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Abstract The main aim of this study was to evaluate the

expression of intercellular adhesion molecule-1 (ICAM-1),

vascular cell adhesionmolecule-1 (VCAM-1), and inducible

nitric oxide synthase (iNOS) as host factors, and proviral

load as the viral parameter, in adult T-cell leukemia/lym-

phoma (ATLL) individuals and healthy carrier (HC(s))

groups. Peripheral blood mononuclear cells (PBMC) from

ATLL patients (n = 17) and HC subjects (as the control

group, n = 17) were evaluated using real-time PCR to

determine the levels of HTLV-1 proviral load and mRNA

expression of ICAM, VCAM-1, and iNOS. ICAM-1 was sig-

nificantly lower in ATLL patients than in control subjects.

Although the expression of VCAM-1 was higher in ATLL

individuals, there was no significant difference between the

studied groups. In addition, no iNOS expression was found in

ATLL patients, when compared to the HCs subjects, while

ATLL patients demonstrated a higher level of proviral load

when compared to the control group. Considering the

importance of ICAM-1 in facilitating immune recognition of

infected cells, it is posited that reduction of ICAM-1

expression is a unique strategy for circumventing appropri-

ate immune responses that are mediated by different acces-

sory proteins. Additionally, as the viral regulatory protein

Tax and the NF-jB pathway play pivotal roles in expression

of iNOS, lack of the latter in ATLL patients may be related to

the level of Tax expression, disruption of the NF-jB path-

way, or the occurrence of epigenetical mechanisms in the

human iNOS promoter. Further studies are recommended to

gain a better understanding of the interaction between host

and viral factors in HTLV-1 pathogenesis and to identify a

possible therapeutic target for ATLL.

Introduction

Human T lymphotropic virus type 1 (HTLV-1) is a mem-

ber of the delta retrovirus family [1]. This virus has been

found to be a causal agent of a highly aggressive and fatal

malignancy of CD4? T- cells, adult T-cell leukemia/lym-

phoma (ATLL), and a distinct neurological disease termed

HTLV-1-associated myelopathy/tropical spastic parapare-

sis (HAM/TSP) [2]. It is estimated that approximately

15-20 million individuals are infected with HTLV-1

globally [3]. The cumulative risk of infected individuals

developing ATLL after a long period of time is estimated

to be 6.6% for males and 2.1% for females [4]. While

studies have shown that several HTLV-1 viral proteins

have a role to play in viral pathogenesis, recent data sup-

port the hypothesis that the HTLV-1 encoded oncoprotein,

Tax, plays a crucial role in the onset of the leukemogenic

process [5]. Indeed, Tax is essential for the initiation, but
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not maintenance, of cellular transformation and immortal-

izes human primary T-cells; approximately 60% of all

ATLL cases do not express this protein [6, 7]. In contrast,

basic leucine zipper HBZ has a pivotal role in the main-

tenance of HTLV-1-induced transformation and is consis-

tently expressed in all ATLL cells, with no alteration,

throughout the entire period of ATLL progression [8, 9].

Although the infectivity of HTLV-1 is highly dependent

on interactions between viral envelope proteins and cellular

receptors, cellular adhesion molecules (CAMs), such as the

intercellular adhesion molecule-1 (ICAM-1) and vascular

cell adhesion molecule-1 (VCAM-1), play a significant role

in the effective transmission of this virus [10]. In addition,

studies have indicated that these molecules may play a

critical role in T-cell proliferation, recruitment of immune

effectors to the site of inflammation, and migration of

leukemic T-cells into the organs of ATLL patients [11, 12].

Nitric oxide (NO) is a key signaling molecule and

pleiotropic mediator that plays an essential role in a ple-

thora of physiological and pathological functions [13]. On

the one hand, NO induces oxidative DNA damage, nitro-

sative stress, apoptosis, and mitochondrial damage, while

on the other, the production of iNOS as a key enzyme in

NO production at low concentrations, by macrophages or

activated T-cells during chronic inflammation, enhances

tumor cell proliferation, angiogenesis, metastasis, and

resistance to apoptosis [14, 15]. Accordingly, iNOS is often

considered to have both risks and benefits as it plays a

central part in maintaining the balance between pro- and

anti-apoptotic mechanisms during cancer development.

Indicating the impact of NO on tumor formation in an

ATLL model will unveil new horizons to the development

of alternative strategies for the treatment or prevention of

ATLL [16].

In this study, we analyzed the expression of iNOS, ICAM-

1, and VCAM-1 mRNA using real time RT-PCR in ATLL

patients and HC subjects to predict the potential impact of

these molecules and their association on the development of

ATLL and the potential correlation between their expression

and demographic factors in the studied groups.

Materials and methods

Clinical samples

A total of 34 individuals, including 17 HTLV-1-infected

healthy donors without ATLL (healthy carriers, HCs) and

17 ATLL patients, participated in this study (there were 7

males and 10 females in each group). All patients were

classified as acute or lymphomatose and did not have a

previous history of treatment. In this study, we also con-

sidered healthy control subjects; however, we did not

observe any discrepancy between healthy HTLV-1 carriers

and healthy controls, so we decided to omit this group.

The protocol for the use of human PBMCs was

approved by the Ethical Committee of Mashhad University

of Medical Sciences, and for each subject, written informed

consent was obtained before collecting 12 mL blood

samples. Infection of subjects and HCs with HTLV-1 was

identified by HTLV-I antibody serological tests and con-

firmed using the PCR technique [17].

HTLV-1 proviral load assay

Peripheral blood mononuclear cells (PBMC) were isolated

by a Ficoll-Paque density gradient centrifugation. Genomic

DNA was extracted using a Genetbio DNA Isolation Kit

according to the manufacturer’s instructions. The proviral

load was assessed via real-time TaqMan PCR using the

HTLV-1 RG kit (Novin Gene, Iran) by a Rotorgen Q-6000

real-time PCR machine (Qiagen, GmbH, Germany).

Proviral load was represented as copies of HTLV-1 pro-

viruses per 104 PBMCs and calculated using albumin as an

internal control through the following formula: (HTLV-1

DNA copies number/albumin DNA copies number/2)

9104. HTLV-1 and albumin DNA concentrations were

calculated using two 5-point standard curves [18–21].

RNA extraction and cDNA synthesis

Total RNA was extracted from fresh PBMCs using TriPure

Isolation Reagent (Roche, Mannhein, Germany) according

to the supplier’s protocol. First-strand cDNA was synthe-

sized from 1 lg of total cellular RNA and random hexamer

primers using a cDNA synthesis kit (Fermentas, St. Leon-

Roth, Germany) as recommended by the manufacturer.

Reverse transcription was performed at 42�C for 60minutes,

followed by real-time inactivation at 70�C for five minutes.

The authenticity of cDNA synthesis was confirmed by PCR.

Quantitative RT-PCR

ThemRNA expression of human iNOS, ICAM-1, andVCAM-

1was determined by a real-time PCRassay (TaqManmethod)

using specific primers and fluorogenic probes [22, 23]. The

sequences (50 to 30) of the PCR primers and probes are shown

in Table 1. The quantitative RT-PCR assay was carried out

according to the manufacturer’s instructions. Human b2
microglobulin (b2M) was considered an internal amplifica-

tion control. Standard curves for target and reference genes

were prepared using serial dilution of cDNAs. The relative

quantity of b2M, a low-molecular-weight protein present in

all nucleated cells, was applied as a housekeeping gene to

normalize the relative quantity of each gene and control for

errors between the samples.
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Statistical analysis

Statistical analysis was performed using the SPSS statistics

software package (SPSS 20). Data were expressed as

means ± standard deviation (SD). The Kolmogorov-

Smirnov test indicated that the obtained data did not have a

normal distribution. The collected data were analyzed

using nonparametric Mann-Whitney and Spearman’s cor-

relation tests. P values of B0.05 were considered signifi-

cant and 95% confidence intervals (CI) were also

estimated. Data are representative of two independent

experiments.

Results

The mean age for the ATLL group was 53.94 ± 1.99

years, while that of the HCs was 45.71 ± 2.08 years. Based

on statistical analysis, no significant difference was

observed in age (P = 0.07) and gender (p = 0.7) between

the studied groups, respectively.

ICAM-1 mRNA expression

The mean ICAM-1 mRNA expression in the ATLL patients

and HCs was reported as 0.34 ± 0.09 and 1.42 ± 0.35

respectively (Table 2). Based on the two independent

experiments, a significant difference was observed when

comparing ICAM-1 gene expression between the studied

groups (P\ 0.05); it was markedly reduced in the ATLL

group when compared to the HCs group (P = 0.01).

VCAM-1 mRNA expression

The mean VCAM-1 mRNA expression in the ATLL group

and HCs was demonstrated to be 0.085 ± 0.024 and

0.051 ± 0.016 respectively (Table 2). Although VCAM-1

expression was increased in ATLL patients compared to

HCs, no significant difference was found between the two

groups statistically (P = 0.3).

iNOS mRNA expression

No detectable iNOS expression was observed in ATLL

patients, while the mean value for the HCs group was

reported to be 0.002 ± 0.0009 (Table 2). Additionally,

statistical analysis revealed significant differences in iNOS

gene expression between the two groups (p\ 0.0001).

HTLV-I proviral load

The HTLV-I proviral load average was 288.375 ± 60.84

(CI 95%: 159.38-417.36) copies/104 PBMCs in the HCs

group, whereas in the ATLL subjects this value was

reported as 10551.53 ± 3222.66 (CI 95%: 3719.78-

17383.29) copies/104 PBMCs. The provirus load of ATLL

patients was significantly higher than that of the control

group, a difference that was statistically significant

(p\ 0.0001, Mann-Whitney U test). The ATLL population

was sorted according to viral load range (g1: 1-1000, g2:

1000-10000, g3:[10000), however there was no signifi-

cant change in expression of ICAM-1/VCAM-1/iNOS

among these groups. The characteristics and proviral load

of the ATLL patients and HCs subjects are summarized in

Table 3.

Discussion

Here, for the first time, we designed a study to investigate

the mRNA expression of ICAM-1, VCAM-1, and iNOS as

host factors and the HTLV-1 proviral load level, as a viral

factor, in both HCs and ATLL patients simultaneously. In

addition, we evaluated the connections between these

Table 1 Designed primers and probes are used in this study for TaqMan real-time PCR. The conditions were as follows: 45 cycles at 94�C for

10 seconds and 60�C for 45 seconds

Genes Primers Probe

ICAM-1 Forward: 50- GTGACGCTGAATGGGGTTCC -30

Reverse: 50- GGGTCTGGTTCTTGTGTATAAGC-30
Fam-CCGGCCACCTCCAGGGTTGCAGAG-BHQ1

VCAM-1 Forward: 50- TCTGTGAATATGACATGCTTGAGC -30

Reverse: 50- CATTCTCAGAAAGAGGCTGTAGC -30
Fam-AGGGCTTTCCTGCTCCGAAAATCCTGTG-BHQ1

iNOS Forward: 50- GCTCAAATCTCGGCAGAATCTAC -30

Reverse: 50- GCCATCCTCACAGGAGAGTTC -30
Fam-TCCGACATCCAGCCGTGCCACCA-BHQ1

b2M Forward: 50- TTGTCTTTCAGCAAGGACTGG -30

Reverse: 50- CCACTTAACTATCTTGGGCTGTG -30
Fam-ATGGTTCACACGGCAGGCATACTCATCT-BHQ1

ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1; iNOS, inducible nitric oxide synthase; b2M, b2
microglobulin
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factors and demographic parameters, including age, to find

a possible association among them. We observed down-

regulation of ICAM-1 and upregulation of VCAM-1 in our

studied groups. However, no statistical difference between

HCs and ATLL subjects was observed for VCAM-1

expression. In addition, we revealed that iNOS did not have

any expression in ATLL patients, although it was expres-

sed in the HCs group. As expected, ATLL patients

demonstrated high levels of proviral load compared to the

HCs group. Furthermore, our precise statistical analysis did

not show any association between these factors and

demographic parameters. In addition, we demonstrated that

there is no correlation between expression of ICAM-1,

VCAM-1, iNOS, and HTLV-1 proviral load in the studied

groups.

It has been suggested that a high proviral load in

peripheral blood mononuclear cells is considered as a risk

factor for the development of ATLL [24]. In this study, we

analyzed the HTLV-I proviral load as a main and viable

risk marker for the prognosis and development of HTLV-I

associated diseases in both HCs and ATLL subjects. The

latter demonstrated a higher HTLV-I proviral load level

Table 2 Expression of ICAM-

1, VCAM-1, & iNOS mRNA in

ATLL and HCs subjects

Characteristics Groups

Healthy carriers (HCs)

(n = 17)

ATLL

(n = 17)

ICAM-1 Mean ± SE 1.42 ± 0.35 0.34 ± 0.09

Minimum expression 0.15 0.002

Maximum expression 4.74 1.21

CI 0.67-2.17 0.14-0.54

P- value P = 0.01, Mann-Whitney U test

VCAM-1 Mean ± SE 0.051 ± 0.016 0.085 ± 0.024

Minimum expression 0.000049 0.00008

Maximum expression 0.216 0.295

CI 0.015-0.086 0.34-0.137

P- value P = 0.3, Mann-Whitney U test

iNOS Mean ± SE 0.002 ± 0.0009 -

Minimum expression 0.00 -

Maximum expression 0.012 -

CI 0.002-0.006 -

P- value p\ 0.0001, Mann-Whitney U test

CI, confidence interval; SE, standard error

ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1; iNOS, inducible

nitric oxide synthase; CI, confidence interval; SE, standard error

Table 3 Characteristics and

HTLV-I proviral load of the

ATLL patients and HC subjects

Characteristics Groups

Healthy carriers (HCs) ATLL

No. of individuals 17 17

Proviral load (mean ± SE)

HTLV-I copy number/104 PBMCs

288.375 ± 60.84 10551.53 ± 3222.66

Minimum proviral load 2.00 53.00

Maximum proviral load 686.00 41347.00

CI 159.38-417.36 3719.78-17383.29

P- value p\ 0.0001, Mann-Whitney U test

Age (mean years) 45.71 – 2.08 53.94 – 1.99

P-value P = 0.07, t-test

CI, confidence interval; SE, standard error

Based on the Spearman test, expression of ICAM-1, VCAM-1, and iNOS did not correlate with each other or

with HTLV-I proviral load in ATLL patients and HCs subjects. In addition, statistical analysis indicated

that ICAM-1, VCAM-1, iNOS expression, and HTLV-I proviral load in both groups were not significantly

associated with each other
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compared to the former, while no correlation between age

and this factor was found in the studied groups. Previous

studies claimed that there is no significant relation between

HTLV-I proviral load and gender and age in asymptomatic

HTLV-I carriers [25]; however, in one study, investigators

found that in ATLL individuals, the mean HTLV-I viral

load in males was two times more than that of females,

which may be the result of mode of transmission or

acquisition of the virus and the methodology of the study

[26]. In the present study, our results from asymptomatic

carriers are consistent with the literature.

Leukocyte adhesion molecules play an important role in

recruitment and migration of immune effector cells to the

inflammation site [27]. Tax affects T-cell-T-cell interac-

tions as it alters the expression of adhesion molecules such

as the CD2 receptor CD58 (LFA-3), intercellular adhesion

molecule-1 (ICAM-1, CD54), and vascular cell adhesion

molecule 1 (VCAM-1) [12]. According to previous studies,

VCAM-1 or CD106 are expressed to a significantly higher

degree by Jurkat Tax-positive cells than their Tax-negative

counterparts, and Tax trans-activates the VCAM-1 gene via

two NF-jB sites that are present in the gene promoter

[12, 28]. In the present report, we demonstrated that

VCAM-1 is expressed in ATLL patients, albeit there was no

substantial statistical difference between the ATLL and

HCs groups. As the level of VCAM-1 expression has been

reported to vary among ATLL and HTLV-1-infected cases,

it cannot be ruled out that the expression of this adhesion

molecule may be dependent on the level of Tax or on other

viral or cellular proteins. Accordingly, in our study, the

lack of statistical difference between the studied groups

might be the result of the level of Tax expression.

Recent studies have indicated that ICAM-1 is not only

important for increased adhesion to endothelial cells and

organ infiltration, but also for T-cell proliferation [29]. Tax

and interaction between intracellular adhesion molecules-1

(ICAM-1) and its ligand LFA-1 play critical roles in the

formation of the HTLV-1 virological synapse [30]. Based

on various studies, it is possible that Tax is responsible for

upregulation of ICAM-1 and LFA-1 in T cells carrying

proviral HTLV-1 [31]. In addition, HTLV-I Tax alone

could also activate the ICAM-1 promoter via the NF-jB-
binding site [32]. Early data revealed that ICAM-1 and

LFA-1 were downregulated on ATLL cell lines [33]. In

contrast, another study showed consistent and high

expression of ICAM-1 and LFA-1 on fresh PBMC in

ATLL patients [27]. We found that ICAM-1 was down-

regulated in ATLL subjects and, according to statistical

analysis, that there was a significant difference between the

groups regarding ICAM-1’s expression. Recent work has

illuminated that different HTLV-1 auxiliary proteins

downregulate the expression of LFA-1 and ICAM-1 on the

cell surface of HTLV-1infected CD4? T cells, resulting in

the reduced adherence of immune effectors to them leading

to the avoidance of immune recognition of infected cells

[34]. Therefore, given this evidence, it is possible that in

the present experiment the level of Tax and accessory

protein expression resulted in downregulation of ICAM-1

in ATLL subjects.

Inducible nitric oxide synthase (iNOS), as one of the

three key enzymes that catalyze production of nitric oxide

(NO), is an important regulatory molecule in both inflam-

mation and cancer development [14]. Although iNOS is not

normally expressed in cells in resting physiological situa-

tions, it can be induced following their activation by var-

ious stimuli, especially pro-inflammatory mediators [35].

This was the case when there was an over-expression in

HTLV-1 and Tax-positive cells, while no expression was

detected in normal PBMC [13]. In addition, iNOS

expression was detected in seven of eight human T cell

leukemia virus type-I (HTLV-I)-infected cell lines (ATLL-

derived lines and in vitro-transformed lines) and four out of

nine ATLL (adult T cell leukemia) patients of different

subtypes (chronic or acute) [14]. Our results showed no

iNOS expression in ATLL patients, whereas it was found in

HC subjects; the difference between the studied groups was

also significant. While the molecular mechanism of the

iNOS expression in ATLL is unknown, various studies

confirm the concept that the expression of iNOS in ATL

cells is Tax-dependent and specifically requires the clas-

sical NF-jB pathway [36]. NF-jB-binding DNA elements

exist in regulatory sites of iNOS gene expression [37].

Recent publications have shown that NO produced by the

tumor microenvironment has a significant role in cancer

development [38]. According to previous evidence and

regarding the significant role of the NF-jB pathway in

iNOS expression in ATLL patients, any disruption in this

signaling pathway can have a direct impact on iNOS

expression [35]. In addition, elevated NO production, as

mediated by Tax, may contribute to leukemogenesis

through inhibiting the apoptotic death of leukemic cells in

ATLL patients [39]. Different polymorphisms were found

in the sequence of the human iNOS promoter [40]. A single

nucleotide polymorphism that occurs in the iNOS promoter

has been correlated with a two-fold risk increase for B- and

T-cell non-Hodgkin lymphoma [41]. Additionally, one

method of understanding the regulation of gene expression

involves epigenetics. Various studies have demonstrated

that epigenetical mechanisms, such as DNA methylation

and low histone modifications at the iNOS promoter region,

lead to iNOS gene silencing and low activity, respectively

[42].

We found low ICAM-1 expression, high VCAM-1

expression, and no expression of iNOS in ATLL patients,

when compared to HCs individuals. One hypothesis for the

acquired results is related to the function of the NF-jB
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pathway. In addition, since HBZ and Tax have opposite

impacts on the regulation of the cellular signaling pathway,

another hypothesis relates to the levels of HBZ and Tax

expression in the studied groups. Furthermore, expression of

other auxiliary proteins may interfere with expression of

these host factors. Determination of the exact mechanisms

and functions of these molecules in ATLL patients will forge

a path for the establishment of alternative strategies for the

treatment or prevention of ATLL. Taken together, there is no

doubt that the clinicopathological features in HTLV-1-in-

fected individuals are dependent on viral, host, and envi-

ronmental factors, and interaction among these parameters in

each individual may determine the development of disease.

ICAM-1 and VCAM are promising targets for therapeutic

intervention due to their involvement in the inflammatory

and viral infectious processes, so it is important to under-

stand the precise mechanisms by which their expression is

regulated. In addition, considering that the exact roles of NO

produced by iNOS in genetic instability and DNA damage

during the leukemogenesis process seen in ATLL individu-

als have not been thoroughly understood, further studies are

required to determine the role of the NO pathway in the

pathogenesis of HTLV-1 and to establish the usage of iNOS

inhibitors as chemoprevention agents. Such information,

along with proviral load as the main prognostic factor for the

development of complications associated with HTLV-1,

could help guarantee a better understanding of HTLV-1

pathogenesis and may help to identify a possible therapeutic

target and vaccine.
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