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Abstract Acute lymphoblastic leukemia (ALL), a malig-

nant transformation and proliferation of the lymphoid line

of blood cells, is characterized by chromosomal abnor-

malities and genetic changes. The purpose of this research

was the evaluation of expression level of miR-181a and -b

in patients with ALL compared to the control group. Fur-

thermore, we examined their expression level in

hematopoietic stem-cell transplantation (HSCT) patients

who developed acute graft-versus-host disease (aGVHD) in

comparison with those without aGVHD and explore the

relationship between their expression level and cytogenetic

abnormalities. In this cross-sectional study, 76 newly

diagnosed adult De novo ALL patients were enrolled who

were admitted to our referral hospital. All patients received

standard chemotherapy, consisting of daunorubicin. A total

of 37 patients underwent HSCT from the related human

leukocyte antigen-matched donors. ALL patients have been

diagnosed with the coronavirus disease 2019 (COVID-19)

and Torque teno viruses (TTVs). We assessed the expres-

sion levels of miR-181a and -b in the peripheral blood

sample of ALL patients at the time of diagnosis prior to

chemotherapy, and healthy matched individuals by RT–

PCR. TTVs and COVID-19 load were also determined via

RT–PCR. In conclusion, the expression level of miR-181a

and -b were significantly higher in ALL patients than

healthy controls and also increased in patients who devel-

oped aGVHD in comparison with those without aGVHD.

MiR-181a and -b can be a useful biomarker in ALL and a

useful indicator of aGVHD. The expression level of miR-

181a in ALL patients with COVID-19 is significantly up-

regulated, while it is reduced in these patients with TTV.
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Introduction

Acute lymphoblastic leukemia (ALL) is a malignant

transformation and proliferation of lymphoid progenitor

cells, affects not only adults but also children [3]. It is the

most common pediatric hematologic tumor, representing

over a quarter of all pediatric cancers [42].

Hematopoietic stem cell transplantation (HSCT) is used

to treat malignant diseases, particularly hematopoietic

malignancies [5]. Acute graft-versus-host disease

(aGVHD) is an immunologic event caused by the activa-

tion of donor-derived T cells in response to histocompati-

bility antigens in the recipient after allogeneic HSCT [39].

MicroRNAs (miRNAs) are a wide class of small (* 22

nucleotides in length) non-coding RNAs, which are

extensively expressed in all metazoan eukaryotes. MiRNAs

play an important regulatory role by suppressing the

expression of their target genes [4]. To date, few studies

have examined the importance of miRNAs in hematopoi-

esis and more studies are needed. Among the miRNA
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families identified so far, we focused on the miR-181

family. The miR- 181 family is important regulatory

molecules in many biological processes including immune

response, cell proliferation, apoptosis, mitochondrial

function, and autophagy [54, 65]. It has additionally been

noted that the miR-181 family display dual tumor-sup-

pressive [52, 71] and oncogenic functions

[21, 27, 72, 74, 77]. The aberrant expression of the miR-

181 family has been demonstrated in several hematological

cancers derived from lymphoid progenitors, as well as in

some myeloid progenitor cells [22, 51]. Several members

of the miR-181 family, mostly miR-181a and -b, have been

revealed to functionally regulate the differentiation and

development of immune cells and to be involved in the

pathogenesis of leukemias [80]. According to research,

members of the miR-181 family may be a target for leu-

kemia treatment as well as a useful biomarker in precision

medicine [17].

Acute graft-versus-host disease (aGVHD) is an

immunologic event caused by the activation of donor-

derived T cells in response to histocompatibility antigens in

the recipient after allogeneic hematopoietic stem cell

transplantation (HSCT) [39].

Several chromosomal abnormalities as one of the causes

of ALL have been correlated with leukemic cell lineage,

the degree of cell differentiation, and clinical and biologic

aspects [18, 59–61]. Findings of cytogenetic abnormalities

have prognostic significance because they detect key genes

and their protein products that are involved in malignant

transformation and proliferation.

Torque teno viruses (TTVs) are members of the

Anelloviridae family and have circular, ssDNA genomes

that are small (3.8 kb), which infect humans on a regular

basis and cause long-term infections in their host [53].

According to some reports, TTVs use the host miRNA

biogenesis machinery to encode biologically active miR-

NAs, which can either activate or inhibit some intracellular

signaling pathways [41].

The extreme acute respiratory syndrome coronavirus 2

causes the coronavirus disease 2019 (COVID-19), which is

a worldwide pandemic disease with high mortality rates.

Respiratory syndromes and pulmonary diseases caused by

viral infections have been linked to dysregulated miRNA

expression [6, 75]. MiRNAs are involved in the patho-

genesis of a wide range of diseases, including viral infec-

tions, disease development, and inhibition [41, 53].

According to recent research, host miRNAs play a role in

the replication and propagation of viruses and also can

directly target both the viral 3’UTR and the coding region

of the viral genome to induce antiviral effects [6, 73].

In the present study, we compared the expression of

miR-181a and -b in patients with ALL compared to the

control group. Furthermore, we examined their expression

level in HSCT patients who developed aGVHD in com-

parison with those who did not, and we explored the

relationship between their expression level and cytogenetic

abnormalities. Our study also provides new insights into

the expression analysis of miR-181a and -b in blood

samples of ALL patients infected with COVID-19 and

TTV.

Materials and methods

Patients’ criteria

In this cross-sectional study, 76 newly diagnosed adults

participated. De novo ALL patients admitted to Namazi

hospital for hematological malignancies affiliated to Shiraz

University of Medical Sciences between 2019 and 2021

were enrolled. Seventy age-sex matched healthy subjects

were also evaluated as normal controls. ALL disease was

diagnosed by an expert oncologist, using morphology,

cytochemistry, and immunophenotyping. Clinical and lab-

oratory data, including French–American–British (FAB)

classifications. Complete blood count, blast percentage,

and the concentration of hemoglobin (Hb) level were also

measured. All patients received standard chemotherapy in

the form of cycles A and B. Cycle A: cyclophosphamide

300 mg/m2 intravenously (IV) every 12 h for 6 doses on

day 1, 2, and 3, Mesna IV 1200 mg/m2/day as a continuous

IV infusion on day 1, 2, and 3, Vincristine 1.4 mg/m2/day

IV on day 4 and 11, Doxorubicin 50 mg/m2/day on day 4,

Dexamethasone 40 mg/day on days 1–4 and 11–14. Cycle

B: methotrexate 1 g/m2 as a continuous infusion on day 1,

Leuocoverin 15 mg every 6 h for 8 doses, starting 12 h

after the end of methotrexate infusion, Cytarabine 3 g/m2

every 12 h, for 4 doses on days 2 and 3 [36]. Demographic

and clinical variables included age at diagnosis, gender,

white blood cells (WBC) count, hemoglobin and lactate

dehydrogenase (LDH) levels, and platelet count. A total of

37 patients received hematopoietic stem cell transplanta-

tion (HSCT) from the related human leukocyte antigen

(HLA)-matched donors. Moreover, aGVHD was classified

using the classic Glucksberg–Seattle criteria and the

International Bone Marrow Transplant Registry [24, 78].

Grade 1 is mild GvHD. It means up to a quarter (25%) of

patient’s skin is affected. Grade 2 is moderate GvHD. It

means up to half patient’s skin (25 to 50%) is affected.

There are mild changes in patient’s liver or may have some

mild diarrhoea or feel sick. Grade 3 is severe GvHD. It

means more than half patient’s skin (over 50%) is affected.

It may look as though patients have severe sunburn.

patient’s liver is affected and have stomach cramps and

diarrhoea. Grade 4 is very severe GvHD. patient’s skin has

blistered and may have broken down in places. Patient’s
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skin may be yellow (jaundiced) because of liver is not

working properly and patients have severe diarrhea

[24, 66]. All procedures were carried out in accordance

with the 1975 Helsinki Protocol and its subsequent

amendments. It was also approved by the Ethics Com-

mittee of Shiraz University of Medical Sciences (SUMS,

Ethical code: IR.SUMS.REC.1396–01-32–15,396).

Cytogenetic analysis

The karyotype was determined using the standard

G-banding technique. Reverse transcriptase-polymerase

chain reaction (RT–PCR) was used to look for chromoso-

mal abnormalities in BCR/ABL, TEL/AML1, and E2A/

PBX1. Patients’ cytogenetic results were classified as

abnormal or normal. Patients who tested negative for these

chromosomal abnormalities were considered cytogenetic

normal.

Sample collection and ribonucleic acid isolation

Each patient, as well as healthy individuals, had five mil-

liliters of peripheral blood collected in Ethylenedi-

aminetetraacetic acid (EDTA)-containing tubes at the time

of diagnosis prior to chemotherapy. Ficoll-hypaque density

gradient centrifugation was used to isolate peripheral blood

mononuclear cells (PBMCs) from each patient and control.

As previously described, total RNA was extracted using the

TRIZOL reagent (Invitrogen) according to the manufac-

turer’s instructions. [31, 32, 67].

Quantification of the miR-181a and -1b mRNAs

expression level by SYBR green real-time PCR

In accordance with the manufacturer’s instructions, com-

plementary DNA (cDNA) was transcribed, using SuPrime

Script RT Premix (2X) cDNA Synthesis Kit (GeNet BIO

Inc; Daejeon, South Korea). The SYBR Green Real-Time

PCR method was used to quantify the expression of miR-

181a and -b mRNAs using SYBR Premix Ex Taq TM II

(Tli RNaseH Plus) (Takara, Japan) according to the man-

ufacturer’s instructions, as previously described

[31, 32, 67]. In expression studies, GAPDH was used as an

internal control. Real-Time PCR method was performed

by iQ5 thermocycler (BioRad Laboratories, USA). The

primers were designed for each miRNA using free software

such as Beacon Designer 7 and AlleleID (version 7.5) and

also checked by Primer-BLAST and listed in Table 1.

Molecular detection of TTV and COVID-19

infection

The TTV infection was analyzed using the PCR method.

Briefly, the TTV genomic DNA was extracted from blood

using a dinitrophenol kit (Cinna Gen Inc., Tehran, Iran)

according to manufacturer instruction. The presentation of

TTV genomic DNA was analyzed in ALL patients using an

in-house semi-nested-PCR protocol, as previously descri-

bed [35, 38, 62].

Throat swab samples or deep nasal cavity swab samples

were collected for extracting COVID-19 RNA from

patients suspected of having COVID-19 infection. The

collected swabs were placed into a collection tube with

2 ml of virus transfer media, and total RNA was extracted

using QIAampTM viral RNA mini kit from QiagenTM

according to the manufacturer’s instructions. The COVID-

19 load was determined for all samples via Real-time PCR

by COVID-19 kit (BXM, Iran), according to the manu-

facturer’s instruction [12].

Statistical analysis

Data were analyzed by SPSS software, version 18. The

differences in the mean expression level of miR-181a and -

b between patients and controls as well as patients

according to response to chemotherapy and FAB subtypes

were compared via independent t-test. The association

between the mean expression of the miR-181a and -b and

laboratory data were analyzed by Pearson correlation test.

Results

Of 76 newly diagnosed ALL patients, 53 (69.7%) were

male and 23 (30.3%) were female. The mean age of ALL

patients was 41 ± 1.6 with a range of 15–67 years. The

laboratory characteristics of patients with ALL displayed

that the mean WBC count at diagnosis was

50,041 ± 90,351/cm. The average platelet count was

51,238 ± 6361/mL and the mean Hb and LDH levels in

these patients were 9.3 ± 0.53 g/dL and 1871 ± 196 U/L,

respectively. Markers were compared against normal ran-

ges. ALL patients present with a very high white blood cell

count, which is called leukocytosis, however, the platelet

count and Hb are critically low (Table 2).

Sixteen patients developed aGVHD, with seven devel-

oping low grade (grade I ? II) aGVHD and nine devel-

oping high grade (grade III ? IV) aGVHD.
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Aberrant miR-181a and -b expression in ALL

patients

The mRNA expression of miR-181a and -b was compared

between ALL patients and controls. After the statistical

analysis, our results revealed that the expression of miR-

181a and -b in these patients were significantly higher (4.8

and 3.8 fold, respectively) in ALL patients than healthy

controls (3.2 ± 0.52 vs. 4.5 ± 0.98, *P = 0.001 and

1.9 ± 0.13 vs. 5.6 ± 0.64, *P = 0.002, respectively,

Fig. 1).

The relationship of miR-181a and -b expression level

and T and B cells in ALL patients

In this study, we evaluated the expression of the miR-181a

and –b attributed to T and B cells in ALL patients. Our

results showed that the miR-181a and -b expression

attributed to T cell was significantly higher than B cell in

patients with ALL (2.4 ± 0.87 vs. 6.7 ± 2.3; P = 0.05 and

1.2 ± 0.31 vs. 2.6 ± 0.66; P = 0.001, respectively,

Fig. 2).

MiR-181a and -b expression level in HSCT patients

who developed aGvHD

The mean expression level of miR-181a and -b were

compared between hematopoietic stem-cell transplantation

(HSCT) patients who developed aGVHD and those that did

not develop aGVHD. Our results revealed that the

expression of miR-181a was higher in patients who

developed aGVHD in comparison with those without

aGVHD, although this increase was not statistically sig-

nificant (P[ 0.05). However, our results demonstrated that

miR-181b expression level was significantly increased in

patients who developed aGVHD in comparison with those

without aGVHD (2.7 ± 0.84 vs. 3.4 ± 1.05; P = 0.01). In

addition, miR-181a and -b were overexpressed in HSCT

patients with high-grade aGVHD (grade III-IV) compared

to those patients who developed low grade (grade 0-II),

Table 1 The Primer sequences for qRT-PCR and PCR condition used for the miR-181a and -b and GAPDH gene

Gene Primer sequences Thermocycling condition

GAPDH Forward GGACTCATGACCACAGTCCA

Reverse CCAGTAGAGGCAGGGATGAT

95 �C/2 min, 40 cycles of 95 �C/30 s, 57.5 �C/20 s and 70 �C/30 s

MIR-181a Forward ACTGACAACATTCAACGCTGTCG

Reverse GTGCAGGGTCCGAGGT

94 �C/2 min, 40 cycles of 94 �C/30 s, 58 �C/20 s and 70 �C/30 s

MIR-181b Forward GTTTGAACATTCATTGCTGTCG

Reverse GTGCAGGGTCCGAGGT

95 �C/2 min, 40 cycles of 95 �C/30 s, 60 �C/20 s and 70 �C/30 s

Table 2 Laboratory data of

ALL patients
Variable Mean ± SD

WBC count 50,041 ± 90,351

PLT count 51,238 ± 6361

Hb (g/dL) 9.3 ± .53

LDH (U/L) 1871 ± 196

Fig. 1 The expression levels of MiR-181a and MiR-181b in acute

lymphoblastic leukemia (ALL) patients compared to control. Results

are shown as the mean expression values and statistical significance

was determined using an unpaired Student’s t test

Fig. 2 The relative change in MiR-181a and MiR-181b expression

with T and B cells in acute lymphoblastic leukemia patients. Results

are shown as the mean expression values and statistical significance

was determined using an unpaired Student’s t test
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although the difference was not statistically significant

(- 0.2.3 ± 2.1 vs. 1.6 ± 0.99; P = 0.9 for miR-181a and

2.5 ± 1.7 vs. 3.4 ± 2.7; P = 0.5 for miR-181b, Fig. 3).

MiR-181a and -b expression level according

to cytogenetic status

In this study, we show cytogenetic findings on ALL

patients, and the details of these abnormalities are provided

in Table 2. Among 76 ALL patients, 52 had normal cyto-

genetic and 24 had abnormal karyotype. Furthermore, the

expression level of miR-181a and -b was compared within

ALL patients based on their cytogenetic abnormalities. Our

results showed that the expression level of miR-181a was

significantly increased in t(9;22) BCR/ABL cytogenetic

abnormalities (P = 0.03). However, we did not find sig-

nificant differences in the expression level of miR-181a

and -b between patients who carried t(12;21)TEL/AML1

and t(1;19) E2A/PBX1 and patients without this abnor-

mality (P[ 0.05) (Table 3).

Association of MiR-181a and miR-181b expression

with TTV infection in ALL patients

TTV was detected in 14 of 76 (18.4%) patients. The mean

expression of MiR-181a and MiR-181b were compared in

patients according to the TTV infection status (Fig. 4).

MiR-181a and -b gene expression levels were less in TTV?

patients compared to TTV- patients, albeit our results

demonstrated that only miR-181a expression level was

significantly decreased in TTV? patients in comparison

TTV- patients (P = 0.001).

Association of miR-181a and miR-181b expression

with COVID-19 infection in ALL patients

COVID-19 infection was detected in 5 of 76 (6.5%) ALL

patients. Figure 5 shows the baseline expression levels of

MiR-181a and -b in ALL patients according to the COVID-

19 infection status. Our results demonstrated that MiR-

181a and -b expression levels were increased in COVID-

19? patients compared to COVID-19- patients, albeit just

miR-181a expression level was significantly increased in

Fig. 3 The expression levels of MiR-181a and MiR-181b in acute

lymphoblastic leukemia patients underwent hematopoietic stem-cell

transplantation (HSCT) who developed aGVHD compared to those

that did not develop aGVHD. Results are shown as the mean

expression values and statistical significance was determined using an

unpaired Student’s t test

Table 3 Acute lymphoblastic leukemia with recurrent cytogenetic

abnormalities

Cytogenetic abnormalities No. of patients (%)

t(9;22) BCR/ABL 14 (18.4%)

t(12;21) TEL/AML1 6 (7.8%)

t(1;19) E2A/PBX1 4 (5.2%)

Fig. 4 The relative change in MiR-181a and MiR-181b expression

with TTV infection in acute lymphoblastic leukemia patients

Fig. 5 The relative change in MiR-181a and -b expression with

COVID-19 infection in acute lymphoblastic leukemia patients
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COVID-19? patients in comparison COVID-19- patients

(P = 0.03).

Discussion

ALL is a malignant neoplasm that can affect both adults

and children [3]. HSCT is one of the most common treat-

ments for hematopoietic malignancies. Infection and

aGvHD are serious cause of morbidity and mortality, as

well as a negative outcome following HSCT [11, 84].

Several studies have highlighted aberrantly expressed

miRNAs in patients with ALL [7]. The miRNAs are a class

of non-coding, single-stranded RNAs composed of

approximately 22 nucleotides, that function as post-tran-

scriptional negative regulators of gene expression. MiR-

NAs appear to be important regulators in tumorigenesis

and drug resistance [34, 40]. In the present study, 76 newly

diagnosed adult patients with ALL were given standard

daunorubicin-based induction chemotherapy. A total of 37

patients underwent HSCT during the study period, with

only Sixteen patients developed aGVHD. The aim of this

study was to compare the expression levels of miR-181a

and -b in these patients to the normal population. Fur-

thermore, we compared the expression levels of these

genes in HSCT patients who experienced aGVHD to those

who did not, as well as the association between their

expression levels and cytogenetic abnormalities. In addi-

tion, we measured the expression levels of miR-181a and -

b in blood samples from ALL patients with COVID -19

and TTV infection. The expression of miRNAs in different

diseases has gotten a lot of attention and a lot of studies has

found connections between changes in miRNA homeosta-

sis and pathological conditions like cancer [43, 49]. The

miR-181 family, which is primarily expressed in neuronal,

blood, and lymphoid tissues, controls cell proliferation,

apoptosis, mitochondrial function, and immune response

[10, 54, 65]. The anomalous expression of the miR-181

family has been reported in several hematological cancers

[57]. Several members of this family, mostly miR-181a and

-b have been implicated in the etiopathogenesis of hema-

tological tumors and malignancies [80]. For example, a

study found that patients with B-cell chronic lymphocytic

leukemia had abnormal expression of several members of

the miR-181 family (mostly miR-181a and b) [57]. Alter-

ations in the expression of miRNAs can be considered as

biomarkers for the prognosis, diagnosis, classification, and

treatment of cancer, although understanding how miRNAs

affect the pathogenesis of cancer is complicated [8]. miR-

181a had different expression levels in different hemato-

logical malignancies. Since members of the miR181 family

play different roles in hematological malignancies, they

may be used as part of a precision medicine approach to

cancer treatment. It is up-regulated in AML and

myelodysplastic syndromes [58], but downregulated in

multiple myeloma and chronic lymphocyte leukemia [37].

Our findings revealed that the expression of miR-181a and

-b was significantly higher in ALL patients compared to

healthy controls, suggesting that miR-181a and -b may be a

useful biomarker. Our findings are consistent with previous

research that has shown an increase in miR-181a expres-

sion in acute myeloid leukemia (AML) [14, 48, 56]. In

pediatric ALL, miR-181a has also been shown to have a

role in leukemogenesis and to be significantly overex-

pressed in T-cell leukemia. Besides, the expression of miR-

181a decreased significantly after a 6-month therapeutic

period [16]. miR-181b was found to be highly expressed in

AML and to induce cell proliferation, which is crucial in

the progression of AML [9]. However, according to other

studies, miR-181b is down-regulated in chronic lympho-

cytic leukemia as compared to the normal control that was

in contrast with our findings regarding the expression of

miR-181b in ALL patients [79, 80]. Moreover, patients

with chronic myeloid leukemia had significantly lower

expression levels of miR-181a and -b [81]. Up-regulation

of miR-181 family has been found in patients with

inflammatory responses, and has been demonstrated to

decrease inflammatory factor expression or inhibit inflam-

matory response, which may be beneficial in leukemia

situations [82, 83, 85]. Some studies have also suggested

their tumor suppressor role for these miRNAs [80]. Fur-

thermore, miR-181a and -b are known to play a key reg-

ulatory role in lymphoid cell growth, differentiation, and

function [45, 76] and proposed that their specific expres-

sion profiles are associated with the different steps of the

maturation and differentiation process [25, 26]. In this

regard, a recent study reported that miR-181a over

expression inhibited leukemia cell proliferation, apoptosis,

and increased the remission rate in children with ALL [15].

Overexpression of miR-181 has been linked to cell pro-

liferation and is thought to play a role in tumorigenesis and

cancer progression. Previous research suggests that over-

expression of miR-181 promotes cell proliferation via the

PI3K/AKT signaling pathway [20, 28]. MiR-92a and miR-

181a are upregulated in newly diagnosed AML patients,

according to our previous study [68]. We showed for the

first time that the c-Kit gene may be a new target gene for

miR-92a and miR-181a [31, 67]. The difference is proba-

bly attributed to the phase of lymphocytic leukemia (acute

vs. chronic) and type of leukemia.

Patients may be classified into groups based on the cell

of origin like B-cell leukemia and T-cell leukemia. Our

results showed that the expression level of miR-181a and -

b attributed to T cell was significantly higher than B cell in

patients with ALL. B-cell has been reported to have a

better survival than T-cell lymphoblastic leukemia [47].

732 M. Iravani Saadi et al.

123



According to numerous studies, circulating microRNAs

exhibit changed expression level during the start of aGvHD

and can be used as predictive and diagnostic biomarkers

[13]. Our results also demonstrated that miR-181a and -b

expression levels were significantly higher in patients who

developed aGVHD compared to those who did not; how-

ever, this increase was only statistically significant for

miR-181b expression levels. The results also showed that

the higher the aGVHD grade, the higher the expression

level of the miR-181a and -b. This finding revealed that

both miR-181a and –b (especially miR-181b) play an

important role in the development of aGVHD and the miR-

181a and -b level could be used as an indicator of aGVHD,

replicating the severity of the disease. Contrary to our

findings, several studies have reported that miR-181a were

significantly downregulated at aGvHD diagnosis compared

to patients who remained aGvHD free, and that miR-181a

functioned as a reliable predictive marker of aGVHD. They

explained the reason for the action of this microRN as its

regulatory role in the level of cytokines involved in the

pathophysiology of aGVHD [13, 44, 69].

Numerous studies have shown that cytogenetic abnor-

malities such as t(9,22) BCR-ABL, t(12;21) TEL/AML1

and t(1;19) E2A/PBX1 are pathognomonic in ALL patients

and serve as strong prognostic tool [1, 33]. Our results

displayed the expression level of miR-181a was signifi-

cantly up-regulated in BCR/ABL cytogenetic abnormali-

ties; implying that it could be used as a prognostic marker

and therapeutic target. These findings were in accordance

previous research that suggests the miR-181 family could

be a potential target for cancer treatment [30, 63]. Besides,

we did not observe a significant change in the expression

level of miR-181a and -b in ALL patients who carried

TEL/AML1 and E2A/PBX1. The findings and analysis

show a correlation between miR-181a and -b levels and

ALL pathogenesis. Unfortunately, not many studies have

been done to compare with our results, but according to

numerous studies, increased expression levels of miR-181

has also been linked to a better clinical outcome in cyto-

genetically normal [50, 70] and abnormal [46] acute

myeloid leukemia.

Many studies have shown that the rate of TTV viremia is

higher in immunosuppressed individuals, such as cancer

patients and transplant recipients [29, 55]. In the present

study, the TTV was diagnosed in 18.4% of ALL patients.

Recent studies have therefore suggested that TTV viremia

could be a biomarker to assess immune function [19, 64].

Several studies have recently looked into the TTV family

for the ability to encode miRNAs which target transcripts

of their host cell. TTVs encode a wide range of viral

miRNAs, and their interactions with the host miRNA

biogenesis pathway have been investigated [41]. We

demonstrated an inhibitory role for a TTV miRNA in miR-

181a expression level in ALL patients that have increased

in these patients. Our findings bring new insights into the

TTV and its interactions with the host miRNA machinery.

COVID-19, a pandemic infection, causes severe acute

respiratory syndrome and pulmonary diseases. Near the

end of 2019, a new COVID-19 was discovered, causing a

variety of symptoms including fever, cough, heavy pneu-

monia, and in some cases, death. After its discovery in

Wuhan, China, the pathogen has been known as COVID-19

and it quickly became a global pandemic [23]. According

to new findings, both the viral 3’UTR and the coding

region of the viral genome can be specifically targeted by

host cellular miRNAs to induce antiviral effects [6, 41].

Several studies have found that host miRNAs (miR-323,

miR-491, miR-485, miR-654, and miR-3145) bind to the

coding region of the influenza PB1 gene, degrade RNA,

inhibit viral translation, and decrease viral particle accu-

mulation [2]. Furthermore, human immunodeficiency virus

type 1 (HIV-1) nef protein expression is inhibited by host

cellular miRNA-29a, which inhibits viral replication [55].

On the other hand, several studies have indicated that host

miRNAs have a beneficial effect on viral replication. For

example, MiR-122 binds to the 3’ and 5’ UTRs of hepa-

totropic virus RNA, increasing viral RNA stability and

allowing viral propagation [6, 29, 41]. Based on the above

papers, we performed a study of miRNAs targeting SARS

and COVID-19 (recent isolates from various regions) to

better understand the pathophysiology and find new ther-

apeutic targets. In the present study, the COVID-19 was

found in 6.5 percent of ALL patients. MiRNAs have the

potential to affect the expression of certain genes, and

treatment based on them has great potential in future

medicine. The majority of miRNA studies in connection

with COVID-19 have been performed. In our study, we

discovered that miR-181a expression level was signifi-

cantly higher in ALL patients with COVID-19? in com-

parison COVID-19- indicating the pathological role and

prognostic impact of miR-181 in ALL patients with

COVID-19?.

In conclusion, we found that miR-181a and -b were

overexpressed in ALL patients compared to normal popu-

lations, suggesting that it could be a useful biomarker.

MiR-181a and -b may play an important role in the

pathogenesis of aGVHD and can be used as an indicator of

aGVHD. The expression of miR-181a is significantly

increased in ALL patients with COVID-19?, whereas it is

decreased in these patients with TTV?.
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