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miRNA-181a and miRNA-128 expression levels as a 

predictive marker for response in treating Acute 

Lymphoblastic Leukemia   
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ackground: The genesis of Acute Lymphoblastic Leukemia (ALL) has been established to involve the 

workings of certain microRNAs (miRNAs), such as miR-181a and miR-128. As such, science research 

has been exploring their potential as biological markers for various therapeutic uses, such as disease 

detection, relapse likelihood prediction, and monitoring of patient treatment response. Moreover, identifying 

additional miRNA biomarkers can also enable scientists to develop new treatment approaches in their 

entirety. 

Methods: This study examined 100 participants, including 70 ALL patients—i.e., 40 in remission, 20 who 

relapsed, and 10 who were resistant—and 30 healthy controls. Researchers employed RT-qPCR to identify and 

quantify expressions of miR-181a and miR-128 in blood samples and statistically compared expressions in all 

these groups. 

Results: The expression analysis revealed significant differences between the study groups for both miRNA-

181a and miRNA-128 (p < 0.001). The highest peak level of expression was noted in the relapse group in 

comparison to the response, resistant, and control participants. Furthermore, in relapse, response, and 

resistant groups, there was significantly elevated expression (p < 0.05), and control levels were lowest of all (p 

< 0.05). 

Conclusion: Quantitation of expression levels of miR-181a and miR-128 holds great promise in predicting 

treatment response in ALL patients. More importantly, miR-181a shows promise as a specific and sensitive 

biomarker in predicting resistance and relapse in adult ALL patients.
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Introduction 

Acute Lymphoblastic Leukemia (ALL) originates as an 

uncontrollable disorder of cells as lymphoid 

progenitors (blasts) multiply uncontrollably to override 

normal maturation of blood cells. It becomes 

impossible to have therapeutic control over malignant 

B or T lymphoblasts due to their uncontrollable 

division, whereby immature abnormal lymphocytes and 

their progenitors substitute for elements in the bone 

marrow, affecting other lymphoid organs to establish 

an independent disease course [1-3]. Multiagent 

chemotherapy has improved treatment outcomes in 

ALL patients such that an estimated 90% of adult 

patients can achieve complete remission (CR). Early 

treatment response predictors play an important role in 

terms of guiding therapy, as relapse and drug resistance 

remain significant clinical problems [4,5]. MicroRNAs 

(miRNAs), small modulatory RNA molecules, have 

pivotal functions in regulating expressions of genes 

during normal hematopoiesis and leukemogenesis of 

hematopoietic cells. Transcript profiles of both miR-

181 and miR-128 have been validated as potential 

diagnostic as well as prognostic ALL biomarkers. These 

miRNAs are expressed at high levels in early B-cell 

phases during lymphocyte maturation and diminish in 

subsequent maturation phases. Notably, maximum 

miR-181 transcription occurred during double-positive 

T-cells, during which it represses essential targets 

including BCL-2, CD89, EGR1, and the T-cell receptor 

[6,7]. The two paralogs of miR-128, i.e., miR-128-1 and 

miR-128-2, have been part of establishing ALL 

pathological features. Key cell functions, including cell 

growth and division, programmed cell death, and cell 

commitment to fate, have been regulated strictly 

through miRNAs. Study outcomes revealed ALL 

patients could be differentiated clearly from normal 

healthy control individuals due to significantly 

different expressions of miR-128, as different 

expressions of this miRNA have been related to disease 

aggressiveness and treatment responses [8,9]. 

Additional evidence also revealed that miRNAs are 

good indicators to detect minimum residual disease to 

predict relapse and assist therapeutic choices based on 

this prediction. Studies also indicated functions of 

miR-181 and miR-128 in ALL drug sensitivity and 

resistance mechanisms through apoptotic-related and 

drug efflux genes regulations [10,11]. Additionally, 

these miRNAs have also been related to signal 

transduction cascades, including PI3K/AKT and TGF-β, 

showing their potential as biomarkers and targets for 

therapy. Knowledge of these specific molecular 

pathways is essential to have superior therapeutic 

options [12-14]. 

This study explores potential therapeutic response 

predictive biomarker applications of miR-181a and 

miR-128 expression profiles in adult ALL patients, 

owing to several roles assumed by these latter in 

treatment effectiveness and disease initiation. The 

results of this study can refine patient categorization 

procedures in use and offer potential new therapeutic 

strategy developments [15,16]. 

Methods 

The case-control study was conducted during January 

2021 to October 2022 at Hematology Center, Baghdad 

Teaching Hospital. The research included 70 Iraqi ALL 

patients and 30 healthy control participants, all in an 

age category of 14–72 years. Confirmation of diagnosis 

in patients was carried out based on different methods, 

i.e., medical history screening, physical checkup, 

peripheral blood smear, aspiration analysis of bone 

marrow, flow cytometry, and cytogenetic studies. All 

these diagnoses were strictly carried out in accordance 

with WHO 2016 classification guidelines. The 30 

healthy control participants, in an equivalent category 

(14–72 years), were also included as a control set. 

Ethical approval was taken from Iraqi Ministry of 

Health Ethics Committee, and informed written 

consent was also taken from all participants before 

enrollment.  

The study population was classified into three 

classes, and the first class included 40 ALL patients 

who achieved complete remission (CR) and continued 

under maintenance therapy. The second group 

included 30 patients, comprising 10 resistant cases and 

20 relapsed cases. The third group consisted of 30 

healthy volunteers who served as controls. 

Blood Sample collection and preservation, RNA 

preparation, and cDNA synthesis  

Quantitative analysis of miRNA-128 and miRNA-181a 

expression was performed using RT-qPCR, normalized 

against the U6 housekeeping gene. The analysis was 

conducted on whole blood samples (1 mL blood 

combined with 1 mL TRIzol reagent) collected from 

both patients and control subjects using Real-Time 

PCR methodology. 

Special primers exist for measuring microRNA 

expression quantities. Table 1 contains the sequences 

that demonstrate the use of RT primers during reverse 

transcription steps alongside forward and reverse PCR 

primers required for amplifying miR-181a-5p, miR-

128-3p, and U6 (snRNA). U6 (snRNA) operated as a 

built-in control reference for normalization purposes. 

This table presents abbreviations and sequences for 

Reverse Transcription and Forward and Reverse 

primers used in Polymerase Chain Reactions on Homo 
sapiens small nuclear RNA and Homo sapiens 

sequences. 
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Total RNA was extracted from whole blood samples 

using the TRIzol kit according to the manufacturer's  

Table 1: RT-qPCR primer sequences for miR-128, miR-181a, and 
U6 snRNA analysis. 

guidance. The RNA quality and concentration were 

measured by a spectrophotometer, which measured 

absorbance at 260/280 nm. After extraction, cDNA 

synthesis for miRNA-128 and miRNA-181a was 

conducted using the cDNA master mix. The qPCR 

master mix was prepared by using the GoTaq® qPCR 

Master Mix Promega kit, which was dependent on SYBR 

Green dye detection of gene amplification in the Real-

Time PCR system. 

Volume qPCR master mix 

5.0 µL miRNA cDNA template (20 ng) 

1.5 µL Forward primer (10 pmol) 

1.5 µL Reverse primer (10 pmol) 

10 µL qPCR master mix 

0.3 µL CXR 

1.7 µL Nuclease-free water 

20 µL Total 

Table 2: Components and volumes of qPCR reaction mixture for 
miRNA expression analysis. 
qPCR = quantitative Polymerase Chain Reaction, cDNA = 
complementary DNA, pmol = picomole, µL = microliter, CXR = 
carboxy-X-rhodamine (reference dye) 

Table 2 displays the composition of the qPCR master 

mix, which was utilized for miRNA expression 

quantification. The master mix composition for qPCR 

reactions included 20 µL of solutions containing 

specific concentrations of template cDNA, together 

with primers and other necessary constituents. 

The thermocycler protocol mentioned in Table 3 was 

Table 3: Thermocycler conditions for miRNA-181a amplification. 

used after loading the qPCR plate. 

Results 

Comparison of the levels of miRNA-128 and miRNA-

181a according to treatment response  

Laboratory analyses showed whole blood miRNA-128 

concentrations had statistically significant group 

discrepancies (p < 0.001), presenting systematic 

distribution patterns (Table 4). The relapse group 

possessed elevated miRNA-128 levels, with the 

response and resistant groups showing the second and 

third highest levels, while the control group 

demonstrated the lowest levels. The variance between 

the response group and resistant group was 

insignificant (p > 0.05), but the difference was 

significantly lower than that of the relapse group (p < 

0.05) and considerably elevated than the control group 

(p < 0.05).   

The research data pointed to meaningful variations in 

miRNA-181a expression across groups (p < 0.001) 

(Table 4). The relapse group had the highest miRNA-

181a levels, followed by the resistant and response 

groups, while the levels of the control group remained 

lower. The difference between the response group and 

resistant group was significant (p < 0.05), and the 

response group was significantly lower in value than 

that of the relapse group (p < 0.05) and significantly 

higher than that of the control group (p < 0.05). 

The results of Table 5 showed that the AUC value for 

miR-128 indicates poor to fair diagnostic ability, while 

for miR-181, the diagnostic ability is excellent. The 

cutoff value indicates the threshold above which 

samples were classified as positive for each microRNA. 

The 95% confidence interval (CI) value shows that 

results may be unreliable for miR-128, showing weak 

diagnostic performance, while results are reliable for 

miR-181, showing strong diagnostic performance of the 

microRNA. The p-value for miR-128 is not statistically 

significant, but it is highly significant for miR-181, 

showing that it is a real diagnostic marker. The 

accuracy showed that miR-128 showed modest 

diagnostic performance, while miR-181 showed high 

diagnostic performance. The high sensitivity and low 

specificity, along with broad AUC and wide CI value for 

miR-128, suggest that it is not a durable standalone 

biomarker. On the contrary, good sensitivity and 

specificity values, along with excellent AUC and narrow 

CI values, indicate that miR-181 is a strong and reliable 

diagnostic biomarker for ALL. 

Sequence primers 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC

ACTGGATACGACAAAGAG 

RT primer miR-128 miR-128-3p 

AACAGTGTCACAGTGAACCG F 

GTCGTATCCAGTGCAGGGT R 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC

ACTGGATACGACACTCAC 

RT primer miR-181a miR-181a-5p 

AACACGCAACATTCAACGCT F 

 CTCACCGACAGCGTTGAATGTT R 

CTCGCTTCGGCAGCACATAT  F U6 (snRNA) 

TTGCGTGTCATCCTTGCG R 

Repeat cycle Time Temperature qPCR step 

1 5 min 95 °C Initial Denaturation 

40 20 sec 95 °C Denaturation 

30 sec 56 °C Annealing/Extension 

1 15 sec 72 °C Final Extension 

0 Until manually 

stopped 

4 °C Hold 
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Discussion 

The present study showed that miRNA-128 expression 

profiles in the relapsed and resistant patients were 

significantly upregulated in these groups compared 

with the healthy control group, which is consistent 

with earlier studies. This differentially expressed 

pattern implies miR-128 may be used as a biomarker of 

ALL diagnosis confirmation, treatment response 

follow-up, and early relapse prediction [13,17,18]. A 

study by Yamada et al., [19] explained that oncogenic 

miRNA overexpression through altered methylation 

profiles was demonstrated in the case of miR-128. 

Specifically, augmented expression was caused by 

demethylation of the miR-128 promoter region. In vitro 

studies discovered that FADD gene expression was 

hindered by miR-128, which has a vital role in FAS-

mediated apoptosis. At the experimental level, the cell 

survival was encouraged by the overexpression of miR-

128 [19]. Previous studies found an association between 

miR-128 and the hypomethylation of CpG, which was 

found to be significant in leukemia pathogenesis 

[14,20]. Also, miR-128 could be significant in the 

regulation of PI3K-AKTmTOR signaling pathway 

through decreasing expression of PTEN [21]. On the 

contrary, previous studies showed a relationship 

between the miRNA-128 expression in malignant 

lymphopoiesis, which may be related to drug resistance 

mechanisms. Glucocorticoids (GCs) monotherapy 

induces apoptosis in lymphoid lineage cells and is 

therefore used in the therapy of acute lymphoblastic 

leukemia (ALL) and related malignancies. The 24-hour 

therapy resulted in significant downregulation of miR-

128-2 levels in children with ALL. The important part 

of glucocorticoids monotherapy is that adjusting miR-

128-2 states of expression could possibly further 

improve disease management and outcomes for 

patients. Overexpression of these miRNAs may play a 

role in ALL development, and they may be helpful as 

therapeutic targets. Several key pathways show that 

they might be a way to treat: miRNAs targeting the 

MYC genes, CDX2 transcription factors, and the XIST 

long non-coding RNA could be particularly important 

for B-ALL development. Furthermore, NOTCH1 is an 

important target because of the gain-of-function 

mutations leading to T-ALL, while NOTCH1 and 

NOTCH2 are involved in B-cell neoplasia. [22,23].  Also, 

results of the current study are well aligned with El 

Desoky et al., [7], and with Wallaert et al., [24], which 

reported overexpression of the closely related paralog 

miR-181b. Although miR-181a has been reported as a 

tumor suppressor in pediatric ALL, similar regulatory 

roles may apply in adult cases, consistent with the 

present study’s findings. It is implicated in ALL 

pathogenesis and used as a biomarker for diagnostics 

and relapse detection, whereas it is used for forecasting 

the fate response in induction therapy. Because GCs 

could induce apoptosis in lymphoid lineages, they are 

used as a curative measure for precancerous diseases, 

chronic lymphocytic leukemia, acute lymphocytic 

leukemia (ALL), and other cancerous diseases. The 

therapy for these blood cancers is almost entirely 

dependent upon GCs because they can induce 

apoptosis (programmed cell death) in lymphoid cells. 

The therapeutic validation of glucocorticoids in ALL 

and associated conditions mainly comes down to their 

ability to kill cells uniquely in the lineage of lymphoid 

cells, which makes them essential in the treatment 

protocol [25]. High levels of miR-128 and miR-181 were 

Characteristic Control 

n = 30 

Response 

n = 40 

Relapse 

n = 20 

Resistant 

n = 10 

p 

miRNA-128 

Median (IQR) 1.59 (1.16) C 3.18 (2.73) B 6.12 (16.32) A 2.92 (7.87) B < 0.001 K*** 

Range 0.06 -2.75 0.02 -5.77 0.15 -34.73 0.24 -50.84 

miRNA-181a 

Median (IQR) 1.60 (2.50) C 3.30 (3.21) B 7.19 (6.65) A 6.87 (6.31) A < 0.001 K*** 

Range 0.01 -3.7 0.01 -6.66 1.72 -29.97 0.01 -15.73 

Table 4: Expression levels of miRNA-128 and miRNA-181a across different patient groups. 

IQR: Inter-quartile range, n: number of cases. Capital letters (A, B, C) were employed to demonstrate the significance level 

determined by the post hoc Dunn’s multiple comparison test. Similar letters indicated no significant difference, whereas different 

letters indicated significant differences. K: Kruskal-Wallis test. 

Characteristic miR-128 miR-181 

Cutoff ≤5.77 ≤5.08 

AUC 0.64 0.858 

95 % CI 0.516 to 0.751 0.753 to 0.930 

p-value 0.066 <0.001 

Sensitivity 100 92.5 

Specificity  43.3 73.3 

Accuracy 64% 85.8% 

Table 5:  Receiver operating curve (ROC) analysis. 
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shown to be diagnostic biomarkers for ALL. These 

unique microRNA expression profiles enable more 

accurate patient classification and risk stratification 

that may be beneficial to improve therapeutic 

outcomes in ALL treatment.   

miR-181a functions as a tumor suppressor in 

pediatric ALL through its interaction with its target 

gene, Smad7. This gene (Smad7), which is 

overexpressed in these circumstances, is a negative 

feedback regulator of TGF-β1 signaling and can be 

involved as an intermediary of other signaling 

pathways to TGF-β1. This implies that the 

overexpression of Smad7 may provide therapeutic 

usefulness in ALL treatment [26].  

Circulating microRNAs have been reported as 

potential biomarkers for residual leukemia monitoring. 

Blood-based measurement of miR-128-3p confers 

predictive value for day 15 flow cytometry MRD 

outcome, seven days earlier than flow. Although these 

microRNA markers show lower sensitivity as compared 

to day 15 bone marrow flow cytometry MRD analysis, 

significant downregulation of both miR-128-3p and 

miR-181b-5p was noted during the first week of 

treatment [27]. Recent research offers compelling 

evidence that miRNAs have an important role in 

controlling the treatment responsiveness of ALL 

patients through the regulation of numerous transport 

proteins, particularly focusing on ATP-binding cassette 

(ABC) transporters [16,28]. Researchers have shown 

that exosomes can be transfected with miR-181a 

inhibitors, and this leads to the inhibition of exo-miR-

181a activity. This inhibition indirectly reduced B-ALL 

cell proliferation and offered a potential approach for 

the development of targeted and efficient B-ALL 

treatment strategies [29]. Clinical studies investigating 

transport miRNA therapy are currently in progress and 

are anticipated to yield further valuable data [30].  

It is concluded that the expression level of miR-181a 

and miR-128 fold change has a great value in predicting 

patient response to chemotherapy, and miR-181a was 

considered a specific and sensitive biomarker for 

resistant and relapse group adult patients with ALL. 
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