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Abstract – Objective: Investigation of the underlying mechanisms involved in disease patho-
genesis can open new insights into therapeutic strategies for patients with acute myeloblastic leu-
kemia. A genetic mutation in TP53 (Tumor Protein 53) gene is detected in most malignancies and 
considered a key element in the determination of treatment planning due to its prognostic value; 
however, there are insufficient data for the evaluation of the amount of p53 expression as the 
product of the TP53 gene especially in hematologic malignancies such as acute myeloid leukemia 
(AML). The aim of this study was to evaluate p53 expression deregulation, according to different 
subtypes of acute myeloid leukemia. 

Patients and Methods: Eighty-two new cases of AML and twelve healthy, normal control volun-
teers entered into this study with informed consent. The levels of p53 expression were examined using 
relative quantitative Real-time PCR (polymerase chain reaction). Statistical analyses were performed by 
t-test, one-way ANOVA and Tukey test using SPSS software.

Results: M3 and non M3 groups had a significant decrease in p53 expression in comparison with 
normal controls (30% and 20% of normal levels, respectively). Also, M3 patients showed apparently 
higher levels of p53 expression compared with other subtypes of AML.
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kinds of malignancies and their association with 
poor overall survival (OS) in AML patients, the sig-
nificance of the deregulated expression of p53 has 
not been considered well in patients with AML28-30. 
In this study, we showed that p53 has deregulated 
expression in acute myeloid leukemia patients and 
it has a somewhat different expression in different 
subclasses of AML.

PATIENTS AND METHODS 

Patients and risk stratification

These study examinations were conducted on 82 
AML patients and 12 bone marrow (were obtained 
from bone marrow (BM) banking) and peripheral 
blood (PB) samples (from healthy volunteers) which 
were considered as normal controls. Mononuclear 
cells were collected from the BM and PB samples of 
patients and control groups. 

QRT-PCR (synthetized by RevertAid 
First Strand cDNA Synthesis Kit) 
Real-time PCR assay was carried out using SYBR™ 
Green Real-time PCR Master Mixes (Amplicon, 
Denmark). The primer sequences were P53 for-
ward: AGGCTGTGTTCAAGTGGTTCTGA, P53 
Reverse: ACAAAAATTAGCGGGGCGTGG. ABL 
(housekeeping gene for normalization) forward: 
AGTCTCAGGATGCAGGTGCT and ABL reverse: 
TAGGCTGGGGCTTTTTGTAA. RNA was isolat-
ed from mononuclear bone marrow and peripheral 
blood cells by Raeasy Kit (Qiagen, Hilden, Germa-
ny). The cDNA (cDNA was synthetise by RevertAid 
First Strand cDNA Synthesis Kit) products were 
amplified by PCR for p53 gene in conditions: 10 min 
at 95°C, then 40 cycles at 95°C for 15 s and 60°C for 
30 s. The expression level of target genes was ana-
lyzed by the 2-ΔΔCT method and p53 gene expression 
was normalized against ABL as a reference gene.

The ethical issue

The study was approved by the Institutional Ethics 
Committee of the Ahvaz Jundishapur University of 
Medical Sciences (IR.AJUMS.REC.1395.58). The 
protocols are in agreement with the Helsinki Decla-

INTRODUCTION

Acute myeloid leukemia (AML) is a clonal disor-
der of hematopoietic system resulted from genetic 
and epigenetic abnormalities in hematopoietic stem 
cells1,2. This condition can alter gene expression 
and disrupt normal cell growth and differentiation. 
Since most of the deregulated genes belong to tumor 
suppressor or oncogene families; all vital aspects of 
the cell function such as cell cycle, differentiation, 
survival, and cell signaling will be changed in the 
direction of cancer formation3-7. Detection of the 
underlying mechanisms of AML pathogenesis is 
the basis of prognosis determination and risk strat-
ification of patients which are essential in choosing 
appropriate therapeutic approaches8,9. In this regard, 
17 p 13.1 deletions that usually affect tumor suppres-
sor gene TP53 (encoding the p53 protein) are of the 
most critical factors in the risk stratification of AML 
patients although these mutations are infrequent in 
these patients10,11. Moreover, till now studies proved 
that P53 has a crucial role in all vital aspects of cell 
biology, including cell cycle, apoptosis, autophagy 
and DNA repair12,13. Genetic alterations of the p53 
gene such as mutations are also commonly found in 
different types of cancer, such as lung, esophageal, 
colorectal, ovarian cancers, and leukemia14,15. While 
the appearance of destructive mutations is the main 
way for tumorigenesis in solid tumors; it seems that 
these genetic abnormalities do not have the same 
importance in leukemogenesis16-18. On the other 
hand, epigenetic modifications seem to be essential-
ly involved in leukemia formation and development 
in accompany with the gene mutation. In this way, 
different mutations of TP53 (especially TP53 dele-
tions) have been observed in approximately half of 
the human tumors, although they are detected in just 
11 % of hematologic malignancies19,20. Insofar TP53 
mutations have been demonstrated in 4.5-15 % of 
different AML sub-classes, although interestingly, 
they have not been reported in acute promyelocytic 
leukemia (APL) 5. In addition, recent studies have 
demonstrated a deregulated pattern of expression of 
key genes involved in hematopoiesis in hematologic 
malignancies21-27. Despite the importance of p53 mu-
tations in the formation and progression of different 

Conclusions: According to the results of the present study, there is an overall reduction in the 
level of p53 expression in patients with AML, meanwhile p53 showed differential expression in 
AML subtypes and M3 subtype showed higher expression in comparison with other AML subtypes. 
It suggests that p53 expression has a possible relation with granulocyte maturation and prognosis. 
Further investigations are needed to clarify the exact role of p53 expression fluctuations in AML 
patients as basic molecular events in malignant cells. 
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pression in 82 de novo AML patients using the same 
technique. The obtained values of ABL and p53 were 
28.78 ± 3.44 and 25.35 ± 2.30, respectively. The Ct 
values obtained are indicative of strong positive reac-
tions with abundant target nucleic acids. Subsequent-
ly, the Ct values obtained from p53 were normalized 
against the internal reference gene and ABL for both 
AML positive and normal control group samples. 
A statistical comparison was then made between 
the normalized values of AML-positive and normal 
control group samples, which revealed a significant 
difference (p < 0.0000023) between p53 expression 
and healthy patients (Figure 1). The mean expression 
level (± SD) measured of p53 for the AML-positive 
cases and the normal controls were 7.88 ± 2.12 and 
30.22 ± 3.10, respectively. The expression level in the 
range of 95 % confidence interval, defined for the p53 
average expression level in the healthy population, 
was considered at 17.36 - 43.03 and this analysis re-
vealed that 12.19% of AML positive patients carried 
an intermediate p53 gene expression. Expression lev-
els that fell below the threshold of the intermediate 
ranges for p53 were defined as low expression lev-
els, 0.0041–0.79 in p53 and observed in 87.81% of 
AML-positive patients.

ration. The written informed consent was obtained 
from each patient before inclusion. Patients were clas-
sified according to French-American-British (FAB).

Statistical analysis

Gene expression levels were calculated using 2-ΔΔCt 

and Livak formula. The normal distribution of 
the genes was confirmed by the Shapiro-Vilk and 
Kolmogorov-Smirnov tests. Statistical analysis was 
performed using the SPSS software version 17.0 
(SPSS Inc., Chicago, IL, USA) and the level of sig-
nificance was considered as p ˂ 0.05. Data means 
differences among patients and control groups were 
analyzed using the t-test. According to the patient’s 
classification, a one-way ANOVA test was used for 
normal distributions. Dunnett sample was used to 
test the relationship between subgroups individually 
with the control group. Tukey test was also used to 
examine the relationship between subgroups.

RESULTS

Profile of patient sample specifications

This study was performed using 82 samples ob-
tained from de novo AML patients of different gen-
ders and ages and 12 normal controls from healthy 
volunteers with an informed context (Table I). Pa-
tients were divided into different subtypes accord-
ing to FAB/WHO classification as follows: 9 cases 
of M0, 18 cases of M1, 12 cases of M2, 27 cases of 
M3, 10 cases of M4, 6 cases of M5. There were no 
cases of M6 and M7 in this study (Table I). 

P53 expression in AML and healthy patients

The mean Ct values (± SD) of ABL and p53 were 
30.49 ± 1.64 and 25.38 ± 1.80 in normal samples, re-
spectively. We also measured the ABL and p53 ex-

TABLE 1. Characteristics of patients.

Data	 Characteristics
		
Genus	 45 male/ 37 female
Age	 2-87 years
Classification (FAB)	 N
M0	  9
M1	 18
M2	 12	
M3	 27
M4	 10
M5	  6
Grouping	 N
  (based on differentiation)	
Without differentiation	 39
Granulocyte differentiation	 27
Monocyte differentiation	 16

Fig. 1. Relative expression of p53 in 82 AML patients and 
13 healthy patients was measured from Ct values and nor-
malized against a reference gene (ABL). A significant diffe-
rence (p<0.0001) between p53 expression in AML patients 
and healthy patients was identified. A relative p53 expression 
level of 7.88 ± 2.12 (SD) was measured in AML patients in 
comparison to 30.22 ± 3.10 (SD) in the normal control group. 
Pv=p-value, Pv<0.05 is significant.
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p53 gene and all its relevant aspects in neoplastic 
cells. In this study, gene expression levels of p53 
reduced in both M3 and non-M3 AML patients 
(0.30741 and 0.21972 fold, respectively). Although 
previous studies detected p53 gene mutations in 
different kinds of human malignancies and p53 mu-
tations have been reported in a significant number 
of human cancers; the frequency of mutations was 
unexpectedly lower in AML patients in comparison 
with other human cancers16,31. Due to the crucial role 
of the p53 pathway in maintaining cell integrity, it is 
strongly suggested that the rate of p53 abnormalities 
should be limited to gene mutations while the gene 
expression abnormalities can cause the same effect 
as well, but unfortunately it has been neglected. 
Moreover, studies demonstrated that patients with 
p53 mutations have a poor prognosis, refractory dis-
ease and short-term survival32,33. In spite of the crit-
ical role of p53 abnormalities in cancer development 
and its strong prognostic impacts, there is no com-
prehensive study on p53 expression, especially in 
hematologic malignancies. In this regard, the results 
of the present study declared that the p53 gene ex-
pression decreased in 87.81% of patients; these data 
clearly indicate that gene expression abnormality 
may be more important than gene mutation as our 
data showed p53 expression reduction in the major-
ity of AML patients and universally in all subtypes 
of AML. Despite the fact that we detected an overall 
reduction in p53 expression in AML patients, differ-
ent studies performed on the cell line or non-clinical 
samples showed somewhat different results. For in-
stance, Shikami et al34 reported the decreased level 
of p53 protein in t(8;21) positive AML cells but they 
observed no changes in mRNA level. However, we 
did not evaluate the p53 protein level in our samples, 
but it is supposed to have lower levels of p53 protein 
in patients with reduced p53 mRNA levels. On the 
other hand, while we showed an overall reduction 
of the p53 in non-M3 patients, Fu et al35 indicated 
that after ectopic expression of AML1-ETO fusion 
genes, the AML1-ETO fusion protein attaches to 
AML1 binding site and induces the early growth 
response gene l (EGR1) expression and, thereaf-
ter, p53 and PTEN expression. Nevertheless, these 
studies were done in different contexts or using cell 
lines, which were basically different from our eval-
uation. In another study, Bellodi et al36 claimed that 
PML/RARa fusion gene inhibits p53 transcription 
and subsequently, eradicates the growth suppression 
and apoptosis effects of p5336. Though in the present 
study, there was a bit more p53 expression level in 
M3 patients, it seems that patients with PML-RARα 
mutation (M3 subtype) exhibit a lower reduction of 
tumor suppressor genes such as p53 compared to 
the non-M3 group. Since there is a high relevance 
between PML-RARα modification and differentia-

Differential expression of p53
 in FAB subtypes of AML
The differential expression of p53 between the dif-
ferent FAB subtypes expressed in AML patient 
samples was evaluated by the ANOVA test. Statis-
tically, there was no significant difference between 
the different FAB subgroups, but it was intuitively 
different; the low expression of p53 (± SEM) was ob-
served in M3 (9.29 ± 4.32) and non-M3 (6.64 ± 2.21) 
respectively. However, in comparison to the normal 
control group, these subgroups show a significant 
reduction (p < 0.0001 and p = 0.002, respectively), 
without any correlation between these subgroups 
together (Figure 2). The lowest expression was seen 
in M0 and the highest expression was seen in M5 in 
the non-M3 patient (without M3). The mean of gene 
expression was higher in non-M3 sub-group, al-
though the difference was no significant (Figure 2).

DISCUSSION

Since the disruption of p53 pathway components is 
highly frequent in initiation and progression of dif-
ferent malignancies13,15,21,28,29, it’s crucial to evaluate 

Fig. 2. The relative expression of p53 measured in 82 AML 
patients are grouped by their corresponding FAB subgroup 
and analysis by means of the ANOVA test determines that 
there is no significant difference in expression between these 
subgroups. The relative expression of p53 was measured at 
9.29 ± 4.32 (SEM) in the nonM3 subgroup and at 6.64 ± 21 
(SD) in the M3 subgroup. The M3 and non-M3 subgroups 
have a significant reduction in comparison to the normal con-
trol group (p<0.000 for both of them). There is no significant 
difference in p53 expression between these subgroups. Pv=p-
value, P<0.05 is significant. 



5

THE EXPRESSION OF THE TP53 GENE IN VARIOUS CLASSES OF ACUTE MYELOID LEUKEMIA

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES

    1.	 Kumar CC. Genetic abnormalities and challenges in the 
treatment of acute myeloid leukemia. Gynecol Oncol 
2011; 2 : 95-107.

    2.	 Mrózek K, Marcucci G, Paschka P, Whitman SP, Bloomfield 
CD. Clinical relevance of mutations and gene-expression 
changes in adult acute myeloid leukemia with normal 
cytogenetics: are we ready for a prognostically prioritized 
molecular classification. Blood 2007; 109: 431-448.

    3.	 Estey E, Döhner H. Acute myeloid leukemia. Lancet 
2006; 368: 1894-1907.

    4.	 Norouzirad R, Khazaei Z, Mousavi M, Adineh HA, Ho-
ghooghi M, Khabazkhoob M, Nirouzad F, Dorchin M, 
Khazaei S, Sohrabi Vafa M, SL, Shahrouzian A, Chaei-
deh B, Beiranvand R. Epidemiology of common cancers 
in Dezful county, southwest of Iran. Immunopathologia 
Persa 2017; 4: 216-224.

    5.	 Hajibabaei K. The role of antioxidants and pro-oxidants 
in the prevention and treatment of cancers. Ann Res 
Antioxid 2016; 1: e9

    6.	 Khazaei S, Rezaeian S, Khazaei Z, Molaeipoor L, Ne-
matollahi S, Lak P, Khazaei S. National Breast cancer 
mortality and incidence rates according to the human 
development index: an ecological study. Breast Cancer 
Res Treat 2016; 5: e30.

    7.	 Mousavi Movahhed SM BMS, Hayati F, Shayanpour S, Halili 
SA, Sabetnia L, Khazaei Z, Mousavi Movahhed SM, Beladi 
Mousavi SS, Hayati F, Shayanpour S, Halili SA, Sabetnia L, 
Khazaei Z. The relationship between chronic kidney disease 
and cancer. J Nephropathol 2018; 7: 115-116.

    8.	 Shahreza FD. From oxidative stress to endothelial cell 
dysfunction. J Prev Epidemiol 2016; 1:e4.

    9.	 Leone G, Voso MT, Sica S, Morosetti R, Pagano L. The-
rapy related leukemias: susceptibility, prevention and 
treatment. Leuk Lymphoma 2001; 41: 255-276.

  10.	 Soenen V, Preudhomme C, Roumier C, Daudignon A, 
Laï JL, Fenaux P. 17p deletion in acute myeloid leukemia 
and myelodysplastic syndrome. Analysis of breakpoints 
and deleted segments by fluorescence in situ. Blood 
1998; 91: 1008-1015.

  11.	 Middeke JM, Herold S, Rücker-Braun E, Berdel WE, 
Stelljes M, Kaufmann M, Schäfer-Eckart K, Baldus CD, 
Stuhlmann R, Ho AD, Einsele H, Rösler W, Serve H, 
Hänel M, Sohlbach K, Klesse C, Mohr B, Heidenreich F, 
Stölzel F, Röllig C, Platzbecker U, Ehninger G, Bornhäu-
ser M, Thiede C, Schetelig J. TP 53 mutation in patients 
with high-risk acute myeloid leukaemia treated with 
allogeneic haematopoietic stem cell transplantation. Br 
J Haematol 2016; 172: 914-922.

  12.	 Vousden KH, Lu X. Live or let die: the cell’s response 
to p53. Nat Rev Cancer 2002; 2: e594.

  13.	 Green DR, Kroemer G. Cytoplasmic functions of the 
tumor suppressor p53. Nature 2009; 458: e1127.

  14.	 Petitjean A, Mathe E, Kato S, Ishioka C, Tavtigian SV, 
Hainaut P, Olivier M. Impact of mutant p53 functional 
properties on TP53 mutation patterns and tumor phe-
notype: lessons from recent developments in the IARC 
TP53 database. Hum Mutat 2007; 28: 622-629.

  15.	 Li X-L, Zhou J, Chen Z-R, Chng W-J. P53 mutations in 
colorectal cancer-molecular pathogenesis and pharma-
cological reactivation. World J Gastroenterol 2015; 21: 
e84.

tion procedure, it could be proposed that apparent-
ly higher level of p53 gene expression in AML-M3 
patients suggest the role of p53 in differentiation 
progress. In addition, it can be expressed that p53 
level may also be related to the overall survival and 
response to therapy because of the good prognosis 
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CONCLUSIONS

The results of the present study showed that there is 
an overall reduction in the level of p53 expression in 
AML patients, meanwhile, p53 had differential ex-
pression in AML subtypes and M3 patients demon-
strated higher expression compared to other AML 
subtypes. So, it suggests that the p53 expression has 
a possible relation with granulocyte maturation and 
prognosis. Further investigations are needed to clar-
ify the exact role of p53 expression fluctuations in 
AML patients as basic molecular events in malig-
nant cells.

Financial support
Ahvaz Jundishapur University of Medical Sciences (Ah-
waz, Iran).

Abbreviations
AML: Acute myeloid leukemia, APL: Acute Promyelo-
cytic Leukemia 

Author contribution 
All authors contributed to the design of the research. 
AA, MHM, FM, HAN, SP, MRK and MAF collected 
the Data. AA, MHM, FM, HAN, SP, MRK, MAF and 
ZKH conducted analysis and interpretation of data. AA, 
MHM, FM, HAN, SP, MRK and MAF edited the first 
draft. All authors reviewed, commented and approved 
the final draft.

Acknowledgments 
This work was financially supported by grant TH95/1 
from the Vice Chancellor for Research Affairs of the 
Ahvaz Jundishapur University of Medical Sciences. 

Ethical approval
All the procedures performed in the studies involving 
human participants were in accordance with the Ethical 
standards of the Local Ethics Committee of the Ahvaz 
Jundishapur University of Medical Sciences (IR.AJUMS.
REC.1395.58) as well as 1964 Helsinki Declaration. Writ-
ten informed consent was obtained from all patients and 
normal subjects.



6

  27.	 Salarpour F, Goudarzipour K, Mohammadi MH, 
Ahmadzadeh A, Faraahi S, Farsani MA. Evaluation 
of CCAAT/Enhancer Binding Protein (C/EBP) Alpha 
(CEBPA) and Runt-Related Transcription Factor 1 
(RUNX1) expression in patients with de novo acute 
myeloid leukemia. Ann Hum Genet 2017; 81: 276-283.

  28.	 Bossi G, Lapi E, Strano S, Rinaldo C, Blandino G, Sacchi 
A. Mutant p53 gain of function: reduction of tumor 
malignancy of human cancer cell lines through abro-
gation of mutant p53 expression. Oncogene 2006; 25: 
e304.

  29.	 Hajian S. MicroRNAs in nephrology; new concepts. 
Immunopathologia Persa 2017; 4: 115-123.

  30.	 Davoodi M BS, Bahadoram M, Barahman M, Khazaei 
Z, Amiri M. Impact of cancers on the kidney function 
and structure; an ignored entity. J Renal Inj Prev 2018; 
7: 112-115.

  31.	 Goudarzipour K, Ahmadzadeh A, Mohammadi MH. 
Changes of AML 1 and P53 tumor suppressor gene 
expression in patients de novo acute myeloid leukemia. 
Journal of Paramedical Sciences 2017; 8: 39-45.

  32.	 Haferlach C, Dicker F, Herholz H, Schnittger S, Kern W, 
Haferlach T. Mutations of the TP53 gene in acute mye-
loid leukemia are strongly associated with a complex 
aberrant karyotype. Leukemia 2008; 22: e1539.

  33.	 Seifert H, Mohr B, Thiede C, Oelschlägel U, Schäkel U, 
Illmer T, Soucek S, Ehninger G, Schaich M. The progno-
stic impact of 17p (p53) deletion in 2272 adults with 
acute myeloid leukemia. Leukemia 2009; 23: e656.

  34.	 Shikami M, Miwa H, Nishii K, Kyo T, Tanaka I, Shiku 
H, Kita K, Nitta M. Low p53 expression of acute 
myelocytic leukemia cells with t (8; 21) chromosome 
abnormality: Association with low p14ARF expression. 
Leukemia 2006; 30: 379-383.

  35.	 Fu L, Huang W, Jing Y, Jiang M, Zhao Y, Shi J, Huang S, 
Xue X, Zhang Q, Tang J, Dou L, Wang L, Nervi C, Li Y, 
Yu L. AML1–ETO triggers epigenetic activation of early 
growth response gene l, inducing apoptosis in t (8; 21) 
acute myeloid leukemia. FEBS J 2014; 281: 1123-1131.

  36.	 Bellodi C, Kindle K, Bernassola F, Cossarizza A, Dinsdale 
D, Melino G, Heery D, Salomoni P. A cytoplasmic PML 
mutant inhibits p53 function. Cell Cycle 2006; 5: 2688-
2692.

  37.	 Nikzad S, Mahmoudi G, Amini P, Baradaran-Ghahfarokhi 
M, Vahdat-Moaddab A, Sharafi SM, Hojaji-Najafabadi L, 
Hosseinzadeh A. Effects of radiofrequency radiation in 
the presence of gold nanoparticles for the treatment of 
renal cell carcinoma. J Renal Inj Prev 2017; 6: e103.

  16.	 Peller S, Rotter V. TP53 in hematological cancer: low in-
cidence of mutations with significant clinical relevance. 
Hum Mutat 2003; 21: 277-284.

  17.	 Gharibvand M, Bahadoram M, Dorestan N, Majdi Z, 
Alaei S, Davoodi M. Evaluation of gray-scale and color 
Doppler sonography accuracy in discrimination betwe-
en benign and malignant adnexal tumors. Immunopa-
thologia Persa 2018; 4: e16.

  18.	 Zeighami S, Azizzadeh E, Tabatabaee HR, Adib A, 
Babaei AH, Ariafar A. Opium and grade of urothelial 
bladder cancer. J Neuropathol Exp Neurol 2018; 7: 
e321.

  19.	 Krug U, Ganser A, Koeffler HP. Tumor suppressor genes 
in normal and malignant hematopoiesis. Oncogene 
2002; 21: e3475.

  20.	 Nakano Y1, Naoe T, Kiyoi H, Kitamura K, Minami S, 
Miyawaki S, Asou N, Kuriyama K, Kusumoto S, Shi-
mazaki C, Akiyama H, Saito K, Nishimura M, Motoji T, 
Shinagawa K, Saito H, Ohno R. Prognostic value of p53 
gene mutations and the product expression in de novo 
acute myeloid leukemia. Eur J Haematol Suppl 2000; 
65: 23-31.

  21.	 Shakweer MM, El-Sheshtawy NM. Emerging role of 
Treg FOXP3 expression in cancer prognosis and au-
toimmune diseases. Immunopathol persa 2016; 3: 
113-121.

  22.	 Mahmoudian-Sani M-R, Mehri-Ghahfarrokhi A, Shojae-
ian A, Asadi-Samani M, Luther T. The role of microRNAs 
in human cancers. Immunopathologia Persa 2017; 4: 
221-28. 

  23.	 Khosravi MR, Mohammadi MH, Khadem P, Lashkari 
S, Aghaeenezhad H, Gharehbaghian A. Evaluation of 
P21Cip1 and P27Kip1 expression in de novo acute 
lymphoblastic leukemia patients. Biomed Res 2018; 5: 
2518-2527.

  24.	 Aghaeenezhad H, Mohammadi MH, Toogeh G, Salari 
S, Khosravi MR, Mezginezhad F. The evaluation of the 
TGF-β1 and TβRII gene expression in patients with acute 
lymphoblastic leukemia. World Family Medicine 2018; 
16: 198-206.

  25.	 Aghaeenezhad H, Mohammadi MH, Khosravi MR, Sa-
lari S, Hajifathali A, Farsani MA. The evaluation of p21 
and p27 expression in HLA-DR negative AML patients. 
J Fam Pract 2018; 7: e253.

  26.	 Farsani MRK, Amiri V, Hajifathali A, Mohammadi M, 
Jabari M, Farsani MA. The expression patterns of APC2 
and APC7 in newly diagnosed acute lymphoblastic 
leukemia. Br J Pharm Res 2017; 19: 468-475.


