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Abstract 

     Acute myeloid leukemia (AML) is a genetically heterogeneous clonal disease 

defined by the proliferation and accumulation of immature hematopoietic cells in the 

bone marrow and blood. This study aimed to evaluate the CD47 and CD274 (PD-

L1) expression in Iraqi AML patients and its role in the disease and evasion of 

malignant cells from immune system. The study was conducted on 85 patients 

diagnosed with leukemia, 25 of them were excluded as they had taken chemotherapy 

for less than a week and because the proportion of tumor cells was less than 20%. 

Virtually, it was conducted on 60 patients with AML and 20 healthy individuals as a 

control group.  The expression of CD47 and CD274 (PD-L1) was evaluated using 

flow cytometry in the peripheral blood of AML samples only.  Also MMP-2 level in 

serum was evaluated via ELISA in both AML and control samples. The expression 

of CD47 and CD274 in AML patients was found to be high. Analysis of CD274 

(PDL1) expression in blast populations showed a significant increase in the 

proportion of CD274 (PD-L1) positive blast cells in isolated peripheral blood 

samples (66.3050 ± 1.94522). Also, the CD47 expression on blast cells in AML was 

recorded as significantly high (64.9333±2.05873). For MMP-2 (ng/ml) level in 

serum, the mean level non-significantly increased in AML as compared to the 

control group (102.677±8.719; 92.191±5.161) respectively. 
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مشيم )كانه قد تعاطه العقار الكيسياوي   25اصابتيم بابيزاض الدم، تم استبعاد مريض مذخرين ب 85عمى 
 60%. فعميا، قد اجريت الدراسة عمى  20اقل من  ترومية كانلسدة اقل من اسبهع ( لان ندبة الخلايا الا

 CD47ير عن فردًا سميسًا كسجسهعة سيظرة. تم تقييم التعب 20مريزًا مرابًا بابيزاض الدم الشقهي الحاد و 
باستخدام قياس التدفق الخمهي في عيشات الدم السحيظي لمسرضى فقط، وكذلك تقييم  CD274 (PD-L1)و 

لكل من السرضى ومجسهعة الديظرة. كان مدتهى السدتقبلات  ELISAفي السرل بهاسظة  MMP-2مدتهى 
CD47  وCD274  في مرضىAML  مرتفعًا. كان تعبيرCD274 (PD-L1) رومية عاليا في الخلايا الا

عمى الخلايا  CD47(. كسا كان تعبير 1.94522±  66.3050في عيشات الدم السحيظية السعزولة )
-MMP (. اما بالشدبة لسدتهى 2.05873±  64.9333الارومية في السرضى مرتفعًا بذكل ممحهظ )

لسرضى مقارنة بسجسهعة الديظرة نانهغرام / مل( في مرل الدم ، فقد ارتفع ارتفاعا غير معشهي في ا(2
 ( عمى الترتيب.5.161±  92.191؛  ±8.719  102.677)

Introduction 

As the name suggests, acute myeloid leukemia (AML) is an aggressive form of blood cancer 

characterized by impaired differentiation of hematopoietic stem cells, leading to uncontrolled 

clonal development of undeveloped myeloid progenitor cells and blasts in the bone marrow, 

peripheral blood and other tissues [1][2]. Among adults, AML is the most common cause of 

acute leukemia, while juvenile leukemia is the second most common form [1][3]. Not only 

should the age of patients be considered, but also the presence of cytogenetic or molecular 

genetic defects [3]. In most AML cases, the first line of treatment is chemotherapy. While this 

may result in a full recovery, most patients will eventually relapse and succumb to the disease. 

Hence, new therapeutic approaches are required [2][3]. In a recent study conducted in 2020, 

Al Nakeeb and Al- Rubaye found that it is possible to infer the serum expression levels of 

miR-142-3p, miR-223-3p and miR-146-3p which can act as useful indicators for early 

detection of pediatric acute leukemia [4]. However, AML blasts stimulate various immune 

evasion mechanisms in order to leak from host immune reactions and bypass immune 

mediated rejection [5]. Immune evasion relies heavily on the orientation of various co-

inhibitory receptors on T cells, such as cytotoxic T-lymphocyte associated protein 4 

(CTLA4), programmed cell death protein 1 (PD-1), T-cell immunoglobulin and mucin-

domain containing-3 (Tim-3), T cell immunoreceptor with Ig and ITIM domains (TIGIT),  

lymphocyte-activation gene 3 (LAG-3) and their interaction with their specific ligands [5][6]. 

More than 60 years ago, Burnet and Thomas proposed that the immune system acts as a 

protector in identifying and eliminating cancer [7]. Cancer cells, on the other hand, are able to 

avoid the immune system response in a variety of ways. Tumor escape from immune system 

responses has been identified as one of the emerging hallmarks of cancer in previous research 

over the past 15 years [8]. Therefore, the term "cancer immune-editing" was coined to 

describe the immune system response to cancer during its various stages [9]. There are three 

stages of this dynamic mechanism in which the immune system not only protects against the 

development of cancers but also outlines the personality of evolving cancers [10][11]. As a 

result, researchers were able to reduce the incidence of spontaneous leukemia, lymphomas, 

breast and lung cancers. According to these findings, at least certain types of tumors require a 

functioning immune system to be controlled [12]. A number of tumor immune-evasion 

mechanisms were documented in the past, including down-regulation of MHC I and II 

expression, metabolic alternates such as consumption of essential amino acids included 

arginase-2 and indoleamine 2, 3-dioxygenase-1 [13][14], poor tumor cell co-stimulation lead 

to T cell energy [15], secretion of immune suppressant cytokines and enzymes [16] and 

expansion and/or indwelling of T cells [17][18]. Pathways that lead to tumor development, 

invasion and metastasis have a number of connections in the tumor microenvironment. 

Patients with hematological malignancies benefit from immune surveillance because T cells 

identify tumor associated antigens and activate tumor cell apoptosis [19]. The immune 
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surveillance of hematological malignancies is also enhanced by NK cells [20]. Due to their 

origins in primary and secondary lymphoid tissues, hematological malignant cells are 

immunogenic and immunosuppressive [21]. Many studies have shown that AML cells are 

prone to being attacked by innate and adaptive immunity. They are susceptible to T-cell 

recognition because they express both MHC I and II. Some AML subtypes use immune 

evasion mechanisms to prevent the initiation of an anti-tumor immune response, while others 

do not [5][22]. PD-L1, Gal-9 and CD155 upregulation on AML cells are few of the essential 

strategies used to evade the host immune response [23][24][25]. Patients with AML will also 

eventually exhaust their effector T cells, which can stimulate an antitumor response. 

Enhanced expression of co-inhibitory particles such as CTLA-4, PD-1, Tim-3, TIGIT and 

LAG-3 is a characteristic of T cell enervation [24]. Blockade of co-inhibitory molecules in 

AML can allow for a more efficient anti-leukemic immune response [26]. 

SUBJECTS AND METHODS: 

Study population and design 

This prospective cross-sectional study was conducted on Iraqi patients with AML in the 

Hematology center, Baghdad Teaching Hospital, Medical City. The study was conducted on 

85 patients diagnosed with leukemia, 25 of them were excluded as they had taken 

chemotherapy for less than a week and because the proportion of tumor cells was less than 

20%. Virtually, it included 60 patients diagnosed with acute myeloid leukemia, and 20 

healthy individuals as a control group with matching age and sex. 

Samples collection: 

Blood samples: 

Blood collected aseptically by venipuncture was divided into two parts, one part was put into 

a sterile blood collection tube with dipotassium ethylene diamine tetra-acetic acid (K2EDTA) 

vacutainer and the other part was put in a gel tube to obtain serum.  

Flow cytometri analysis of membrane molecule expression: 

Membrane molecule CD (Cluster of differentiation) markers expression was analyzed by flow 

cytometry (FCM) using PE, APC and FITC conjugated anti-CD274 (PD-L1), CD47 and 

CD45 (CD45 used as gating marker) monoclonal antibodies (Elabscience Biotechnology Inc, 

United States) as following: fresh peripheral blood was placed in a 12x75mm tube with the 

appropriate amount of fluorochrome conjugated monoclonal antibody and left for 15-30 

minutes in the dark at room temperature (between 20°C and 25°C) with a gentle vortex. Then, 

2ml of 1X BD FACS Lysing solution was added to the mixture and left for 10 minutes in dark 

at room temperature with a gentle vortex. The tubes were centrifuged at 500xg for five 

minutes. The supernatant was then removed. 2 to 3ml BD cell wash buffer was added and 

centrifuged at 500xg for 5 minutes, before removing the supernatant. The previous step was 

repeated one more time. For the final step, 0.5 ml of the 1% solution of paraformaldehyde was 

added and mixed. The data was analyzed on a flow cytometer using BD FACSC Canto with 

FACSDIVA software in the flow cytometer [27].  

Matrix Metaloprotinase-2 (MMP-2) measurement:  

To measure MMP-2, the sandwich ELISA kit, provided by Al-Shkairate establishment of 

medical supply (Jordan), was used. It was necessary to use a recombinant human protein to 

create the standard curve of MMP-2. The test was carried out in accordance with the 

manufacturer's instructions. The concentration of MMP-2 was calculated from a standard 

curve. 

Ethical approval: 

All investigations were performed in accordance with the Al-Anbar University Medical 

Research Ethics Clearance Committee guidelines, Iraq. The local ethics committee approved 

the study protocol and informed consent was taken from all subjects. 

Statistical Analysis: 
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Numbers were presented as minimum and maximum values, as well as a mean and median, 

and as a standard deviation (SD). For comparisons between groups, the Mann-Whitney U test 

was used. Nonparametric version of Student's t-test. Resulting qualitative data was presented 

in the form of frequency and percentage. The chi-square (x
2
) test was used to compare and 

analyze qualitative variables. Using Spearman's correlation coefficient, a significant 

correlation between the expression of CD47, PDL-1 and MMP-2 was determined. Results 

were considered statistically significant when the p value of two-sided test was ≤0.05, IBM® 

SPSS® Statistics Version 23 for Microsoft Windows, SPSS Inc was used to analyze the data. 

Results: 

Baseline characteristics of included patients: 

The present study was conducted on 60 patients with AML and 20 healthy individuals 

samples collected from the Hematology center, Baghdad Teaching Hospital, Medical City. 

Out of 60 participants, 24 were males and 36 females, with 20 controls10 were males and 10 

females. The mean age of patients was 45.8 years, ranging from 13 to 70 years and control 

age mean 32.4 years which ranged from 18 to 55 years. According to duration, the patients 

were divided into 3 groups, 39(65%) newly diagnosed with AML (non-treated), 17(28.33%) 

were diagnosed in duration between one month to one year and 4(6.67%) were diagnosed for 

more than one year (Table 1). 

 

Table 1-Characteristics of AML patients and healthy control groups 

Characteristics Category AML Control 

 

Gender 

Male 
N % N % 

24 40% 10 50% 

Female 36 60% 10 50% 

Age Mean ± SD 
39.375±16.75 

(13-70) 

32.4±11.75 

(18-55) 

Duration 

New 39 (65%) 
 

- 
1m-1y 17 (28.33%) 

>1y 4 (6.67%) 

Treatment 
Non treated 39 (65%) 

- 
Treated 21 (35%) 

Flow Cytometry Data: 

Assessment of Blast Cells Markers Expression in AML Patients: 

At different treatment time points, leukemic (blast) cells from freshly isolated peripheral 

blood samples of different AML patients were examined for PD-L1 and CD47 expression. 

The standardized fluorescence intensity (SFI) was used as a readout because the mean 

fluorescence intensity showed a large range (MFI). 

Frequency of CD274 (PDL-1) gene expression: 

In the beginning, the constitutive blast cell surface PD-L1 protein expression was assessed 

with flow cytometer on AML patients. Analysis of PDL1 expression in blast populations 

showed high level in the proportion of PDL1-positive blast cells in isolated peripheral blood 

samples (66.3050%) (Figure 1). When comparing the SFI of PD-L1 with freshly isolated blast 

cells from male patients with blast cells isolated from female patients, no significant 

differences was observed (66.5958%±3.54757; 66.1111%±2.26158) respectively. For 

duration the first group (non-treated newly diagnosed) PDL-1 expression was 

(63.9821%±2.20432), the second group (duration between 1 month to 1 year) PDL-1 

expression between (70.8882%±3.80426) and for the last group, more than one year, PDL-1 

was (69.4750%±11.72479) (Figures 1, 2; Table 2).  
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Figure 1-This figure shows a positive case of CD274 expression analysis. Dot plot to identify 

CD274 + blast cells 

 
Figure 2 - This figure shows Flow cytometeric CD274 (as a prognostic marker) analysis 

showed different samples of AML patients. 

 

Frequency of CD47 gene expression 

The percentage of CD47 expression on blast cells in AML was high (64.9333%). For CD47 

expression percentage on blast cells the (mean ±SD) non-significantly increased in females 

(65.9278%±2.35296) as compared to males (63.4417%±3.79237). For the time period, it has 
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been noted that the expression increases non-significantly as the disease progresses in time 

when comparing the newly diagnosed group with the patients whose duration ranges from one 

month to one year, as well as with the patients who have been infected for more than one year 

(63.9487%±2.40444; 66.5529%±4.44172; 67.6500%±8.93350) respectively (Figures 3, 4; 

Table 2).  

 
Figure – 3 - This figure shows a positive case of CD47 expression analysis. Dot plot to 

identify CD47 + blast cells. 

 
Figure 4 - This figure shows Flow cytometeric CD47 (as a prognostic marker) analysis 

showed different samples of AML patients. 

MMP-2: 

In the present study, the mean level of MMP-2 (ng/ml) non-significantly increased in AML  

as compared to the control group (102.677±8.719; 92.191±5.161) respectively (Figure 5). For 

the effect of gender, MMP-2 (ng/ml) increased significantly in males (103.865±12.247) as 

compared to the females (84.857±7.889) in AML patients. When comparing the effect of 
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treatment, it has been found that the concentration of MMP-2 ng/ml increased insignificantly 

in treated patients as compared to the newly diagnosed patients (95.402±8.751; 92.960±7.070) 

respectively (Table 2).  

 
Figure 5 - This figure shows MMP-2 (ng/ml) level between groups 

 

Table 2- It shows the levels of CD274 and CD47 expression on blast cells and MMP-2 levels 

in different categories. 

Characteristic category CD274% CD47% MMP-2 (ng/ml) 

Disease 
AML 64.9333±1.94522 66.3050±2.05873 102.677±8.719 

Control - - 92.191±5.161 

Gender 
Male 66.5958±3.54757 63.4417±3.79237 103.865±12.247 

Female 66.1111±2.26158 65.9278±2.35296 84.857±7.889 

 

Duration 

Newly 

diagnosed 
63.9821±2.20432 63.9487±2.40444 92.792±6.662 

1m-1y 70.8882±3.80426 66.5529±4.44172 97.398±6.24 

>1y 69.4750±5.72479 67.6500±5.93350 114.096±6.1694 

Treatment 
Non treated 64.8876±2.233 65.87±2.546 92.960±7.070 

Treated 69.665±5.875 66.653±4.45 95.402±8.751 

 

Discussion 

Acute Myeloid Leukemia AML patients in Iraq were assessed for CD47 and CD274 

expression and MMP-2 levels to determine their role in the disease pathogenesis and immune 

system escape. In order to achieve the study objective, flow cytometry was used to measure 

the expression of CD47 and CD274 on AML cells, as well as the MMP-2 level in serum. The 

standardized fluorescence intensity (SFI) was used as a readout because the mean 

fluorescence intensity showed a large range (MFI). Patients in complete remission and those 

who relapsed, showed higher PD-L1 expression in this study. These findings were in 

agreement with those of a previous study that analyzed PD-L1 expression on blast cells 

isolated from bone marrow aspirates and peripheral blood samples of different AML patients 

at different treatment time points, and observed minor PD-L1 upregulation after IFN-c 

exposure [28]. It is possible that the recently proposed paradigm shift on PD-L1 and immune 

inflammatory response could explain these seemingly contradictory observations. Oncogene-

driven tumor immune evasion may well be mediated by PD-L1 expression, which has been 

proposed to be up-regulated on cancer cells [29][30][31][32]. PD-L1 is widely known to be 

present in a wide variety of tumors, which include solid and hematological tumors [33][34]. 

92.191 

102.677 

Cotrol AML

MMP-2 (ng/ml) 
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Upon allo-HSCT [35] and hypomethylating entities [36]; along with azaticidine and 

decitabine; and at the time of relapse, PD-L1 increased levels is common in AML. When 

looked at the blast cells from AML patients, it has been found that the expression of PD-L1 

differed from one patient to another. Oncogene PD-L1/CD274 expression in tumor sites has 

been identified as a potential biomarker of response to the treatment [37]. Age, stage and 

histotype had no effect on the prognosis of PD-L1/CD274 expression in lung cancer [38]. 

Cancer cells normally express PD-L1, which suppresses PD-1-positive T-cell function, 

thereby enhancing the effectiveness of chemotherapy [39].  Recently, Tamura et al. [40] 

found that interleukin-6-induced PD-L1 expression was found on myeloma cells, which is 

another mediator of inflammation. As AML developes, higher PD-1 expression on blast cells, 

which results in stronger immune suppression could contribute to the disease progression 

[41]. In most cases, PD-L1 expression on animal AML blast cells is inconclusive. AML de 

novo cases expressing PD-L1 were found in less than half of the cases studied by Tamura et 

al. [40], while Kozako et al. [42] found PD-L1 expression in far more and over half of the 

cases studied. Patients with French-American-British (FAB) M5 type AML; the studied PD-

L1 expression on bone marrow cases found to be increased as the disease progressed [43]. 

PD-L1 was also found to be limited upon AML prognosis but managed to improve on such 

relapses in another study. According to Berthon et al., PD-L1 expression on AML blast cells 

is controlled at diagnosis, but increases dramatically as the disease progresses or after 

systemic chemotherapy [44]. 

According to the previous studies, CD274 inhibits the antitumor effect of immune cells, 

including such cytotoxic T cells. In a murine form of chronic lymphoblastic leukemia, CD274 

preventing antibodies have been shown to decrease tumor size and restore cytotoxic effects of 

CD8+ T cells [45]. In the same way, other studies have shown that anti-CD274 antibodies can 

extend the life of mouse model with acute myeloid leukemia [46][23]. It has also been noted 

that CD274 stimulates leukemogenesis by sustaining Cyclin D2 levels. Further research is 

needed regarding how CD274 regulates Cyclin D2. Breast cancers can benefit from 

doxorubicin ability to suppress the expression of CD274 on cell membranes and enhance its 

nucleus translocator [47]. CD274 overexpression stimulates pancreatic tumor cell 

proliferation by restricting many cell cycle-related genetic traits and the JNK phosphorylation 

method [48].  

Cancerous cells and T cells which reduce the activity of CD4+ and CD8+ T cells, made 

contact with each other through the immune-suppressive PD-L1 / PD1 interaction [49]. While 

CD274 (PDL-1) expression by tumor tissue has been linked to the presence of cancer-

infiltrating lymphocytes, which could have been elaborated in a better immune-therapy 

stimulated outcome [50][51]. Although CD274 (PDL-1) is highly expressed in cell lines, it 

can be induced by a variety of stimuli [52]. It is believed that PD-L1/CD274 expression is 

increased in cancer microhabitats by macrophages, dendritic (DC), myeloid-derived repressor 

(MDSCs), regulatory T cells and endothelium. It is a well-known fact that the cancer cells 

often express CD274 (PD-L1), which causes them to repress the immunologic system ability 

to detect and eliminate them [39]. Antigen presenting cells with CD274 (PDL-1), a co-

inhibitory receptor-ligand pair whose primary function is to minimize counterparty tissue 

damage through which a host immune system might help tumors escape. 

Acute myeloid leukemia (AML) has an increased expression of CD47 on blast cells. 

Consequently, CD47 expression on human AML cell populations and their normal 

counterparts should be further investigated. CD47 was found to be highly expressed on 

multiple samples of AML blast cells utilizing flow cytometry. Cells with high levels of CD47 

(PDL-1) expression were also included in this group, as were the cells from LSC-enriched 

portion [53]. Immune escape promoter/checkpoint receptor CD47 is overexpressed in cancer 

cells, making it a prime candidate for immunotherapeutic interference. Another aspect is the 
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fact that CD47 is unified self-marker found on normal healthy tissue that regulates 

programmed cell discharge via homeostasis. As a result, CD47 is involved in a variety of 

physiological processes, including cardiovascular homeostatic regulation, neuronal 

development, bone remodeling and adaptive natural immune response as well as stem cell 

regeneration, adhesion, cell motility, proliferative processes and survival [54]. 

As a prognostic indicator for AML, CD47 has been studied extensively [53], but these studies 

have focused on cytometry analysis, even though targeting CD47 is a particular effort 

pathway and may also have broad applicability with a range of cancers [55]. The gene 

expression data from a previously described investigation of 285 AML patients was analyzed 

in order to determine CD47 expression throughout morphologic, cytogenetic and molecular 

specimens of AML [56]. CD47 was found to be highly expressed in all of the study's 

categories at similar levels. According to Majeti et al., CD47 was overexpressed on AML 

LSC as compared to normal samples in three independent studies of adult patients with AML 

[57]. According to a previous research, anti-CD47 antibodies attacking leukemia cell lines 

directly induce apoptosis. It has also been shown that treating human B-CLL cells with anti-

CD47 antibodies promotes caspase independent cell death [58]. 

CD47 overexpression has been implicated in the pathogenesis of human AML and was 

predicted to be associated with poorer medical outcomes in a prior study [59]. A previous 

research of a group of 285 AML patients with different cytogenetic and molecular 

deficiencies [56] confirmed this hypothesis, showing a significantly higher risk of death in the 

elevated CD47 expression patients when patients were dichotomized into higher and lower 

CD47 expression groups. There is a link between overall survival and CD47 expression in a 

second paper of 242 patients [60] with usual karyotypes (NK-AML). A study by Galli et al. 

[61] found that CD47 staining on marrow leukemia cell populations was semi-quantitatively 

documented and was related to parameters and renowned elements in AML. There is a strong 

correlation between CD47 expression and BM blast cell penetration, as well as peripheral 

blood blasts. CD47 gene expression and overall survival were inversely correlated, with 

higher expression being associated with lower overall survival. Using leukemic stem cells, it 

the same results were found by Jaiswal et al., [53] and Majeti et al., [59] CD47 expression 

was reported to be linked with a poor outcome in AML patients [62]. 

An increase throughout CD47 expression was found to be an independent predictor of AML 

in two studies conducted on adults with AML. Cells with AML leukemia were phagocytosed 

by monoclonal antibodies against CD47 in vitro, which inhibited their growth in mouse 

models [53][59]. Aside from that, it is expressed by a variety of cell types in the carcinoma 

microenvironment and is crucial for malignancy metastasis establishment. CD47 

overexpression is frequently linked to poor health outcomes. To verify its safety and 

effectiveness in healing hematological neoplasms, CD47 is currently being researched in 

many preclinical models as well as clinical trials. AML different types of cells and 

pathophysiological conditions influence CD47 expression levels. All healthy cells express a 

low level of CD47 under normal conditions. While stem cells and novel red blood cells 

migrate, they express higher levels of CD47 to avoid being attacked by macrophages [53][63]. 

So many cancer cells are also known to express CD47 on their surface in order to evade 

phagocytosis by macrophages [64]. 

It has been found that AML had significantly greater MMP-2 levels. MMP-2 in MDS and 

AML, MMP-9 in AML-M4 and TIMP-1 in AML-M3 showed similar results. As a result, this 

data suggests that levels of gelatinase increased as the disease progressed. Lin et al. found that 

MMP-2 levels were higher in BM donors than in healthy controls [65]. Previously, a number 

of researches had found evidence that the MMP-2 excreted by blast cells is correlated with 

leukemic dissemination[66]. When compared with a control group, Travaglino et al. found 

that MMP-2 levels were significantly higher among MDS patients. There is a possibility that 
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MMP expression in MDS may be a useful diagnostic and prognostic tool as well as an active 

target in treatment options [67]. 

MMP-2 enzyme secretion from BM-MNC has indeed been observed in patients with myeloid 

leukemia as well as pre-leukemia, but not in normal persons, according to the research. AML 

patients with 92 percent blasts in the bone marrow had cell sections that contained just about 

exclusively leukemic blasts upon extra enhancement with Ficoll purification because of the 

increased levels of MMP-2 in these samples, it is highly likely that both enzymes have been 

produced by leukemic blast cells. Findings on AML blasts found in peripheral blood of AML 

patients support that MMP-2 is continuously secreted by these cells [68].  

Since MMP was identified in all AML cases from FAB M1 to M5, it appears that MMP 

production and leak from AML patients' bone marrow blast cells occurred independently of 

leukemic cellular differentiation grade. HL60, NB4, U937 and THP-1, which are all known to 

release MMP, completely confirm this [69]. As a result, the ability of AML blast cells to 

produce MMP-2 continuously in vivo may depend on cell differentiation, because this enzyme 

was not detected in three cases of AML types M1 and M2 but was present in cases of AML-

M2–M5. MMP-2 production has been reported to occur only in fully developed macrophages 

and T-lymphocytes in response to immunological stimuli, with neutrophil granulocytes unable 

to synthesize this enzyme [70].  

In regular leukocyte function, MMP enzymes play a significant role in degrading collagen IV, 

the main part of the basal lamina in tissues, which is almost always associated with the 

internal migration and degenerative changes of extracellular matrix (ECM) formations in 

tissue and blood vessels [71]. According to a research conducted on interleukin-8-induced 

rhesus monkeys, the participation of the MMP enzyme in haemopoietic primogenitor cell 

transmission from bone marrow to peripheral blood has been demonstrated [72]. 

Consequently, it is possible that the premature formation of gelatinases in leukemia cell lines 

elaborated in their propagation in the marrow. 71 percent of AML patients with MMP-2-

positive cell lines in their bone marrow often have leukemic blast cells in their peripheral 

blood, according to Ries and coworkers [73]. Another 52 percent of patients had MMP-2-

negative blasts, albeit at a lower number. It is possible that MMP-2 is generated by the blast 

cells, but most of the MMP-2 negative patients have CML or MDS, which have low blast 

numbers in the bone marrow and therefore produce too little MMP-2 for zymographic 

recognizing but enough for that to join circulation. When leukemic blast cells separated from 

de novo AML patients were cultured in primary culture, Matsuzaki and Janowska-Wieczorek 

(78) found that MMP-2 and MMP-9 were constitutively produced. Ries et al findings on 

AML blast cells from bone marrow support this outcome [73]. In an in vitro study using 

reconstructed basal membrane as an immigration boundary, the researchers found that 

metalloproteinase enzyme inhibitors reduced cellular insensitivity, suggesting that these 

enzymes may be participating in leukemic cell invasion. Gelatinase (MMP) has been found to 

have some atypical substrates in addition to its ability to degrade matrix. Metalloproteases, for 

example, release active tumor necrosis factor (TNF) from its developments formula and 

remove the Fas ligand from surface of the cell of leukemia [74]. It is also possible that the 

bone marrow transformation of regulatory proteins could influence the growth of 

hematopoietic cells [73].  

In the absence of activation, MMP enzymes are produced and released as dormant zymogens 

[75]. BM-MNC conditioned media often contain additional gelatinase (MMP), which is most 

likely an activated form of MMPs, because MMP activation is based on proteolytic 

concatenation that results in a decrease in molecular mass. This activity exact mechanism is 

still unknown. In order for MMPs to remain active outside of the cell, they must maintain a 

delicate balance between their powerful enzyme and their specific inhibitor. Previously, 

MMP-2 was found to be a marker of malignant transformation in AML patients with 
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prospective prognostic significance for CML and MDS [73]. There is evidence that leukemic 

blast cells reveal MMP enzymes in a manner similar to how tumor cells invade and 

metamorphose. Solid tumor diffusion can be improved by targeting MMP enzymes [76]. A 

number of cancer models have shown that synthetic MMP enzyme inhibitors, such as with the 

MMP inhibitors Batimastat and Marimastat, are efficient [77]. Ultimately, in a previous study, 

Jumaah et al concluded that patients with AML clearly suffer from disorders and defects in 

liver and kidney functions, and some other blood variables, and that there were negative 

effects on the ALT, AST, ALP as well as the levels of EPO and LDH in the serum of AML 

patients [78]. 

Conclusion  
This research found a link between CD47 and CD274 expression on AML blasts in the 

peripheral blood and patient outcome, as evaluated by flow cytometry. Flow cytometry may 

be a clinically effective, rapid and effective method for assisting in the diagnosis of AML 

patients, as well as assessing treatment progress and predicting prognosis. Furthermore, CD47 

and CD274 have proven to be feasible, dependable and simple way to investigate as a 

potential indicator in AML prognosis and survival (OS). Elevated MMP-2 levels were 

observed in blood of AML patients. However, these levels did not associate with any clinic-

pathological parameters of patients. 

Acknowledgements 

Special thanks to the costly patients, as well as to everyone who contributed to the completion 

of this project.  

 

References 
[1] J. Saultz and R. Garzon, “Acute Myeloid Leukemia: A Concise Review,” J. Clin. Med., vol. 5, 

no. 3, p. 33, 2016, doi: 10.3390/jcm5030033. 

[2] M. Luppi, F. Fabbiano, G. Visani, G. Martinelli, and A. Venditti, “Novel agents for acute myeloid 

leukemia,” Cancers (Basel)., vol. 10, no. 11, 2018, doi: 10.3390/cancers10110429. 

[3] B. Johansson and C. J. Harrison, “Acute Myeloid Leukemia,” Cancer Cytogenet., pp. 45–139, 

2010, doi: 10.1002/9781118010136.ch5. 

[4] R. H. Al Nakeeb and D. Al- Rubaye, “The expression of different micrornas in iraqi patients with 

childhood acute leukemia and their association to C/EBP-Β serum level,” Iraqi J. Sci., vol. 61, 

no. 11, pp. 2879–2887, 2020, doi: 10.24996/ijs.2020.61.11.11. 

[5] R. M. Teague and J. Kline, “Immune evasion in acute myeloid leukemia: Current concepts and 

future directions,” J. Immunother. Cancer, vol. 1, pp. 1–11, 2013, doi: 10.1186/2051-1426-1-13. 

[6] M. Wang et al., “CD8+ T cells expressing both PD-1 and TIGIT but not CD226 are dysfunctional 

in acute myeloid leukemia (AML) patients,” Clin. Immunol., vol. 190, pp. 64–73, 2018, doi: 

10.1016/j.clim.2017.08.021. 

[7] P. H. Pandya, M. E. Murray, K. E. Pollok, and J. L. Renbarger, “The Immune System in Cancer 

Pathogenesis: Potential Therapeutic Approaches,” J. Immunol. Res., vol. 2016, 2016, doi: 

10.1155/2016/4273943. 

[8] D. Hanahan and R. A. Weinberg, “Hallmarks of cancer: The next generation,” Cell, vol. 144, no. 

5, pp. 646–674, 2011, doi: 10.1016/j.cell.2011.02.013. 

[9] V. Shankaran et al., “IFNγ, and lymphocytes prevent primary tumour development and shape 

tumour immunogenicity,” Nature, vol. 410, no. 6832, pp. 1107–1111, 2001, doi: 

10.1038/35074122. 

[10] G. P. Dunn, L. J. Old, and R. D. Schreiber, “The immunobiology of cancer immunosurveillance 

and immunoediting,” Immunity, vol. 21, no. 2, pp. 137–148, 2004, doi: 

10.1016/j.immuni.2004.07.017. 

[11] R. D. Schreiber, L. J. Old, and M. J. Smyth, “Cancer immunoediting: Integrating immunity‟s 

roles in cancer suppression and promotion,” Science (80-. )., vol. 331, no. 6024, pp. 1565–1570, 

2011, doi: 10.1126/science.1203486. 

[12] G. P. Dunn, C. M. Koebel, and R. D. Schreiber, “Interferons, immunity and cancer 

immunoediting,” Nat. Rev. Immunol., vol. 6, no. 11, pp. 836–848, 2006, doi: 10.1038/nri1961. 



Hamad et al.                                           Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2373-2387 

2384 

[13] F. Mussai et al., “Acute myeloid leukemia creates an arginase-dependent immunosuppressive 

microenvironment,” Blood, vol. 122, no. 5, pp. 749–758, 2013, doi: 10.1182/blood-2013-01-

480129. 

[14] V. Folgiero et al., “Indoleamine 2,3-dioxygenase 1 (IDO1) activity in leukemia blasts correlates 

with poor outcome in childhood acute myeloid leukemia,” Oncotarget, vol. 5, no. 8, pp. 2052–

2064, 2014, doi: 10.18632/oncotarget.1504. 

[15] P. C. Rodriguez et al., “Arginase I in myeloid suppressor cells is induced by COX-2 in lung 

carcinoma,” J. Exp. Med., vol. 202, no. 7, pp. 931–939, 2005, doi: 10.1084/jem.20050715. 

[16] W. Zou, “Regulatory T cells, tumour immunity and immunotherapy,” Nat. Rev. Immunol., vol. 6, 

no. 4, pp. 295–307, 2006, doi: 10.1038/nri1806. 

[17] D. I. Gabrilovich and S. Nagaraj, “Myeloid-derived suppressor cells as regulators of the immune 

system,” Nat. Rev. Immunol., vol. 9, no. 3, pp. 162–174, 2009, doi: 10.1038/nri2506. 

[18] K. Sakuishi, L. Apetoh, J. M. Sullivan, B. R. Blazar, V. K. Kuchroo, and A. C. Anderson, 

“Targeting Tim-3 and PD-1 pathways to reverse T cell exhaustion and restore anti-tumor 

immunity,” J. Exp. Med., vol. 207, no. 10, pp. 2187–2194, 2010, doi: 10.1084/jem.20100643. 

[19] H. Sun et al., “Increase in myeloid-derived suppressor cells (MDSCs) associated with minimal 

residual disease (MRD) detection in adult acute myeloid leukemia,” Int. J. Hematol., vol. 102, no. 

5, pp. 579–586, 2015, doi: 10.1007/s12185-015-1865-2. 

[20] T. Nuebling et al., “The Immune Checkpoint Modulator OX40 and Its Ligand OX40L in NK-Cell 

Immunosurveillance and Acute Myeloid Leukemia,” Cancer Immunol. Res., vol. 6, no. 2, pp. 

209–221, 2018, doi: 10.1158/2326-6066.CIR-17-0212. 

[21] E. K. Curran, J. Godfrey, and J. Kline, “Mechanisms of Immune Tolerance in Leukemia and 

Lymphoma,” Trends Immunol., vol. 38, no. 7, pp. 513–525, 2017, doi: 10.1016/j.it.2017.04.004. 

[22] P. van Galen et al., “Single-Cell RNA-Seq Reveals AML Hierarchies Relevant to Disease 

Progression and Immunity,” Cell, vol. 176, no. 6, pp. 1265-1281.e24, 2019, doi: 

10.1016/j.cell.2019.01.031. 

[23] L. Zhang, T. F. Gajewski, and J. Kline, “PD-1/PD-L1 interactions inhibit antitumor immune 

responses in a murine acute myeloid leukemia model,” Blood, vol. 114, no. 8, pp. 1545–1552, 

2009, doi: 10.1182/blood-2009-03-206672. 

[24] K. L. Davis, A. M. Agarwal, and A. R. Verma, “Checkpoint inhibition in pediatric hematologic 

malignancies,” Pediatr. Hematol. Oncol., vol. 34, no. 6–7, pp. 379–394, 2017, doi: 

10.1080/08880018.2017.1383542. 

[25] P. Boddu, H. Kantarjian, G. Garcia-Manero, J. Allison, P. Sharma, and N. Daver, “The emerging 

role of immune checkpoint based approaches in AML and MDS,” Leuk. Lymphoma, vol. 59, no. 

4, pp. 790–802, 2018, doi: 10.1080/10428194.2017.1344905. 

[26] R. Austin, M. J. Smyth, and S. W. Lane, “Harnessing the immune system in acute myeloid 

leukaemia,” Crit. Rev. Oncol. Hematol., vol. 103, pp. 62–77, 2016, doi: 

10.1016/j.critrevonc.2016.04.020. 

[27] A. Bortoluci et al., “Adult precursor B-ALL with BCR/ABL gene rearrangements displays a 

unique immunophenotype based on the pattern of CD10, CD34, CD13 and CD38 expression,” 

Leukemia, vol. 15, no. July 2000, pp. 406–414, 2001. 

[28] H. Krönig et al., “Interferon-induced programmed death-ligand 1 (PD-L1/B7-H1) expression 

increases on human acute myeloid leukemia blast cells during treatment,” Eur. J. Haematol., vol. 

92, no. 3, pp. 195–203, 2014, doi: 10.1111/ejh.12228. 

[29] H. Kantarjian et al., “Therapeutic advances in leukemia and myelodysplastic syndrome over the 

past 40 years,” Cancer, vol. 113, no. 7, pp. 1933–1952, 2008, doi: 10.1002/cncr.23655. 

[30] C. Blank and A. Mackensen, “Contribution of the PD-L1/PD-1 pathway to T-cell exhaustion: An 

update on implications for chronic infections and tumor evasion,” Cancer Immunol. Immunother., 

vol. 56, no. 5, pp. 739–745, 2007, doi: 10.1007/s00262-006-0272-1. 

[31] A. T. Parsa et al., “Loss of tumor suppressor PTEN function increases B7-H1 expression and 

immunoresistance in glioma,” Nat. Med., vol. 13, no. 1, pp. 84–88, 2007, doi: 10.1038/nm1517. 

[32] S. J. Han et al., “Gamma interferon-mediated superinduction of B7-H1 in PTEN-deficient 

glioblastoma: A paradoxical mechanism of immune evasion,” Neuroreport, vol. 20, no. 18, pp. 

1597–1602, 2009, doi: 10.1097/WNR.0b013e32833188f7. 

[33] D. Damotte et al., “The tumor inflammation signature (TIS) is associated with anti-PD-1 



Hamad et al.                                           Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2373-2387 

2385 

treatment benefit in the CERTIM pan-cancer cohort,” J. Transl. Med., vol. 17, no. 1, pp. 1–10, 

2019, doi: 10.1186/s12967-019-2100-3. 

[34] H. J. Kwon, J. M. Yang, J. O. Lee, J. S. Lee, and J. H. Paik, “Clinicopathologic implication of 

PD-L1 and phosphorylated STAT3 expression in diffuse large B cell lymphoma,” J. Transl. 

Med., vol. 16, no. 1, 2018, doi: 10.1186/s12967-018-1689-y. 

[35] J. C. Albring et al., “PD-1 checkpoint blockade in patients with relapsed AML after allogeneic 

stem cell transplantation,” Bone Marrow Transplant., vol. 52, no. 2, pp. 317–320, 2017, doi: 

10.1038/bmt.2016.274. 

[36] H. Yang et al., “Expression of PD-L1, PD-L2, PD-1 and CTLA4 in myelodysplastic syndromes is 

enhanced by treatment with hypomethylating agents,” Leukemia, vol. 28, no. 6, pp. 1280–1288, 

2014, doi: 10.1038/leu.2013.355. 

[37] M. Mandai, J. Hamanishi, K. Abiko, N. Matsumura, T. Baba, and I. Konishi, “Dual faces of ifnγ 

in cancer progression: A role of pd-l1 induction in the determination of proand antitumor 

immunity,” Clin. Cancer Res., vol. 22, no. 10, pp. 2329–2334, 2016, doi: 10.1158/1078-

0432.CCR-16-0224. 

[38] G. P. Hartley, L. Chow, D. T. Ammons, W. H. Wheat, and S. W. Dow, “Programmedcell death 

ligand 1 (PD-L1) signaling regulates macrophage proliferation and activation,” Cancer Immunol. 

Res., vol. 6, no. 10, pp. 1260–1273, 2018, doi: 10.1158/2326-6066.CIR-17-0537. 

[39] A. O. Kamphorst et al., “Rescue of exhausted CD8 T cells by PD-1-targeted therapies is CD28-

dependent,” Science (80-. )., vol. 355, no. 6332, pp. 1423–1427, 2017, doi: 

10.1126/science.aaf0683. 

[40] H. Tamura et al., “Expression of functional B7-H2 and B7.2 costimulatory molecules and their 

prognostic implications in de novo acute myeloid leukemia,” Clin. Cancer Res., vol. 11, no. 16, 

pp. 5708–5717, 2005, doi: 10.1158/1078-0432.CCR-04-2672. 

[41] K. Giannopoulos, “Targeting Immune Signaling Checkpoints in Acute Myeloid Leukemia,” J. 

Clin. Med., vol. 8, no. 2, p. 236, 2019, doi: 10.3390/jcm8020236. 

[42] T. Kozako et al., “PD-1/PD-L1 expression in human T-cell leukemia virus type 1 carriers and 

adult T-cell leukemia/lymphoma patients,” Leukemia, vol. 23, no. 2, pp. 375–382, 2009, doi: 

10.1038/leu.2008.272. 

[43] X. Chen, S. Liu, L. Wang, W. Zhang, Y. Ji, and X. Ma, “Clinical significance of B7-H1 (PD-L1) 

expression in human acute leukemia,” Cancer Biol. Ther., vol. 7, no. 5, pp. 622–627, 2008, doi: 

10.4161/cbt.7.5.5689. 

[44] C. Berthon et al., “In acute myeloid leukemia, B7-H1 (PD-L1) protection of blasts from cytotoxic 

T cells is induced by TLR ligands and interferon-gamma and can be reversed using MEK 

inhibitors,” Cancer Immunol. Immunother., vol. 59, no. 12, pp. 1839–1849, 2010, doi: 

10.1007/s00262-010-0909-y. 

[45] F. McClanahan et al., “PD-L1 checkpoint blockade prevents immune dysfunction and leukemia 

development in a mouse model of chronic lymphocytic leukemia,” Blood, vol. 126, no. 2, pp. 

203–211, 2015, doi: 10.1182/blood-2015-01-622936. 

[46] S. Ostrand-Rosenberg, L. A. Horn, and S. T. Haile, “The Programmed Death-1 Immune-

Suppressive Pathway: Barrier to Antitumor Immunity,” J. Immunol., vol. 193, no. 8, pp. 3835–

3841, 2014, doi: 10.4049/jimmunol.1401572. 

[47] H. Ghebeh et al., “Doxorubicin downregulates cell surface B7-H1 expression and upregulates its 

nuclear expression in breast cancer cells: Role of B7-H1 as an anti-apoptotic molecule,” Breast 

Cancer Res., vol. 12, no. 4, 2010, doi: 10.1186/bcr2605. 

[48] X. Song, J. Liu, Y. Lu, H. Jin, and D. Huang, “Overexpression of B7-H1 correlates with 

malignant cell proliferation in pancreatic cancer,” Oncol. Rep., vol. 31, no. 3, pp. 1191–1198, 

2014, doi: 10.3892/or.2013.2955. 

[49] L. Chen and X. Han, “Anti-PD-1/PD-L1 therapy of human cancer: Past, present, and future,” J. 

Clin. Invest., vol. 125, no. 9, pp. 3384–3391, 2015, doi: 10.1172/JCI80011. 

[50] X. L. R. Iraolagoitia et al., “ NK Cells Restrain Spontaneous Antitumor CD8 + T Cell Priming 

through PD-1/PD-L1 Interactions with Dendritic Cells ,” J. Immunol., vol. 197, no. 3, pp. 953–

961, 2016, doi: 10.4049/jimmunol.1502291. 

[51] Y. E. Latchman et al., “PD-L1-deficient mice show that PD-L1 on T cells, antigen-presenting 

cells, and host tissues negatively regulates T cells,” Proc. Natl. Acad. Sci. U. S. A., vol. 101, no. 



Hamad et al.                                           Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2373-2387 

2386 

29, pp. 10691–10696, 2004, doi: 10.1073/pnas.0307252101. 

[52] M. Terme et al., “Cancer-induced immunosuppression: IL-18-elicited immunoablative NK cells,” 

Cancer Res., vol. 72, no. 11, pp. 2757–2767, 2012, doi: 10.1158/0008-5472.CAN-11-3379. 

[53] S. Jaiswal et al., “CD47 Is Upregulated on Circulating Hematopoietic Stem Cells and Leukemia 

Cells to Avoid Phagocytosis,” Cell, vol. 138, no. 2, pp. 271–285, 2009, doi: 

10.1016/j.cell.2009.05.046. 

[54] I. Mouro-Chanteloup et al., “Evidence that the red cell skeleton protein 4.2 interacts with the Rh 

membrane complex member CD47,” Blood, vol. 101, no. 1, pp. 338–344, 2003, doi: 

10.1182/blood-2002-04-1285. 

[55] E. C. Pietsch et al., “Anti-leukemic activity and tolerability of anti-human CD47 monoclonal 

antibodies,” Blood Cancer J., vol. 7, no. 2, pp. e536-8, 2017, doi: 10.1038/bcj.2017.7. 

[56] P. J. M. Valk et al., “Prognostically Useful Gene-Expression Profiles in Acute Myeloid 

Leukemia,” N. Engl. J. Med., vol. 350, no. 16, pp. 1617–1628, 2004, doi: 10.1056/nejmoa040465. 

[57] R. Majeti et al., “Dysregulated gene expression networks in human acute myelogenous leukemia 

stem cells,” Proc. Natl. Acad. Sci. U. S. A., vol. 106, no. 9, pp. 3396–3401, 2009, doi: 

10.1073/pnas.0900089106. 

[58] S. Uno et al., “Antitumor activity of a monoclonal antibody against CD47 in xenograft models of 

human leukemia,” Oncol. Rep., vol. 17, no. 5, pp. 1189–1194, 2007, doi: 10.3892/or.17.5.1189. 

[59] R. Majeti et al., “CD47 Is an Adverse Prognostic Factor and Therapeutic Antibody Target on 

Human Acute Myeloid Leukemia Stem Cells,” Cell, vol. 138, no. 2, pp. 286–299, 2009, doi: 

10.1016/j.cell.2009.05.045. 

[60] K. H. Metzeler et al., “An 86-probe-set gene-expression signature predicts survival in 

cytogenetically normal acute myeloid leukemia,” Blood, vol. 112, no. 10, pp. 4193–4201, 2008, 

doi: 10.1182/blood-2008-02-134411. 

[61] S. Galli, I. Zlobec, C. Schürch, A. Perren, A. F. Ochsenbein, and Y. Banz, “CD47 protein 

expression in acute myeloid leukemia: A tissue microarray-based analysis,” Leuk. Res., vol. 39, 

no. 7, pp. 749–756, 2015, doi: 10.1016/j.leukres.2015.04.007. 

[62] R. K. Tsai and D. E. Discher, “Inhibition of „self‟ engulfment through deactivation of myosin-II 

at the phagocytic synapse between human cells,” J. Cell Biol., vol. 180, no. 5, pp. 989–1003, 

2008, doi: 10.1083/jcb.200708043. 

[63] L. Liu et al., “Anti-CD47 antibody as a targeted therapeutic agent for human lung cancer and 

cancer stem cells,” Front. Immunol., vol. 8, no. APR, pp. 1–17, 2017, doi: 

10.3389/fimmu.2017.00404. 

[64] S. Lian, X. Xie, Y. Lu, and L. Jia, “Checkpoint CD47 function on tumor metastasis and immune 

therapy,” Onco. Targets. Ther., vol. 12, pp. 9105–9114, 2019, doi: 10.2147/OTT.S220196. 

[65] L. I. Lin, D. T. Lin, C. J. Chang, C. Y. Lee, J. L. Tang, and H. F. Tien, “Marrow matrix 

metalloproteinases (MMPS) and tissue inhibitors of MMP in acute leukaemia: Potential role of 

MMP-9 as a surrogate marker to monitor leukaemic status in patients with acute myelogenous 

leukaemia,” Br. J. Haematol., vol. 117, no. 4, pp. 835–841, 2002, doi: 10.1046/j.1365-

2141.2002.03510.x. 

[66] H. Frankowski, Y. H. Gu, J. H. Heo, R. Milner, and G. J. Del Zoppo, “Use of Gel Zymography to 

Examine Matrix Metalloproteinase (Gelatinase) Expression in Brain Tissue or in Primary Glial 

Cultures,” Methods Mol. Biol., vol. 814, no. 1, pp. 221–233, 2012, doi: 10.1007/978-1-61779-

452-0_15. 

[67] E. Travaglino et al., “Biological and clinical relevance of matrix metalloproteinases 2 and 9 in 

acute myeloid leukaemias and myelodysplastic syndromes,” Eur. J. Haematol., vol. 80, no. 3, pp. 

216–226, 2008, doi: 10.1111/j.1600-0609.2007.01012.x. 

[68] A. K. Chaudhary, S. Chaudhary, K. Ghosh, C. Shanmukaiah, and A. H. Nadkarni, “Secretion and 

expression of matrix metalloproteinase-2 and 9 from bone marrow mononuclear cells in 

myelodysplastic syndrome and acute myeloid leukemia,” Asian Pacific J. Cancer Prev., vol. 17, 

no. 3, pp. 1519–1529, 2016, doi: 10.7314/APJCP.2016.17.3.1519. 

[69] M. G. Ismair, C. Ries, F. Lottspeich, C. Zang, H. J. Kolb, and P. E. Petrides, “Autocrine 

regulation of matrix metalloproteinase-9 gene expression and secretion by tumor necrosis factor-α 

(TNF-α) in NB4 leukemic cells: Specific involvement of TNF receptor type 1,” Leukemia, vol. 

12, no. 7, pp. 1136–1143, 1998, doi: 10.1038/sj.leu.2401042. 



Hamad et al.                                           Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2373-2387 

2387 

[70] V. Witko-Sarsat, P. Rieu, B. Descamps-Latscha, P. Lesavre, and L. Halbwachs-Mecarelli, 

“Neutrophils: Molecules, functions and pathophysiological aspects,” Lab. Investig., vol. 80, no. 5, 

pp. 617–654, 2000, doi: 10.1038/labinvest.3780067. 

[71] A. Page-McCaw, A. J. Ewald, and Z. Werb, “Matrix metalloproteinases and the regulation of 

tissue remodelling,” Nat. Rev. Mol. Cell Biol., vol. 8, no. 3, pp. 221–233, 2007, doi: 

10.1038/nrm2125. 

[72] J. F. M. Pruijt et al., “Prevention of interleukin-8-induced mobilization of hematopoietic 

progenitor cells in rhesus monkeys by inhibitory antibodies against the metalloproteinase 

gelatinase B (MMP-9),” Proc. Natl. Acad. Sci. U. S. A., vol. 96, no. 19, pp. 10863–10868, 1999, 

doi: 10.1073/pnas.96.19.10863. 

[73] C. Ries, F. Loher, C. Zang, M. G. Ismair, and P. E. Petrides, “Matrix metalloproteinase 

production by bone marrow mononuclear cells from normal individuals and patients with acute 

and chronic myeloid leukemia or myelodysplastic syndromes,” Clin. Cancer Res., vol. 5, no. 5, 

pp. 1115–1124, 1999. 

[74] N. Kayagaki and H. Yagita, “Metalloproteinase-mediated release of human fas ligand,” Nippon 

rinsho. Japanese J. Clin. Med., vol. 54, no. 7, pp. 1747–1752, 1996. 

[75] S. Löffek, O. Schilling, and C. W. Franzke, “Series „matrix metalloproteinases in lung health and 

disease‟ edited by J. Müller-Quernheim and O. Eickelberg number 1 in this series: Biological role 

of matrix metalloproteinases: A critical balance,” Eur. Respir. J., vol. 38, no. 1, pp. 191–208, 

2011, doi: 10.1183/09031936.00146510. 

[76] E. C. Kohn and L. A. Liotta, “Molecular Insights into Cancer Invasion: Strategies for Prevention 

and Intervention,” Cancer Res., vol. 55, no. 9, pp. 1856–1862, 1995. 

[77] P. D. Brown and R. Giavazzi, “Matrix metalloproteinase inhibition: A review of anti-tumour 

activity: Matrix metalloproteinase inhibition: A review of anti-tumour activity,” Ann. Oncol., vol. 

6, no. 10, pp. 967–974, 1995, doi: 10.1093/oxfordjournals.annonc.a059091. 

[78] H. M. Jumaah, J. H. Yenzeel, and M. G. Mehdi, “Evaluation of some biochemical parameters and 

hormones in patients with acute myeloid leukemia in Iraq,” Iraqi J. Sci., vol. 62, no. 5, pp. 1460–

1466, 2021, doi: 10.24996/ijs.2021.62.5.9. 

 


