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Introduction: Gene mutation is an infrequent cause of tumor suppressor gene (TSG) defect in
de novo AML patients. Instead, it seems that leukemic cells employ epigenetic tricks to attenuate
the negative impacts of intact TSGs. Ordinarily, critical TSGs, such as p16INK4A, is hyper-methylated
in AML blasts under the impact of master epigenetic regulators, such as UHRF1. In this study, we
investigated the correlation between UHRF1 and p16INK4A gene expression levels in newly diagnosed AML patients. Methods: Bone marrow and peripheral blood samples were obtained from
50 newly diagnosed AML patients and 18 healthy normal control subjects. Gene expression levels
of UHRF1 and P16INK4A were surveyed using SYBR Green Quantitative Real-time PCR. Statistical analyses were done using SPSS statistical software 21.0. Results: P16INK4A gene expression showed
reduced levels in 80.64% of patients above 45 years of age, while only 32% of patients below 45
years had reduced expression levels. The Spearman correlation test also demonstrated a significant negative correlation between UHRF1 and p16INK4A gene expression levels in AML patients,
which was not observed in the control group (r=0.343 and P= 0.015). Conclusion: Regarding
the age-related patterns of UHRF1 and p16INK4A gene expression, and also the presence of negative correlation between them, we conclude that UHRF1 may potentially be involved in p16INK4A
down-regulation in elderly AML patients, which may subsequently facilitate the progression of AML
in older ages.
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INTRODUCTION
Acute myelogenous leukemia (AML) is a clonal malignant disease of hematopoietic system, which accumulates in bone marrow and disrupts normal
hematopoiesis 1 . Despite increased understanding of
AML pathophysiology, the mortality rate of AML
patients is relatively higher than other hematologic
malignancies 2 . Besides the disadvantages of current
treatment protocols, one reason for poor outcome
in AML patients is the absence of an entirely accurate prognostic marker in patients with normal karyotype (which includes nearly 50% of AML patients) 3 .
Therefore, new studies are necessary for the determination of appropriate prognostic markers and effective treatment protocols. In this regard, recent studies
have implicated that epigenetic modifications play a
causal role in the initiation and progression of cancer
at least as frequently as mutation 4,5 .
Some of the evidence have suggested the prominent
pathogenic role of epigenetics in the aggressive behavior of AML versus other genetic lesions 6 . For instance, when compared with other human cancers,
AML has a paucity of genetic lesions per case 7 . Also,

recent studies have shown that many AML patients
do not carry any recognized AML-associated driver
gene mutations 3 . Finally, in contrast to solid tumors,
sequencing results have shown an infrequent rate of
mutations in TSGs in AML patients (except for mutations in WT1 and p53 genes which occur in 10% and
7% of AML patients, respectively) 8 .
In comparison with solid tumors, leukemic
myeloblasts mainly undergo genome-wide hypermethylation 9 , which represses mainly gene expression of TSGs 10 . On the other hand, epigenetic
modifications in AML patients have a tendency to
induce new mutations 10 . The expression of some
TSGs is an age-dependent process and increases
with aging, probably to prevent clonal expansion
of cells that have sufficient number of tumorigenic
mutations 11,12 . In this regard, we studied the expression of p16INK4A, a tumor preventive gene, as it
has this pattern of gene expression 13 . However, in
malignant conditions such as AML, p16INK4A gene
expression is reduced with aging, which is mainly due
to hyper-methylation of the CDKN2A promoter 14 .
Sub-clinical studies have shown that some demethylase agents, such as cladribine and clofarabine, en-
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hance the cytotoxic effect of routine AML therapies by
epigenetic modulation of TSGs, such as CDKN2A 15 .
We also evaluated the gene expression of UHRF1, an
oncogene which suppresses the expression of TSGs
(such as CDKN2A) in solid tumors 16 . UHRF1 is
responsible for histone modification (by interacting
with G9a, HDAC1 and Suv39H1 proteins) and DNA
methylation (by interacting with DNA methyltransferases (DNMTs) to condense the genome and reduce its accessibility to transcription factors 16 . On
the other hand, UHRF1 marks DNMT1a/3 for proteosomal degradation and, thereby, causes genomewide hypo-methylation 17 .
Regarding genome-wide hyper-methylation 9 and
subsequent CDKN2A promoter hyper-methylation 18
in leukemic blasts of AML, to our knowledge, this is
the first study to evaluate UHRF1 gene expression
level as an important epigenetic regulator and to
investigate its correlation with p16INK4B gene
expression. These investigations may help us to
better understand the processes involved in TSG
deregulation in elder AML patients.

METHODS
Patients
Peripheral blood (PB) and bone marrow (BM) samples were obtained at the time of diagnosis (prior
to cytotoxic chemotherapy) during routine clinical
assessment of 50 de novo AML patients. Specimens were collected from all patients with informed consent in agreement with the Declaration of Helsinki and the Ethical Committee of
Shahid Beheshti University of Medical Sciences
(IR.SBMU.RETECH.REC.1396.800). Diagnosis was
made based on PB or BM film examination, immunophenotyping, and molecular studies. Immunophenotyping analysis was based on the World Health
Organization (WHO) classification. Detailed demographic and sub-clinical characteristics of the patient
samples are summarized in Table 1. We also collected
18 control samples from PB and BM of healthy persons.

RNA extraction and cDNA synthesis
Mononuclear cells were isolated from PB or BM samples using Ficoll-Hypaque (INTRON, South Korea)
density gradient centrifugation. These specimens
were immediately cryopreserved or prepared for RNA
extraction. Total RNA was extracted from each specimen using 1ml of Trizol. The quantity and quality of total RNA and its contamination with genomic
DNA were examined by Nanodrop (Thermo Scientific, USA) and agarose gel electrophoresis. RNA to
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cDNA conversion was performed according to the
cDNA kit (from Thermo Scientific).

Analysis of gene expression by Real-time
quantitative PCR (RT-qPCR)
A SYBR Green I Real-time PCR assay was performed
in 25 µl final reaction volume using 5 µl cDNA (100
ng RNA equivalent), 0.75 µl primers (300 nM), 12.5
Universal Master Mix (Ampliqon, Denmark), 2.5 µl
PCR buffer 10X, and sterile dH2O to reach total volume. Thermal cycling was carried out on Rotor-Gene
6000 (Qiagen, USA) using the following cycling conditions: 10 min at 95o C, followed by 40 cycles at 95o C
for 15 s, and 60o C for 30 s. Efficiency of all primers
was evaluated by triplicate testing of five serial dilutions of cDNA. The fold changes of each gene were
calculated by ∆∆CT formula 19 .

Statistical analyses
Statistical data were expressed as mean ± SD. All tests
were performed in triplicates and standard deviation
(SD) less than 0.167 was admissible as a good interrun reproducibility. Depending on the Shapiro-Wilk
test results, we used One-Way ANOVA or KruskalWallis for multi-state variables, and t-test or MannWhitney U for two-state variables. For analysis of correlation, Spearman test was used. Two tailed P-value
less than 0.05 was considered as significant (Table 2).

RESULTS
Overall, 50 AML patients and 18 healthy volunteers
were evaluated in this study. The age of the patients in
the study was between 2 -89 years (median 47 years).
Patients were divided in three distinct groups, including AML M0-M2 (n=26, 52%), AML M3 (2=18, 36%),
and AML M4-M5 (n=6, 12%). Based on immunophenotyping parameters (e.g. gate of CD45 dim, the
samples ranged from 20-96% (median 80%) blast. The
control group included 5 males and 13 females, aged
13-87 years (median 35 years) (Table 1).
As depicted in Figure 1A, p16INK4A showed increased expression in 13 (26%) of the patients, intermediate expression in 14 (28%) of patients, and a reduced expression in 23 (46%) of patients. In search for
criteria that could impact p16INK4A gene expression,
we compared gene expression in different sub-groups
based on age, gender, blast percent, CD34, HLA-DR
positive or negative, and FAB sub-types. We also
evaluated the correlation of p16INK4A with continuous variables, including age and blast percent. When
comparing any group, no statistically significant difference was observed, except for a negative significant
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Table 1: Summary of patient’s demographic data
Study population (N=50)
Age median, y (Range, y)
Sex (Male/Female)
Sample type (Peripheral blood/Bone marrow)
Blast percent (Range %)
Immunological Classification (%)
AML M0-M2
AML M3
AML M4, M5

35 (3-89)
21/29
12/38
80 (20-98)
26 (52)
18 (36)
6 (12)

Table 2: Real-time PCR oligonucleotide primers
Genes

CDKN2A

UHRF1

ABL

Primers

Sequences
(5’-3’)

TM
(o C)

CDKN2A.F

GCACCAGAGGCAGTAACCA

59.63

CDKN2A.R

AGTTTCCCGAGGTTTCTCAGAG

59.70

UHRF1.F

GCGGGGCTTCTGGTACGAC

UHRF1.R

TCCACGAAGATGATCCGACAGTC

62.04

ABLF

TGGAGATAACACTCTAAGCATAACTAAAG

59.1

ABLR

GATGTAGTTGCTTGGGACCCA

60.0

Amplicon
size (bp)
101

correlation with the age of patients (Figure 2A, r=0.034, and P=0.016). Based on the regression lines in
Figure 2A, 80.64% of patients with age above 45 years
showed a decreased expression of p16INK4A, lower
than the age-matched control group. However, this
situation was observed only in 32% of patients below
45 years. In contrast to AML patients, p16INK4A expression had a positive significant correlation with age
in the control group (Figure 2A, control group r =
0.50).
We also evaluated UHRF1 gene expression between
different subgroups involved in this study. UHRF1
gene expression was down-regulated in 39 (78%)
AML patients, compared with the control group
(Figure 1A, Mann-Whitney U test P=0.001). The expression of UHRF1 gene was significantly correlated
to age of both normal subjects and AML patients,
but in a reciprocal manner (Figure 2B, control group
r=-0.45, P=0.05; AML patients r=0.34, P=0.52). Finally, we found that the gene expression of UHRF1
and p16INK4A showed a negative correlation in AML
patients, but not in the control group (Figure 2C, r=0.343, p=0.015).

DISCUSSION
DNA methylation pattern is commonly an agedependent process, which is characterized by a drift
in CpG island epigenetic marks during aging. This
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drift gradually causes a distinctive pattern of epigenetic marks in old and young AML patients 1,18,20,21 . A
study showed that the promoter of CDKN2B gene is
de-methylated in healthy elder, which causes a higher
expression of this gene in older individuals compared
with younger ones 20 . This pattern of over-expression
can induce apoptosis or cellular senescence in cells
with genomic damage and is regarded as a protective mechanism against cancer formation 14 . However, cancer cells reduce the expression and also function of p16INK4A to overcome this barrier 7 . For example, several types of solid tumors increase the expression of UHRF1, an oncogene that recruits methylase enzymes to the CDKN2B promoter for repressing
its expression 16 .
In contrast with solid tumors, we demonstrated that
UHRF1 expression was significantly decreased in
78% of AML patients (39/50 patients). Routinely,
UHRF1 over-expression in solid tumors enhances tumor growth and prevents cellular differentiation and
senescence 2 . UHRF1 overexpression in patients with
breast cancer downregulates BRCA1 tumor suppressor and is associated with lower survival rate 21 . Various studies have also shown that UHRF1 is overexpressed in other solid tumors such as lung cancer 22 , liver cancer 23,24 , gastric cancer 25 , colorectal
cancer 26,27 , and prostate cancer 28 . It impacts clinical
stage, metastasis, progression, relapse of disease, and
overall survival of patients. Compelling evidence have
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Figure 1: Correlation of P16INK4A and UHRF1 at the level of gene expression and also with the age of healthy
and leukemic subjects. Green fitted lines to dots represents the regression of patients and blue lines are for
healthy subjects. A and B: Spearman correlation rank was significant between age and the gene expression levels
of both P16INK4A and UHRF1 when data split by healthy and patient’s subgroups. As depicted in figure A, When
P16INK4A gene expression was adjusted by the age, >80% of patients older than 45 years old express this gene
more than healthy subjects but this situation was occurred in only 32% of patients younger than 45 years old. We
also found a significant correlation between P16INK4A and UHRF1 gene expression in patients but not healthy
subjects.

revealed that although UHRF1 over-expression induces global DNA hypo-methylation through DNMT
degradation 17 , it simultaneously recruits methylase to
the genomic regions of TSGs, such as CDH1, P16,
P53, P21, KISS1 and PML, and suppresses their expression in malignant conditions 16 .
Based on these observations, if over-expression of
UHRF1 is useful for malignant cells, it is thereby unclear as to why AML leukemic blasts downregulate
UHRF-1 expression. A previous report by Mizuno et
al. showed that DNMTs increased in AML patients
in comparison with the bone marrow normal cells 19 .
Further studies revealed that, DNMT enzymes are
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marked by UHRF1 for future degradation by proteasome system 17 . Therefore, regarding our data,
UHRF1 down-regulation can be a possible mechanism, underlying DNMT overexpression in AML patients, which is consistent with genomic hypermethylation that occurs in many TSG regions of AML
blasts 9 . Additionally, other studies on human hepatocellular carcinoma cell lines have demonstrated that
UHRF1 deficiency led to an expansion of cancer cells
by CXCR4/AKT-JNK/IL-6 signaling pathway activation 29 .
Furthermore, we also detected a significant positive
correlation between the age of AML patients and
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Figure 2: Relative expression of P16INK4A and UHRF1 in patients and healthy subjects (A),age sub-groups
(B),AML sub-types (C) and gender subgroups (D). Except UHRF1 that was significantly higher in healthy subjects
(with ages younger than 40 years old) compare to AML patients (A and D) all other comparison had not showed
significant differences.

UHRF1 gene expression levels (r=0.397 and p=0.005).
In our study, patients above 50 years old had a tendency to express UHRF1 in a similar method with
healthy subjects, while younger patients had lower
levels of UHRF1 in comparison with healthy counterparts. Thus far, no study before ours has investigated
UHRF1 gene expression and its correlation with aging.
Consistent with the results obtained from solid tumors 16 , in the present study, UHRF1 gene expression
had a significant negative correlation with p16INK4A
gene expression. Evidence from the evaluation of various types of human cancers, including gastric cancer, colorectal cancer, lung cancer, cervical cancer and
pancreatic carcinoma, showed that UHRF1 caused
suppression of p16INK4A gene expression through
hyper-methylation of its genomic locus 16 .
We found that more than 80% of patients who were
older than 45 years expressed p16INK4A at a lower
level than the normal control group. However, this
situation was seen in only 32% of patients below 45
years (on the other hand, 68% of patients below 45
years had p16INK4A over-expression). p16INK4A
over-expression in younger patients can be a consequence of their positive regulator over-expression 30
or a physiological response to keep cells from leukemogenesis lesions, as well as preventing occurrence
during aging in normal people 14 . However, this physiological barrier has some essential defects in elderly
AML patients. Consistent with our observations, de
Jonge et al. reported that p16INK4A gene expression is reduced by aging in AML patients and impacts overall survival of old patients 9,31 looking for a

reason. We found that old patients who had downregulation of p16INK4A, express UHRF1 similar to
their healthy counterpart. We suggest that a regulated
pattern of UHRF1 gene expression is needed to reduce
p16INK4A gene expression in AML patients. This
regulated pattern not only prevents over-degradation
of DNMT enzymes that generally occur in solid tumors (probably due to UHRF1 over-expression) but
it can also properly recruit DNMTs to the promoter
of CDKN2A gene to suppress its expression.

CONCLUSIONS
In this study, for the first time, UHRF1 has been
shown to act as a repressor of p16INK4A in elderly
AML patients. Down-regulation of p16INK4A may
suppress cell physiological defenses against leukemogenesis and dangerous lesions, and may facilitate the
development of AML in elderly people.
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