pathology 8 (2015): 3670-3680.

Zhu X, et al. “Diagnostic significance of CK19, RET, galectin-3
and HBME-1 expression for papillary thyroid carcinoma”.
Journal of Clinical Pathology 63 (2010): 786-789.

Chiu CG., et al. “Diagnostic utility of galectin-3 in thyroid
cancer”. American Journal of Pathology 176 (2010): 2067-
2081.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

134
Matsuno A, et al. “Clinico pathological and molecular
histochemical review of skull base metastasis from
differentiated thyroid carcinoma”. ACTA HISTOCHEMICA ET
CYTOCHEMICA 46 (2013): 129-136.

Puia G and Ravazzini F. “Thyroid hormones reduce nicotinic
receptor mediated currents in SH-SY5Y neuroblastoma cells”.
Pharmacological Report 72 (2020): 1766-1771.

Roman BR, et al. “The thyroid cancer epidemic, 2017
perspective”. Current Opinion in Endocrinology, Diabetes and
Obesity 24 (2017): 332-336.

Abdel-Rahman 0. “Targeting vascular endothelial growth
factor (VEGF) pathway in iodine-refractory differentiated
thyroid carcinoma (DTC): from bench to bedside”. Critical
Reviews in Oncology/Hematology 94 (2015): 45-54.

Anania MCH,, et al. “Targeting Non-Oncogene Addiction: Focus
on Thyroid Cancer”. Cancers (Basel) 12 (2020): 129.

Huang G. et al. “Epigenetic modification and BRAF gene
mutation in thyroid carcinoma”. Cancer Cell International 21
(2021): 687.

Oh JM and Ahn BCH. “Molecular mechanisms of radioactive
iodinerefractorinessin differentiated thyroid cancer: Impaired
sodium iodide symporter (NIS) expression owing to altered
signaling pathway activity and intracellular localization of
NIS”. Theranostics 11 (2021): 6251-6277.

Fagin JA and Nikiforov YE. “Progress in Thyroid Cancer
Genomics: A 40-Year Journey”. Thyroid 33 (2023): 1271-1286.

Zhang K., et al. “DNA methylation alterations as therapeutic
prospects in thyroid cancer”. Journal of Endocrinological
Investigation 42 (2019): 363-370.

Smith N and Nucera C. “Personalized therapy in patients with
anaplastic thyroid cancer: targeting genetic and epigenetic
alterations”. The Journal of Clinical Endocrinology and
Metabolism 100 (2015): 35-42.

Mancikova V., et al. “DNA methylation profiling of well-
differentiated thyroid cancer uncovers markers of recurrence
free survival”. International Journal of Cancer 135 (2014): 598-
610.

Mancikova V., et al. “DNA methylation profiling of well-
differentiated thyroid cancer uncovers markers of recurrence
free survival”. International Journal of Cancer 135 (2014): 598-
610.

Citation: Gloria G Guerrero-Manriquez., et al. “Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made
Lethal to Tumor Cells (HAMLET) in a Thyroid Cancer Diagnosed Individual". Acta Scientific Medical Sciences 9.3 (2025): 119-135.


https://pubmed.ncbi.nlm.nih.gov/27098534/
https://pubmed.ncbi.nlm.nih.gov/27098534/
https://pubmed.ncbi.nlm.nih.gov/27098534/
https://pubmed.ncbi.nlm.nih.gov/27098534/
https://www.nature.com/articles/s41423-024-01226-x
https://www.nature.com/articles/s41423-024-01226-x
https://www.nature.com/articles/s41423-024-01226-x
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1448752/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1448752/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1448752/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1448752/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1448752/full
https://pubmed.ncbi.nlm.nih.gov/39355240/
https://pubmed.ncbi.nlm.nih.gov/39355240/
https://pubmed.ncbi.nlm.nih.gov/39355240/
https://pubmed.ncbi.nlm.nih.gov/39355240/
https://pubmed.ncbi.nlm.nih.gov/39342013/
https://pubmed.ncbi.nlm.nih.gov/39342013/
https://pubmed.ncbi.nlm.nih.gov/39342013/
https://www.mdpi.com/1999-4923/16/9/1228
https://www.mdpi.com/1999-4923/16/9/1228
https://www.mdpi.com/1999-4923/16/9/1228
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://pubmed.ncbi.nlm.nih.gov/16155918/
https://pubmed.ncbi.nlm.nih.gov/16155918/
https://pubmed.ncbi.nlm.nih.gov/16155918/
https://pubmed.ncbi.nlm.nih.gov/16155918/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466935/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466935/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466935/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466935/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466935/
https://pubmed.ncbi.nlm.nih.gov/20644217/
https://pubmed.ncbi.nlm.nih.gov/20644217/
https://pubmed.ncbi.nlm.nih.gov/20644217/
https://pubmed.ncbi.nlm.nih.gov/20363921/
https://pubmed.ncbi.nlm.nih.gov/20363921/
https://pubmed.ncbi.nlm.nih.gov/20363921/
https://pubmed.ncbi.nlm.nih.gov/24194626/
https://pubmed.ncbi.nlm.nih.gov/24194626/
https://pubmed.ncbi.nlm.nih.gov/24194626/
https://pubmed.ncbi.nlm.nih.gov/24194626/
https://link.springer.com/article/10.1007/s43440-020-00170-7
https://link.springer.com/article/10.1007/s43440-020-00170-7
https://link.springer.com/article/10.1007/s43440-020-00170-7
https://pubmed.ncbi.nlm.nih.gov/28692457/
https://pubmed.ncbi.nlm.nih.gov/28692457/
https://pubmed.ncbi.nlm.nih.gov/28692457/
https://pubmed.ncbi.nlm.nih.gov/25560732/
https://pubmed.ncbi.nlm.nih.gov/25560732/
https://pubmed.ncbi.nlm.nih.gov/25560732/
https://pubmed.ncbi.nlm.nih.gov/25560732/
https://www.mdpi.com/2072-6694/12/1/129
https://www.mdpi.com/2072-6694/12/1/129
https://cancerci.biomedcentral.com/articles/10.1186/s12935-021-02405-w
https://cancerci.biomedcentral.com/articles/10.1186/s12935-021-02405-w
https://cancerci.biomedcentral.com/articles/10.1186/s12935-021-02405-w
https://www.thno.org/v11p6251
https://www.thno.org/v11p6251
https://www.thno.org/v11p6251
https://www.thno.org/v11p6251
https://www.thno.org/v11p6251
https://pubmed.ncbi.nlm.nih.gov/37668657/
https://pubmed.ncbi.nlm.nih.gov/37668657/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7017043/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7017043/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7017043/
https://pubmed.ncbi.nlm.nih.gov/25347569/
https://pubmed.ncbi.nlm.nih.gov/25347569/
https://pubmed.ncbi.nlm.nih.gov/25347569/
https://pubmed.ncbi.nlm.nih.gov/25347569/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/
https://pubmed.ncbi.nlm.nih.gov/24382797/

Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made Lethal to Tumor Cells (HAMLET) in
a Thyroid Cancer Diagnosed Individual

135
30. LiuY, et al. “Long non-coding RNA GHET1 promotes thyroid

cancer cell proliferation and invasion”. Translational Cancer

Research 10 (2021): 4148-4157.

31. LiX, et al “Identification of SUMOylation-related biomarkers
in papillary thyroid carcinoma”. Cancer Cell International 24
(2024): 149.

32. Frislev HS,, et al. “Liprotides made of alpha-LA and cis fatty
acids form core-shell and multi-layer structures with a
common membrane-targeting mechanism”. Biochimica et
Biophysica Acta (BBA) - Proteins and Proteomics 1864 (2016):
847-859.

33. Brinkmann CR, et al. “Protein-fatty acid complexes:
Biochemistry, biophysics and function” FEBS jJournal 280
(2013): 1733-1749.

34. Lin IC, et al. “Induction of cell death in RAW 264.7 cells by
alpha-lactalbumin”. Food and Chemical Toxicology 46 (2008):
842-853.

35. Xu M, et al. “IEC-6 intestinal cell death induced by bovine
milkalpha-lactalbumin”.  Bioscience, Biotechnology, —and
Biochemistry 69 (2005): 1082-1089.

36. Yarramala DS, et al. “Cytotoxicity of apo bovine a-lactalbumin
complexed with La 3+ on cancer cells supported by its high
resolution crystal structure”. 9 (2019): 1780.

37. Fukawa A, et al. “Dietary alpha-lactalbumin protects against
thioacetamide-induced liver cirrhosis by maintaining gut-
liver axis function in rats”. Bioscience; Biotechnology, and
Biochemistry 84 (2020): 171-177.

https://actascientific.com/ASMS/video/supplementary-material.docx

Citation: Gloria G Guerrero-Manriquez., et al. “Analysis of the Gene Pattern Expression Pattern After Oral Administration of (Human a-lactalbumin Made
Lethal to Tumor Cells (HAMLET) in a Thyroid Cancer Diagnosed Individual". Acta Scientific Medical Sciences 9.3 (2025): 119-135.


https://pubmed.ncbi.nlm.nih.gov/35116711/
https://pubmed.ncbi.nlm.nih.gov/35116711/
https://pubmed.ncbi.nlm.nih.gov/35116711/
https://cancerci.biomedcentral.com/articles/10.1186/s12935-024-03323-3
https://cancerci.biomedcentral.com/articles/10.1186/s12935-024-03323-3
https://cancerci.biomedcentral.com/articles/10.1186/s12935-024-03323-3
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.12204
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.12204
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.12204
https://www.sciencedirect.com/science/article/abs/pii/S0278691507004814
https://www.sciencedirect.com/science/article/abs/pii/S0278691507004814
https://www.sciencedirect.com/science/article/abs/pii/S0278691507004814
https://academic.oup.com/bbb/article-abstract/69/6/1082/5953507?redirectedFrom=fulltext
https://academic.oup.com/bbb/article-abstract/69/6/1082/5953507?redirectedFrom=fulltext
https://academic.oup.com/bbb/article-abstract/69/6/1082/5953507?redirectedFrom=fulltext
https://www.researchgate.net/publication/331029927_Cytotoxicity_of_apo_bovine_a-lactalbumin_complexed_with_La_3_on_cancer_cells_supported_by_its_high_resolution_crystal_structure
https://www.researchgate.net/publication/331029927_Cytotoxicity_of_apo_bovine_a-lactalbumin_complexed_with_La_3_on_cancer_cells_supported_by_its_high_resolution_crystal_structure
https://www.researchgate.net/publication/331029927_Cytotoxicity_of_apo_bovine_a-lactalbumin_complexed_with_La_3_on_cancer_cells_supported_by_its_high_resolution_crystal_structure
https://www.tandfonline.com/doi/full/10.1080/09168451.2019.1660613
https://www.tandfonline.com/doi/full/10.1080/09168451.2019.1660613
https://www.tandfonline.com/doi/full/10.1080/09168451.2019.1660613
https://www.tandfonline.com/doi/full/10.1080/09168451.2019.1660613
https://actascientific.com/ASMS/video/supplementary-material.docx

	_GoBack

