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Abstract: Background: Recent research has identified alternative transcript variants of LMNA /C
(LMNA, LMNC, LMNAAI10, and LMNAAD50) and insulin receptors (INSRs) as potential biomarkers
for various types of cancer. The objective of this study was to assess the expression of LMNA /C
and INSR transcript variants in peripheral blood mononuclear cells (PBMCs) of leukemia patients
to investigate their potential as diagnostic biomarkers. Methods: Quantitative TagMan reverse
transcriptase polymerase chain reaction (RT-qPCR) was utilized to quantify the mRNA levels of
LMNA/C (LMNA, LMNC, LMNAA10, and LMNAAS5Q) as well as INSR (IR-A and IR-B) variants in
PBMCs obtained from healthy individuals (n = 32) and patients diagnosed with primary leukemias
(acute myeloid leukemia (AML): n = 17; acute lymphoblastic leukemia (ALL): n = 8; chronic myeloid
leukemia (CML): n = 5; and chronic lymphocytic leukemia (CLL): n = 15). Results: Only LMNA and
LMNC transcripts were notably present in PBMCs. Both exhibited significantly decreased expression
levels in leukemia patients compared to the healthy control group. Particularly, the LMNC:LMNA
ratio was notably higher in AML patients. Interestingly, IR-B expression was not detectable in
any of the PBMC samples, precluding the calculation of the IR-A:IR-B ratio as a diagnostic marker.
Despite reduced expression across all types of leukemia, IR-A levels remained detectable, indicating
its potential involvement in disease progression. Conclusions: This study highlights the distinct
expression patterns of LMNA/C and INSR transcript variants in PBMCs of leukemia patients.
The LMNC:LMNA ratio shows promise as a potential diagnostic indicator for AML, while further
research is necessary to understand the role of IR-A in leukemia pathogenesis and its potential as a
therapeutic target.
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1. Introduction

Leukemia, a complex group of disorders consisting of myelogenous and lymphocytic
types with acute and chronic subtypes, has undergone significant changes in its classifica-
tion. These changes involve the inclusion of genetic and immunologic features in addition
to morphology, resulting in a more comprehensive understanding of the disease and the
role of genetic mutations [1-3]. Immunophenotyping, cytogenetics, and molecular analysis
have become essential in the diagnosis and classification of leukemia [4,5], enhancing our
ability to accurately categorize the disease for targeted treatments.

The use of monoclonal antibodies in immunologic classification has greatly advanced
our knowledge of leukocyte differentiation and the origins of leukemia [6]. This approach
has played a crucial role in identifying distinct phenotypes and subtypes [6]. For example,
in adult acute lymphocytic leukemia, the presence of myeloid markers has been linked to
poorer outcomes, highlighting the significance of precise classification based on specific
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markers [7]. Ongoing research is exploring the application of high-throughput sequencing
to further improve the accuracy of classification [8], alongside advancements in diagnostic
and therapeutic strategies that have significantly enhanced the prognosis of leukemia
patients [8].

Cytogenetic analysis and molecular genetics have greatly advanced the classification
and treatment of leukemias [9-11]. These methods are essential for identifying specific
chromosomal abnormalities and genetic mutations, providing valuable prognostic infor-
mation and guiding targeted therapies. They have played crucial roles in diagnosing,
risk-stratifying, and monitoring therapy responses in pediatric and adult leukemias [10,11],
leading to more effective treatment strategies based on the identification of specific genetic
markers [9].

Nuclear lamins, classified as type V intermediate filaments, are crucial for nuclear
stability and the regulation of nuclear processes such as DNA replication, transcription,
and chromatin organization [12,13]. The LMNA/C gene, which encodes these proteins, has
12 exonal splicing variants, some of which are linked to cancer [14]. The loss of LMNA/C
expression has been observed in breast cancer, lung cancer, leukemia, and lymphoma, while
its up-regulation has been noted in prostate and colorectal cancer [15]. In solid tumors, the
LMNC:LMNA mRNA ratio has been suggested as a potential biomarker [16,17]. However,
the expression of LMNA /C transcript variants in leukemia remains unexplored.

Insulin signaling involves two main pathways. The first pathway operates through the
phosphatidylinositol 3-kinase (PI3K)/AKT (protein kinase B (PKB)) pathway, responsible
for producing insulin’s metabolic effects and connected through insulin receptor substrates
(IRSs). The second pathway involves the Raf/Ras/MEK/MAPK (mitogen-activated protein
kinase, also known as extracellular signal-regulated kinase (ERK)), pathway, controlling
gene expression and, in conjunction with the PI3K pathway, regulating cell growth and
differentiation [18]. The INSR plays significant roles in cancer progression, with overexpres-
sion in cancer cells leading to increased sensitivity to hyperinsulinemia [19]. The complex
interplay between the INSR and tyrosine kinase receptors, such as growth factor receptors,
and RAS pathway activation has significant implications for leukemia pathogenesis [20].
Dysregulated signaling through these pathways can lead to abnormal cell growth, survival,
and differentiation, all characteristic features of leukemia development [21]. For instance,
mutations or the overexpression of tyrosine kinase receptors like EGFR can directly ac-
tivate the RAF/RAS/MEK/MAPK pathway, promoting the proliferation and survival
of leukemic cells [22]. Additionally, the abnormal signaling of INSR can contribute to
metabolic changes in leukemia cells, further propelling disease progression [23]. The
significance of INSR in cancer is further emphasized by their overexpression in various
human malignancies, particularly IR-A, and their involvement in the formation of hybrid
receptors with the IGF-IR [24,25]. These hybrid receptors display enhanced ligand-binding
affinity and signaling activity, leading to increased cancer cell proliferation and survival.
Furthermore, the presence of these hybrid receptors confers resistance to targeted therapies
that specifically target either INSR or the IGF-IR alone [24,26]. A thorough understanding
of these signaling networks and their dysregulation in leukemia can offer valuable insights
into potential therapeutic targets aimed at disrupting oncogenic signaling and improving
treatment outcomes for leukemia patients [27].

The INSR gene undergoes alternative splicing, leading to the production of two mature
isoforms with distinct structural characteristics. IR-A, which lacks exon 11, is widely
expressed and is the predominant isoform in lymphocytes, while IR-B retains exon 11 and
is responsible for mediating the metabolic effects of insulin in insulin-sensitive tissues like
muscle, liver, and adipose tissues [28]. IR-A and IR-B play different roles in cancer. IR-A is
often overexpressed in cancer and is linked to an increased risk of malignancies, whereas
IR-B is typically found in insulin-sensitive tissues. The upregulation of IR-A enhances
the mitogenic response of cancer cells to insulin and IGF-2, indicating that these isoforms
could serve as potential targets for anti-cancer therapies [25,29,30]. Additionally, IR-A and
IR-B exhibit differences in their ligand-binding capabilities and signaling pathways, with
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IR-A being more mitogenic and antiapoptotic [31]. The tissue-specific expression of these
isoforms is regulated at both the mRNA and protein levels [32]. The ratio of IR-A:IR-B has
been investigated in solid tumors like breast adenocarcinoma [30,33] and non-small cell
lung cancers (NSCLC) [34] and has been proposed as a potential marker for predicting
cancer progression and response to treatment.

PCR testing of biomarkers, such as transcript variants of genes like LMNA /C and
INSR, presents numerous challenges and limitations. These include the need for meticulous
primer design and validation, the difficulty of obtaining high-quality RNA samples, and
the potential for false-negative and false-positive results [35,36]. The reproducibility and
reliability of PCR assays across different laboratories and platforms also require rigorous
validation and standardization protocols [37]. Furthermore, the clinical relevance and utility
of these biomarkers often require additional validation through correlation studies with
clinical outcomes and patient characteristics [38]. Despite these challenges, the potential
of PCR in detecting transcript variants is significant, and further improvements in PCR
techniques and protocols are necessary to enhance sensitivity and specificity [39].

In this study, we utilized TagMan RT-qPCR to evaluate the mRNA expression levels
of various transcript variants of LMNA /C (LMNA, LMNC, LMNAA10, and LMNAA50)
and INSR (IR-A and IR-B) in PBMCs collected from healthy subjects and individuals with
the four primary types of leukemia (AML, ALL, CML, and CLL). The objective was to
investigate the possible effectiveness of these transcript variants as diagnostic biomarkers
for these particular leukemias.

2. Materials and Methods

Subjects: Blood samples were obtained from a total of 32 healthy adult volunteers.
These volunteers were selected from King Abdulaziz Medical City (KAMC) and King Abdu-
laziz bin Saud University for Health Sciences (KSAU-HS). Additionally, leukemic samples
were collected from the Hematology departments at KAMC and the Hematopathology
department at King Fahad Medical City (KFMC). The leukemic samples were obtained
from a total of 45 patients who had been diagnosed with one of the four primary leukemias:
AML with 17 samples, ALL with 8 samples, CML with 5 samples, and CLL with 15 sam-
ples. The study obtained ethical approval from the Institutional Review Boards (IRB) of
both KAMC and KFMC. Furthermore, written informed consent was obtained from all
participants involved in the study.

Isolation of PBMC: PBMC were isolated by collecting blood samples with Na-EDTA
as an anticoagulant. Following this, 10 mL of the anticoagulated blood was combined with
an equal volume of phosphate buffered saline (PBS) and slowly placed on top of 15 mL of
Ficol-Hypaque in Leucosep Tubes (50 mL, Greiner Bio-One North America Inc., Monroe,
NC, USA). The samples were then centrifuged at 450 g using a swing-out rotor for 30 min
at 22 °C. Post-centrifugation, PBMC formed a distinct layer above the red blood cell (RBC)
pellet. The PBMC band was collected using a pipette and washed several times with PBS.
In order to maintain RNA integrity, 50 uL of Qiagen RNALater (Qiagen, Germantown, MD,
USA) was added to the PBMC pellet, and the samples were subsequently frozen at —80 °C.

Reverse Transcriptase-Quantitative RT-qPCR Analysis: The Ambion Aqueous kit
(Ambion, Austin, TX, USA) was used to isolate the total RNA, and its quality and quantity
were evaluated using the Agilent Bioanalyzer 2100 (Agilent, Santa Clara, CA, USA). Fol-
lowing this, 1 ug of total RNA was subjected to reverse transcription using the first-strand
cDNA synthesis Kit (MilliporeSigma, Billerica, MA, USA). Real-time RT-qPCR for INSR
(IR-A and IR-B) and LMNA /C transcript variants (LMNA, LMNC, LMNAA10, LMNAAS5Q)
was conducted using the 7900HT Fast Real-Time PCR System (Thermo Fisher Scientific Inc.,
Waltham, MA, USA), as described before [17,30]. All probes were labeled with a fluorescent
dye (FAM) for detection and a non-fluorescent quencher (BHQ-1). The sequences for all
primer/probe combinations are listed in Table 1. A reaction volume of 20 uL was used
for Tagman RT-qPCR. The probe reaction assay consisted of 100 mM KCl, 20 mM Tris (pH
9.2), 5 mM MgSOy, 0.02% Triton X-100, 0.2 mM dNTP, 200 mM Betaine, 5% DMSO, 1.25 IU
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Taq Polymerase, 0.2 uM Sense/Anti-sense primers, 0.1 uM Probe, and 2 uL of cDNA. The
reaction protocol involved an activation cycle of 50 °C for 2 min, followed by 95 °C for 15 s.
Subsequently, 40 cycles of denaturation at 95 °C for 15 s, and annealing/extension (LMNA:
58 °C, LMNC: 60 °C, LMNAA50: 60 °C, LMNAA10: 66 °C, IR-A: 60 °C, and IR-B: 60 °C)
for 2 min were performed. The gene expression levels were standardized by employing
Ubigiotin C and RPL13 as internal control genes, aided by geNORM V3.5 software [40].

Table 1. Primer sequences for all primers used in qRT-PCR.

Primer. Sense (5’ —3') Anti Sense (5'—3') Probe Accession Number
LMNA TGACTGTGGTTGAGGACGAC GACACTGGAGGCAGAAGAGC CGCTGAGTACAACCT NM_170707.3
LMNC GTGGAAGGCACAGAACACCT GCGGCGGCTACCACTCAC AGATGACCTGCTCCATCACC NM_005572.3
LMNAA10 AACTCCACTGGGGAAGGCTCC GCTCCTGAGCCGCTGGCAGA AGTACAACCTGCGCTCGCGC NM_170708.3
LMNAA50 GCGTCAGGAGCCCTGAGC GACGCAGGAAGCCTCCAC AGCATCATGTAATCTGGGACCT NM_001282626.1
INSR (IR-A) TATCCGGAACAACCTCACTA GGAAGAGCAGCAAGTAATCA CTCTGTCATCGAAGGACACTTG NM_001079817
INSR (IR-B) AGGAGTCCTCGTTTAGGAAG AGGAAGTGTTGGGGAAAG AGAAAAACCTCTTCAGGCACTG NM_000208
Ubiquitin C ACTACAACATCCAGAAAGAGTCCA CCAGTCAGGGTCTTCACGAAG CCCACCTCTGAGACGGAGCACCAG NM_021009.6
RPL13 AACAAGTTGAAGTACCTGGCTTTC TGGTTTTGTGGGGCAGCATA CGCAAGCGGATGAACACCAACCCT NM_000977.3

Statistical Analysis: The statistical analysis was carried out using SigmaStat software
version 3.0 (Jandel Scientific, San Rafael, CA, USA). In order to compare normal and
leukemic specimens, the Mann-Whitney Rank Sum Test was utilized. Furthermore, the
Kruskal-Wallis One Way Analysis of Variance (ANOVA) on Ranks was employed to
compare normal specimens with different primary leukemic types. Subsequently, Dunn’s
test was conducted for all pairwise comparisons and comparisons against the control group.
A significance level of p value < 0.05 was used to assess the statistical significance of all
analyses. The results are presented as mean + S.E.M.

3. Results
3.1. Demographic Data of Subjects

The study included 77 participants, with 32 healthy individuals and 45 subjects
diagnosed with one of the four main types of leukemia (AML: 17; ALL: 8; CML: 5; and
CLL: 15). The age distribution among the leukemia patients was notably different from
that of the non-leukemia group, with the exception of those with ALL (Table 2).

Table 2. Demographic data of the subjects that participated in the study. The results of the study
are presented in the form of mean + S.E.M. Furthermore, statistical significance was determined by
comparing the results to the control group (* p < 0.05) and the ALL group (¢ p < 0.05).

Age BMI

Gender (yefrs) kg/m?
Control 14M, 18F 319 +£2.18 321+£20
AML 9M, 8F 482 £5.18* 264 +1.28
CML 4M, 1F 59.4 £+ 6.75 *¢ 304 +£1.78
ALL 5M, 3F 344 +£551 259 £2.38
CLL 7M, 8F 66.5 + 3.42 *¢ 28.1£1.98

3.2. Differential Expression of LMNA/C mRNA Expression in PBMC

Differential expression of LMNA /C transcript variants (LMNA (TV1), LMNC (TV2),
LMNAA10 (TV3), and LMNAAS50 (TV4 or Progerin)) mRNA was investigated in PBMCs
of both normal and leukemic subjects. Only LMNA and LMNC transcript variants were
detected in PBMCs. LMNAA10 and LMNAA50 mRNA were either not detected or had
high CT values in a few normal samples. In leukemia, the expression of LMNA mRNA
in PBMCs was significantly reduced, as indicated by Figure 1A (p < 0.001). The further
stratification of leukemic samples into the four primary leukemic types was shown to



J. Clin. Med. 2024, 13, 2568

50f11

lead to the significant inhibition of LMNA in AML and CML, as depicted in Figure 1B
(p < 0.05). Similarly, the expression of LMNC mRNA in PBMC was significantly inhibited
in leukemia, as shown in Figure 2A (p < 0.001). Moreover, LMNC expression was signifi-
cantly inhibited in all four primary leukemias (AML, CML, ALL, and CLL), as depicted
in Figure 2B (p < 0.05). The mean normalized expression levels of LMNA and LMNC
were calculated using geNORM V3.5 software. A Mann-Whitney Rank Sum Test analysis
comparing normal (n = 32) and leukemia (n = 45) specimens revealed a significant differ-
ence between the two groups in terms of the LMNC:LMNA ratio, as shown in Figure 3A
(p < 0.05). Furthermore, Kruskal-Wallis ANOVA analysis identified significant differences
between normal and AML samples when stratified into the four primary leukemia types,
as depicted in Figure 3B (p < 0.05). Notably, no statistical correlation was found between
age and the expression of LMNA or LMNC or the LMNC:LMNA ratio.
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Figure 1. TagMan qRT-PCR measurement of relative mRNA expression levels of LMNA in (A) normal
versus leukemic subjects and (B) following stratification into the four primary leukemias (AML, CML,
ALL and CLL). The error bars represent mean + S.E.M.; ** p < 0.001; * p < 0.05.
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Figure 2. mRNA expression of LMNC in PBMCs of both normal and leukemic subjects. In the case of
leukemia, the circulating PBMCs are linked to a decrease in the levels of LMNC mRNA expression (A).
Furthermore, when stratified into the four primary leukemias (AML, CML, ALL, and CLL), reduced
expression of LMNC is observed (B). The error bars in the figure represent the mean + S.E.M., while
the symbols ** and * indicate statistical significance with p-values < 0.001 and 0.05, respectively.
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Figure 3. Comparison of the LMNC:LMNA mRNA ratio between normal and leukemic subjects in
(A), and the LMNC:LMNA mRNA ratio in the same samples after stratification based on the four
primary leukemias in (B). The error bars in the figure represent the mean + S.E.M. Furthermore, the
asterisk (*) indicates statistical significance with a p-value < 0.05.

3.3. Inhibition of INSR (IR-A) mRNA Expression in PBMC

The INSR transcript variants, IR-A and IR-B, were assessed in PBMC samples collected
from both healthy individuals and individuals diagnosed with leukemia. The IR-A variant
(TV2) was present in PBMC samples from both healthy individuals and leukemia patients,
while the IR-B variant (TV1) was not detected in PBMC samples from either group, even at
a CT value exceeding 45. Interestingly, a notable reduction in IR-A expression was observed
in leukemia patients compared to healthy individuals (Figure 4A; p < 0.001). Subsequent
analysis, categorizing the leukemia patients into the four main types (AML, CML, ALL,
and CLL), demonstrated a significant suppression of IR-A expression across all four types
(Figure 4B; p < 0.05).
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Figure 4. Normalized mRNA expression levels of IR-A in PBMC of both normal and leukemic
subjects (A). The data are further categorized into normal and the four primary leukemic types (AML,
CML, ALL, CLL) (B). The error bars in the graph represent the mean + Standard Error of the Mean
(S.E.M.). The significance of the results is indicated by the symbols ** (p < 0.001) and * (p < 0.05).
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4. Discussion

The levels of four transcript variants of the LMNA /C gene in humans, namely LMNA,
LMNC, LMNAA10, and LMNAASO (Progerin), were evaluated using TagMan RT-qPCR
assays that were specifically designed to accurately measure their mRNA levels without
any cross-reactivity [17]. Among these variants, only LMNA and LMNC were found to
be significantly present. Previous studies have reported a decrease in LMNA expression
in certain cell subsets characterized by low differentiation and high proliferation rates,
including various types of human cancers [41,42]. This reduced expression of LMNA has
also been observed in leukemia and lymphoma, often associated with epigenetic silencing
through CpG island promoter hypermethylation [43-45]. Our findings are consistent with
these observations, as we observed notably lower expression levels of LMNA /C variants
in PBMCs, particularly in cases of leukemia. This could potentially lead to alterations in
cell matrix strength, affecting drug sensitivity and proliferation rates [46].

Despite the sensitivity of our Progerin-specific RT-qPCR assay, we did not detect
significant levels of Progerin in PBMCs from normal or leukemic patients. A previous study
using the same assay found lower levels of Progerin in breast cancer biopsies compared
to normal tissue [17]. Progerin, which is predominantly found in Hutchinson Gilford
Progeria Syndrome (HGPS) cells, is typically expressed at very low levels in normal
cells, making its detection through RT-qPCR or Western blotting challenging [47-49]. The
protein expression of Progerin, which is absent at the mRNA level in skin samples from
newborns to elderly individuals, increases with age but remains relatively low even in older
individuals [50]. These discrepancies may be attributed to the insensitivity of progerin
antibodies due to their low abundance, necessitating the use of more sensitive detection
methods for Progerin protein. The distinction between Progerin and LaminA10 proteins
through Western blotting is challenging, as they only differ by 30 amino acids. Similarly,
we did not detect LMNAA10 expression in PBMC, possibly due to the reduced or absent
expression of LMNA /C in PBMCs.

Cytokines play a crucial role in the initiation and progression of various pathologi-
cal processes, including cancer [51]. These molecules have the ability to either inhibit or
stimulate cell growth, regulate cell differentiation, and induce cell chemotaxis. Leukemia
originates from immature or developing cells in the bone marrow. In subsets of cells with
a low degree of differentiation, the expression of LMNA /C is either reduced or absent.
Research has shown that reduced LMNA /C expression in leukemia patients can lead to the
abnormal maturation of white blood cells, making them less effective in fighting off infec-
tions [52]. This is particularly evident in CLL, where impairments in granulocyte functions
contribute to increased susceptibility to infections [53]. Tumor growth can also impede the
maturation of natural killer (NK) cells, further compromising the immune system [54]. In
myelodysplastic syndrome (MDS), the reduced expression of activating receptors on bone
marrow NK cells is associated with the impaired killing of blasts [55]. CLL is also associ-
ated with a profound immune defect, leading to increased susceptibility to infections [56].
Furthermore, the overexpression of LMNA /C in macrophages has been found to activate
the proinflammatory nuclear factor kB (NF-«kB) pathway and increase the expression levels
of proinflammatory genes, such as Interleukin-6 (IL-6), tumor necrosis factor « (TNFo),
and induced nitric oxide synthase 2 (NOS2) [57]. Conversely, the depletion of LMNA /C
in macrophages suppresses the inflammatory responses induced by lipopolysaccharides
(LPS) [57]. However, the aforementioned study did not specifically investigate the different
transcript variants of LMNA/C. Therefore, it is crucial to examine the role of these transcript
variants in cytokine production to gain a comprehensive understanding of the mechanism
underlying inefficient cytokine production in white blood cells, including those affected
by leukemia. These findings underscore the importance of understanding and addressing
immune dysfunction in leukemia patients to improve their outcomes. In our study, we
observed a downregulation of LMNA and LMNC transcript variants in leukemia, particu-
larly in AML. The ratio of LMNC to LMNA expression may potentially influence cytokine
production, as well as cell growth, differentiation, and chemotaxis. Further investigations
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are warranted to explore the modulatory effect of LMNA /C transcript variants on these
cellular functions in the context of leukemia.

The potential of the IR-A:IR-B ratio as a tumor biomarker has been investigated in
breast adenocarcinoma [33] and NSCLC [34]. In breast cancer, a decrease in IR-B expression
was identified as the primary factor responsible for altering this ratio, while IR-A expression
remained unchanged [34]. However, our TagMan RT-qPCR analysis revealed an increase
in IR-A expression in breast cancer [30], which is consistent with the elevated levels of
IR-A observed in NSCLC [34]. Interestingly, while radioactive insulin binding sites were
found on most ALL, AML, CML, and AMoL cells, they were not detected in CLL [26].
This contradicts our findings of IR-A expression in CLL. Our results align with a previous
study that demonstrated the absence of IR-B in lymphocytes [28]. Notably, IR-B was absent
in PBMC, which consists of monocytes, T and B cells, and other lymphoid-origin cells.
Therefore, based on our findings, the IR-A:IR-B mRNA ratio cannot be considered a reliable
leukemia tumor marker.

Although neoplastic tissues typically express IR-A [24,26], this study found suppressed
IR-A transcript variant expression in AML, ALL, CML, and CLL. The INSR pathway di-
rectly impacts cancer development in solid tumors, with insulin and IGF-II activation
being prevalent in cancer cells, particularly in dedifferentiated /stem-like cells [26]. INSR
and IGF-IR play distinct roles in regulating genes associated with proliferation, apoptosis,
differentiation, and cell adhesion [25], and dysregulated IR-A expression plays a crucial
role. Historically, IGF-IR has been the primary focus of cancer therapy, overshadowing
INSR until recently. INSR facilitates farnesyltransferase activation, which is essential for
p21Ras activation via growth factors [58]. LMNA initially exists as a 74-kDa precursor,
preLMNA, featuring a C-terminal CaaX motif. Subsequent post-translational modifica-
tions such as farnesylation, aaX cleavage, and carboxylmethylation occur, followed by
endoproteolytic cleavage by Zmpste24 [59]. Our findings, in conjunction with these dis-
coveries, suggest a potential association between INSR and LMNA /C transcript variant
processing. Inhibiting IR-A may impede LMNA and LMNC transcript variant expression,
at least in PBMC, possibly by inhibiting farnesyltransferase activation. Further research is
necessary to elucidate this connection and investigate the potential of insulin potentiation
therapy (IPT) in leukemia treatment. IPT, which involves the use of insulin alongside
low-dose chemotherapy, has gained global attention but requires additional investigation
to determine its efficacy in treating leukemia.

Numerous investigations have provided evidence of a significant association between
higher body weight and the occurrence of leukemia. Prior studies have emphasized an
increased risk of leukemia among individuals who are overweight or obese, with the
latter group also showing a higher susceptibility to specific subtypes of leukemia [60,61].
Furthermore, another study revealed that excessive weight at the time of diagnosis had a
negative impact on the prognosis of pediatric acute lymphoblastic leukemia [62]. In contrast
to these findings, our study did not find any substantial disparity in weight between control
subjects and individuals diagnosed with leukemia.

The blood contains PBMCs, which are a diverse mixture of monocytes, dendritic cells,
lymphocytes (T and B cells), and other lymphoid cells. In myelogenous leukemia, the abnor-
mal cells primarily consist of granulocytes or monocytes, whereas lymphocytic leukemia is
mainly composed of lymphocytes. However, PBMCs may not be the most suitable sample
for studying AML and CML due to the absence of granulocytes. Moreover, the utilization
of heterogeneous PBMCs in this particular study is a significant limitation, and it would be
more advantageous to employ purified white blood cells for such investigations.

To summarize, the presence of LMNA and LMNC mRNA has been observed exclu-
sively in PBMCs. However, the expression of these transcript variants is suppressed in
PBMCs of individuals with leukemia. Notably, the ratio of LMNC to LMNA mRNA is
notably elevated in AML, suggesting its potential as a diagnostic marker for this type of
leukemia. On the other hand, IR-B is not detected in PBMCs, indicating that the ratio of
IR-A to IR-B mRNA cannot serve as a diagnostic marker for leukemia. Furthermore, the
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expression of IR-A is inhibited in various types of leukemia, including AML, CML, ALL,
and CLL.

5. Conclusions

In conclusion, our research offers significant findings regarding the expression profiles
of LMNA/C and INSR transcript variants in PBMCs among individuals with leukemia. We
have identified distinct patterns of expression for these variants, with particular attention
to the LMNC:LMNA ratio, which holds the potential for diagnosing AML. Furthermore,
our results underscore the importance of studying the role of IR-A in the development
of leukemia. Gaining a comprehensive understanding of IR-A’s contribution to disease
progression is essential for unraveling its mechanisms and exploring potential therapeu-
tic approaches.

Author Contributions: Conceptualization, K.S.A.; methodology, K.S.A., TK.A. and M.Z.; software,
TK.A., M.Z. and A.A ; formal analysis, K.5.A., N.B.S., M.Z. and O.Y].; investigation, N.B.S., O.Y].,
K.S.A. and T.K.A.; writing—original draft preparation, K.5.A., TK.A. and N.B.S.; writing—review
and editing, K.S.A., R.A.S. and A.A.; visualization, R.A.S. and A.A., supervision, A.A.; project
administration, A.A.; funding acquisition, A.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by King Abdullah International Medical Research Center
(KAIMRC), grant number RC16/206/R, and the APC was funded by Alfaisal University.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of King Fahad Medical City
(17-003E, 31 January 2017).

Informed Consent Statement: The research received ethical approval from the Institutional Review
Boards (IRB) of both KAMC and KFMC. Additionally, all participants involved in the study provided
written informed consent.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The researchers in this study have no personal or financial conflicts of interest
to declare, ensuring the impartiality and credibility of their work.

References

1. Hamid, G.A. Classification of acute leukemia. Ann. Intern. Med. 2011, 87, 740-753.

2. Laosai, J.; Chamnongthai, K. Classification of acute leukemia using medical-knowledge-based morphology and CD marker.
Biomed. Signal Process. Control 2018, 44, 127-137. [CrossRef]

3. Mckenna, R.W. Multifaceted approach to the diagnosis and classification of acute leukemias. Clin. Chem. 2000, 46 Pt 2, 1252-1259.
[CrossRef]

4. Taylor, C.G,; Stasi, R.; Bastianelli, C.; Venditti, A.; del Poeta, G.; Amadori, S.; Sargent, ]. M. Diagnosis and classification of the acute
leukemias: Recent advances and controversial issues. Hematop. Mol. Hematol. 1996, 10, 1-38.

5. Olsen, R].; Chang, C.-C.J.; Herrick, J.; Zu, Y.; Ehsan, A. Acute leukemia immunohistochemistry: A systematic diagnostic approach.
Arch. Pathol. Lab. Med. 2008, 132, 462-475. [CrossRef] [PubMed]

6. Foon, K.A; Gale, RP; Todd, R.F. Recent advances in the immunologic classification of leukemia. Semin. Hematol. 1986, 23,
257-283. [PubMed]

7. Sobol, R.E; Royston, L; Lebien, T.W.; Minowada, J.; Anderson, K.; Davey, ER.; Cuttner, J.; Schiffer, C.A.; Ellison, R.R.; Bloomfield,
C.D. Adult acute lymphoblastic leukemia phenotypes defined by monoclonal antibodies. Blood 1985, 65, 730-735. [CrossRef]
[PubMed]

8.  Pui, C.-H.; Carroll, W.L.; Meshinchi, S.; Arceci, R.J. Biology, risk stratification, and therapy of pediatric acute leukemias: An
update. J. Clin. Oncol. Off. |. Am. Soc. Clin. Oncol. 2011, 29, 551-565. [CrossRef] [PubMed]

9.  Yohe, S.L. Molecular Genetic Markers in Acute Myeloid Leukemia. J. Clin. Med. 2015, 4, 460-478. [CrossRef]

10. Mullighan, C.G.; Flotho, C.; Downing, J.R. Genomic Assessment of Pediatric Acute Leukemia. Cancer J. 2005, 11, 268-282.
[CrossRef]

11. Tefferi, A.; Dewald, G.W.,; Litzow, M.; Cortes, ].E.; Mauro, M.].; Talpaz, M.; Kantarjian, H.M. Chronic myeloid leukemia: Current

application of cytogenetics and molecular testing for diagnosis and treatment. Mayo Clin. Proc. 2005, 80, 390—402. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.bspc.2018.01.020
https://doi.org/10.1093/clinchem/46.8.1252
https://doi.org/10.5858/2008-132-462-ALIASD
https://www.ncbi.nlm.nih.gov/pubmed/18318587
https://www.ncbi.nlm.nih.gov/pubmed/3095928
https://doi.org/10.1182/blood.V65.3.730.730
https://www.ncbi.nlm.nih.gov/pubmed/3855666
https://doi.org/10.1200/JCO.2010.30.7405
https://www.ncbi.nlm.nih.gov/pubmed/21220611
https://doi.org/10.3390/jcm4030460
https://doi.org/10.1097/00130404-200507000-00003
https://doi.org/10.4065/80.3.390
https://www.ncbi.nlm.nih.gov/pubmed/15757021

J. Clin. Med. 2024, 13, 2568 10 of 11

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dechat, T.; Adam, S.A.; Taimen, P,; Shimi, T.; Goldman, R.D. Nuclear lamins. Cold Spring Harb. Perspect. Biol. 2010, 2, a000547.
[CrossRef] [PubMed]

Stuurman, N.; Heins, S.; Aebi, U. Nuclear lamins: Their structure, assembly, and interactions. J. Struct. Biol. 1998, 122, 42-66.
[CrossRef] [PubMed]

Butin-Israeli, V.; Adam, S.A.; Goldman, A.E.; Goldman, R.D. Nuclear lamin functions and disease. Trends Genet. TIG 2012, 28,
464-471. [CrossRef] [PubMed]

Prokocimer, M.; Margalit, A.; Gruenbaum, Y. The nuclear lamina and its proposed roles in tumorigenesis: Projection on the
hematologic malignancies and future targeted therapy. J. Struct. Biol. 2006, 155, 351-360. [CrossRef] [PubMed]

Irianto, J.; Pfeifer, C.R.; Ivanovska, I.L.; Swift, J.; Discher, D.E. Nuclear Lamins in Cancer. Cell. Mol. Bioeng. 2016, 9, 258-267.
[CrossRef] [PubMed]

Aljada, A.; Doria, J.; Saleh, A.M.; Al-Matar, S.H.; AlGabbani, S.; Shamsa, H.B.; Al-Bawab, A.; Ahmed, A.A. Altered Lamin A/C
splice variant expression as a possible diagnostic marker in breast cancer. Cell. Oncol. 2016, 39, 161-174. [CrossRef] [PubMed]
Taniguchi, C.M.; Emanuelli, B.; Kahn, C.R. Critical nodes in signalling pathways: Insights into insulin action. Nat. Rev. Mol. Cell
Biol. 2006, 7, 85-96. [CrossRef]

Belfiore, A.; Malaguarnera, R. Insulin receptor and cancer. Endocr.-Relat. Cancer 2011, 18, R125-R147. [CrossRef]
Vivekanandhan, S.; Mukhopadhyay, D. Genetic status of KRAS influences Transforming Growth Factor-beta (TGF-f3) signaling:
An insight into Neuropilin-1 (NRP1) mediated tumorigenesis. Semin. Cancer Biol. 2018, 54, 72-79. [CrossRef]

Ghoshal Gupta, S.; Baumann, H.; Wetzler, M. Epigenetic regulation of signal transducer and activator of transcription 3 in acute
myeloid leukemia. Leuk. Res. 2008, 32, 1005-1014. [CrossRef] [PubMed]

Benekli, M.; Baumann, H.; Wetzler, M. Targeting signal transducer and activator of transcription signaling pathway in leukemias.
J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009, 27, 4422-4432. [CrossRef] [PubMed]

Shi, Q.; Chen, Y.-G. Interplay between TGF-f signaling and receptor tyrosine kinases in tumor development. Sci. China Life Sci.
2017, 60, 1133-1141. [CrossRef] [PubMed]

Frasca, F; Pandini, G.; Sciacca, L.; Pezzino, V.; Squatrito, S.; Belfiore, A.; Vigneri, R. The role of insulin receptors and IGF-I
receptors in cancer and other diseases. Arch. Physiol. Biochem. 2008, 114, 23-37. [CrossRef] [PubMed]

Galal, M.A; Alouch, S.S.; Alsultan, B.S.; Dahman, H.; Alyabis, N.A.; Alammar, S.A.; Aljada, A. Insulin Receptor Isoforms and
Insulin Growth Factor-like Receptors: Implications in Cell Signaling, Carcinogenesis, and Chemoresistance. Int. J. Mol. Sci. 2023,
24,15006. [CrossRef] [PubMed]

Belfiore, A. The role of insulin receptor isoforms and hybrid insulin/IGF-I receptors in human cancer. Curr. Pharm. Des. 2007, 13,
671-686. [CrossRef]

Masson, K.; Rénnstrand, L. Oncogenic signaling from the hematopoietic growth factor receptors c-Kit and Flt3. Cell. Signal. 2009,
21,1717-1726. [CrossRef] [PubMed]

De Meyts, P. The insulin receptor isoform A: A mitogenic proinsulin receptor? Endocrinology 2012, 153, 2054-2056. [CrossRef]
[PubMed]

Vella, V.; Milluzzo, A.; Scalisi, N.M.; Vigneri, P.; Sciacca, L. Insulin Receptor Isoforms in Cancer. Int. ]. Mol. Sci. 2018, 19, 3615.
[CrossRef]

Aljada, A.; Saleh, A.M.; Al-Ageel, S.M.; Shamsa, H.B.; Al-Bawab, A.; Al Dubayee, M.; Ahmed, A.A. Quantification of insulin
receptor mRNA splice variants as a diagnostic tumor marker in breast cancer. Cancer Biomark. Sect. A Dis. Markers 2015, 15,
653-661. [CrossRef]

Sciacca, L.; Prisco, M.; Wu, A_; Belfiore, A.; Vigneri, R.; Baserga, R. Signaling differences from the A and B isoforms of the insulin
receptor (IR) in 32D cells in the presence or absence of IR substrate-1. Endocrinology 2003, 144, 2650-2658. [CrossRef]

Sesti, G.; Tullio, A.N.; D’Alfonso, R.; Napolitano, M.; Marini, M.A.; Borboni, P.; Longhi, R.; Albonici, L.; Fusco, A.; Aglian6, A.M.;
et al. Tissue-specific expression of two alternatively spliced isoforms of the human insulin receptor protein. Acta Diabetol. 1994,
31, 59-65. [CrossRef]

Huang, J.; Morehouse, C.; Streicher, K.; Higgs, BW.; Gao, J.; Czapiga, M.; Boutrin, A.; Zhu, W.; Brohawn, P,; Chang, Y.; et al.
Altered expression of insulin receptor isoforms in breast cancer. PLoS ONE 2011, 6, €26177. [CrossRef] [PubMed]

Jiang, L.; Zhu, W,; Streicher, K.; Morehouse, C.; Brohawn, P,; Ge, X.; Dong, Z.; Yin, X.; Zhu, G.; Gu, Y; et al. Increased IR-A/IR-B
ratio in non-small cell lung cancers associates with lower epithelial-mesenchymal transition signature and longer survival in
squamous cell lung carcinoma. BMC Cancer 2014, 14, 131. [CrossRef]

Ziegler, A.; Konig, LR.; Schulz-Knappe, P.D.M. Challenges in planning and conducting diagnostic studies with molecular
biomarkers. Dtsch. Med. Wochenschr. 2013, 138, e14—e24. [CrossRef]

Hajia, M. Limitations of Different PCR Protocols Used in Diagnostic Laboratories: A Short Review. Med. Lab. ]. 2018, 1, 1-6.
[CrossRef]

Eggington, ].M.; Bowles, K.R.; Moyes, K.; Manley, S.; Esterling, L.E.; Sizemore, S.; Rosenthal, E.T.; Theisen, A.P.; Saam, J.; Arnell,
C.; etal. A comprehensive laboratory-based program for classification of variants of uncertain significance in hereditary cancer
genes. Clin. Genet. 2014, 86, 229-237. [CrossRef] [PubMed]

Zangar, R.C; Daly, D.S.; White, A.M. ELISA microarray technology as a high-throughput system for cancer biomarker validation.
Expert Rev. Proteom. 2006, 3, 37-44. [CrossRef]


https://doi.org/10.1101/cshperspect.a000547
https://www.ncbi.nlm.nih.gov/pubmed/20826548
https://doi.org/10.1006/jsbi.1998.3987
https://www.ncbi.nlm.nih.gov/pubmed/9724605
https://doi.org/10.1016/j.tig.2012.06.001
https://www.ncbi.nlm.nih.gov/pubmed/22795640
https://doi.org/10.1016/j.jsb.2006.02.016
https://www.ncbi.nlm.nih.gov/pubmed/16697219
https://doi.org/10.1007/s12195-016-0437-8
https://www.ncbi.nlm.nih.gov/pubmed/27570565
https://doi.org/10.1007/s13402-015-0265-1
https://www.ncbi.nlm.nih.gov/pubmed/26732077
https://doi.org/10.1038/nrm1837
https://doi.org/10.1530/ERC-11-0074
https://doi.org/10.1016/j.semcancer.2018.01.014
https://doi.org/10.1016/j.leukres.2007.11.035
https://www.ncbi.nlm.nih.gov/pubmed/18192010
https://doi.org/10.1200/JCO.2008.21.3264
https://www.ncbi.nlm.nih.gov/pubmed/19667270
https://doi.org/10.1007/s11427-017-9173-5
https://www.ncbi.nlm.nih.gov/pubmed/29067649
https://doi.org/10.1080/13813450801969715
https://www.ncbi.nlm.nih.gov/pubmed/18465356
https://doi.org/10.3390/ijms241915006
https://www.ncbi.nlm.nih.gov/pubmed/37834454
https://doi.org/10.2174/138161207780249173
https://doi.org/10.1016/j.cellsig.2009.06.002
https://www.ncbi.nlm.nih.gov/pubmed/19540337
https://doi.org/10.1210/en.2012-1234
https://www.ncbi.nlm.nih.gov/pubmed/22523330
https://doi.org/10.3390/ijms19113615
https://doi.org/10.3233/CBM-150505
https://doi.org/10.1210/en.2002-0136
https://doi.org/10.1007/BF00570536
https://doi.org/10.1371/journal.pone.0026177
https://www.ncbi.nlm.nih.gov/pubmed/22046260
https://doi.org/10.1186/1471-2407-14-131
https://doi.org/10.1055/s-0033-1343172
https://doi.org/10.30699/mmlj17-01-01
https://doi.org/10.1111/cge.12315
https://www.ncbi.nlm.nih.gov/pubmed/24304220
https://doi.org/10.1586/14789450.3.1.37

J. Clin. Med. 2024, 13, 2568 11 of 11

39.

40.
41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Horvatovich, P.L.; Bischoff, R. Current Technological Challenges in Biomarker Discovery and Validation. Eur. |. Mass. Spectrom.
2010, 16, 101-121. [CrossRef]

Simon, P. Q-Gene: Processing Quantitative Real-time RT-PCR Data. Bioinformatics 2003, 19, 1439-1440. [CrossRef]

Broers, ].L.; Machiels, B.M.; Kuijpers, H.].; Smedts, E; van den Kieboom, R.; Raymond, Y.; Ramaekers, F.C. A- and B-type lamins
are differentially expressed in normal human tissues. Histochem. Cell Biol. 1997, 107, 505-517. [CrossRef]

Hutchison, C.J.; Worman, H.J. A-type lamins: Guardians of the soma? Nat. Cell Biol. 2004, 6, 1062-1067. [CrossRef] [PubMed]
Stadelmann, B.; Khandjian, E.; Hirt, A.; Luthy, A.; Weil, R.; Wagner, H.P. Repression of nuclear lamin A and C gene expression in
human acute lymphoblastic leukemia and non-Hodgkin’s lymphoma cells. Leuk. Res. 1990, 14, 815-821. [CrossRef] [PubMed]
Lin, F.; Worman, H.J. Expression of nuclear lamins in human tissues and cancer cell lines and transcription from the promoters of
the lamin A/C and B1 genes. Exp. Cell Res. 1997, 236, 378-384. [CrossRef] [PubMed]

Agrelo, R.; Setien, F.; Espada, J.; Artiga, M.].; Rodriguez, M.; Perez-Rosado, A.; Sanchez-Aguilera, A.; Fraga, M.F,; Piris, M.A;
Esteller, M. Inactivation of the lamin A/C gene by CpG island promoter hypermethylation in hematologic malignancies, and its
association with poor survival in nodal diffuse large B-cell lymphoma. J. Clin. Oncol. 2005, 23, 3940-3947. [CrossRef] [PubMed]
Willis, N.D.; Cox, T.R.; Rahman-Casans, S.E; Smits, K.; Przyborski, S.A.; van den Brandt, P; van Engeland, M.; Weijenberg, M.;
Wilson, R.G.; de Bruine, A.; et al. Lamin A/C is a risk biomarker in colorectal cancer. PLoS ONE 2008, 3, €2988. [CrossRef]
[PubMed]

Scaffidi, P.; Misteli, T. Reversal of the cellular phenotype in the premature aging disease Hutchinson-Gilford progeria syndrome.
Nat. Med. 2005, 11, 440-445. [CrossRef] [PubMed]

Toth, ].I; Yang, S.H.; Qiao, X.; Beigneux, A.P.; Gelb, M.H.; Moulson, C.L.; Miner, ].H.; Young, S.G.; Fong, L.G. Blocking protein
farnesyltransferase improves nuclear shape in fibroblasts from humans with progeroid syndromes. Proc. Natl. Acad. Sci. USA
2005, 102, 12873-12878. [CrossRef] [PubMed]

Moulson, C.L.; Fong, L.G.; Gardner, ] M.; Farber, E.A.; Go, G.; Passariello, A.; Grange, D.K.; Young, S.G.; Miner, ]. H. Increased
progerin expression associated with unusual LMNA mutations causes severe progeroid syndromes. Hum. Mutat. 2007, 28,
882-889. [CrossRef]

McClintock, D.; Ratner, D.; Lokuge, M.; Owens, D.M.; Gordon, L.B.; Collins, E.S.; Djabali, K. The mutant form of lamin A that
causes Hutchinson-Gilford progeria is a biomarker of cellular aging in human skin. PLoS ONE 2007, 2, e1269. [CrossRef]
Landskron, G.; De la Fuente, M.; Thuwajit, P.; Thuwajit, C.; Hermoso, M.A. Chronic inflammation and cytokines in the tumor
microenvironment. J. Immunol. Res. 2014, 2014, 149185. [CrossRef] [PubMed]

Perillie, P.E.; Finch, S.C. The local exudative cellular response in leukemia. J. Clin. Investig. 1960, 39, 1353-1357. [CrossRef]
[PubMed]

Itdlda, M.; Vainio, O.; Remes, K. Functional abnormalities in granulocytes predict susceptibility to bacterial infections in chronic
lymphocytic leukaemia. Eur. J. Haematol. 1996, 57, 46-53. [CrossRef] [PubMed]

Richards, J.O.; Chang, X.; Blaser, B.W.,; Caligiuri, M.A.; Zheng, P.; Liu, Y. Tumor growth impedes natural-killer-cell maturation in
the bone marrow. Blood 2006, 108, 246-252. [CrossRef]

Carlsten, M.; Baumann, B.C.; Simonsson, M.; Jadersten, M.; Forsblom, A.-M.; Hammarstedt, C.; Bryceson, Y.T.; Ljunggren, H.-G.;
Hellstrom-Lindberg, E.; Malmberg, K.-J. Reduced DNAM-1 expression on bone marrow NK cells associated with impaired killing
of CD34+ blasts in myelodysplastic syndrome. Leukemia 2010, 24, 1607-1616. [CrossRef] [PubMed]

Riches, J.C.; Ramsay, A.G.; Gribben, ].G. Immune Reconstitution in Chronic Lymphocytic Leukemia. Curr. Hematol. Malig. Rep.
2012, 7, 13-20. [CrossRef] [PubMed]

Kim, Y.; Bayona, PW.; Kim, M.; Chang, J.; Hong, S.; Park, Y.; Budiman, A.; Kim, Y.J.; Choi, C.Y.; Kim, W.S,; et al. Macrophage
Lamin A/C Regulates Inflammation and the Development of Obesity-Induced Insulin Resistance. Front. Immunol. 2018, 9, 696.
[CrossRef] [PubMed]

Goalstone, M.; Carel, K.; Leitner, ].W.; Draznin, B. Insulin stimulates the phosphorylation and activity of farnesyltransferase via
the Ras-mitogen-activated protein kinase pathway. Endocrinology 1997, 138, 5119-5124. [CrossRef] [PubMed]

Davies, B.S.; Fong, L.G.; Yang, S.H.; Coffinier, C.; Young, S.G. The posttranslational processing of prelamin A and disease. Anni.
Rev. Genom. Hum. Genet. 2009, 10, 153-174. [CrossRef]

Reagan, J.L.; Ingham, R.R.; Dalia, S.; Furman, M.S.; Merhi, B.; Nemr, S.; Zarrabi, A.; Mitri, J.; Castillo, J.]. Association Between
Obesity /Overweight and Leukemia: A Meta-Analysis of Prospective Cohort Studies. Blood 2011, 118, 3588. [CrossRef]

Larsson, S.C.; Wolk, A. Overweight and obesity and incidence of leukemia: A meta-analysis of cohort studies. Int. . Cancer 2008,
122,1418-1421. [CrossRef] [PubMed]

Galati, P.C.; Ribeiro, C.M.; Pereira, L.T.G.; Amato, A.A. The association between excess body weight at diagnosis and pediatric
leukemia prognosis: A systematic review and meta-analysis. Blood Rev. 2022, 51, 100870. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1255/ejms.1050
https://doi.org/10.1093/bioinformatics/btg157
https://doi.org/10.1007/s004180050138
https://doi.org/10.1038/ncb1104-1062
https://www.ncbi.nlm.nih.gov/pubmed/15517000
https://doi.org/10.1016/0145-2126(90)90076-L
https://www.ncbi.nlm.nih.gov/pubmed/2232854
https://doi.org/10.1006/excr.1997.3735
https://www.ncbi.nlm.nih.gov/pubmed/9367621
https://doi.org/10.1200/JCO.2005.11.650
https://www.ncbi.nlm.nih.gov/pubmed/15867203
https://doi.org/10.1371/journal.pone.0002988
https://www.ncbi.nlm.nih.gov/pubmed/18714339
https://doi.org/10.1038/nm1204
https://www.ncbi.nlm.nih.gov/pubmed/15750600
https://doi.org/10.1073/pnas.0505767102
https://www.ncbi.nlm.nih.gov/pubmed/16129834
https://doi.org/10.1002/humu.20536
https://doi.org/10.1371/journal.pone.0001269
https://doi.org/10.1155/2014/149185
https://www.ncbi.nlm.nih.gov/pubmed/24901008
https://doi.org/10.1172/JCI104153
https://www.ncbi.nlm.nih.gov/pubmed/13734376
https://doi.org/10.1111/j.1600-0609.1996.tb00489.x
https://www.ncbi.nlm.nih.gov/pubmed/8698131
https://doi.org/10.1182/blood-2005-11-4535
https://doi.org/10.1038/leu.2010.149
https://www.ncbi.nlm.nih.gov/pubmed/20613786
https://doi.org/10.1007/s11899-011-0106-x
https://www.ncbi.nlm.nih.gov/pubmed/22231031
https://doi.org/10.3389/fimmu.2018.00696
https://www.ncbi.nlm.nih.gov/pubmed/29731750
https://doi.org/10.1210/endo.138.12.5621
https://www.ncbi.nlm.nih.gov/pubmed/9389491
https://doi.org/10.1146/annurev-genom-082908-150150
https://doi.org/10.1182/blood.V118.21.3588.3588
https://doi.org/10.1002/ijc.23176
https://www.ncbi.nlm.nih.gov/pubmed/18027857
https://doi.org/10.1016/j.blre.2021.100870
https://www.ncbi.nlm.nih.gov/pubmed/34384603

	Introduction 
	Materials and Methods 
	Results 
	Demographic Data of Subjects 
	Differential Expression of LMNA/C mRNA Expression in PBMC 
	Inhibition of INSR (IR-A) mRNA Expression in PBMC 

	Discussion 
	Conclusions 
	References

