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Abstract 

Background  HTLV-1 is a worldwide distribution retrovirus with 10–20 million infected individuals. ATLL is an Adult 
T-cell leukaemia lymphoma caused by aggressive T-cell proliferation that is infected by HTLV-1 and is associated 
with an inferior prognosis. The exact molecular pathogenesis has yet to be fully understood. CREB, a transcription 
factor, acts as a molecular switch that controls the expression of numerous genes in response to various extracellular 
signals. Its activation is primarily mediated through phosphorylation by multiple kinases, including MAPKs. MAPKs, 
a family of serine/threonine kinases, serve as crucial mediators of intracellular signaling cascades.

Method and material  This study investigated, 38 HTLV-I-infected individuals, including 18 HTLV-1 asymptomatic 
carriers (ACs) and 20 ATLL subjects. mRNA was extracted and converted to cDNA from Peripheral blood mononuclear 
cells (PBMCs), and then the expression of TAX, HBZ, CREB, and MAPK was analyzed by TaqMan qPCR. The genomic 
HTLV-1 Proviral loads were examined among the study group.

Results  The data analysis showed a significant difference in the mean of CREB expression amongst study groups 
(ATLL and carriers, (p = 0.002). There is no statistical difference between the MAPK gene expression (p = 0.35). HBZ, TAX, 
and HTLV-1 proviral load weree significantly higher  in ATLL subjects compared to  ACs  (p = 0.002, 0.000, and 0.000), 
respectively. Moreover, our results, demonstrated a direct positive correlation among HBZ, CREB, and TAX gene 
expression in ATLL patients (p = 0.001), whilst between the  ACs, TAX gene expression had a positive significant cor-
relation with HBZ and HTLV-1 proviral load (p = 0.007 and p = 0.004, respectively).

Conclusion  The present study demonstrated that CREB gene expression was higher in the ATLL group than ACs, 
while there was no difference for MAPK. Therefore, this pathway may not strongly involve in the activation of CREB. 
The CREB may be a prognostic factor for the development of HTLV-I-associated diseases and can be used as a moni-
toring marker for the efficiency of the therapeutic regime and prognosis.
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Introduction
HTLV-1 belongs to the Retroviridae family and is trans-
mitted primarily through sexual contact, blood trans-
fusion, or from mother to child via breastfeeding [1]. 
The virus primarily targets CD4 + T cells and integrates 
its genetic material into the host genome [2]. HTLV-1 
has a long latency period, with symptoms typically 
manifesting after several decades of infection [3]. This 
retrovirus is estimated to infect more than 10 million 
people worldwide [2, 3]. While the majority of indi-
viduals infected with HTLV-1 remain asymptomatic 
carriers, a small percentage can develop into severe 
complications, including adult T-cell leukemia/lym-
phoma (ATLL), HTLV-1 associate uveitis, and HTLV-
1-associated myelopathy/tropical spastic paraparesis 
(HAM/TSP) [3, 4]. Adult T-cell Leukemia/Lymphoma 
(ATLL): ATLL is a rare and aggressive form of T-cell 
lymphoma. It is characterized by uncontrolled prolif-
eration of infected CD4 + T cells and can affect vari-
ous organs, including the skin, lymph nodes, liver, and 
spleen. ATLL is associated with a poor prognosis, and 
treatment options are often limited. [5, 6].

HTLV-1 is the retrovirus that encoded several regula-
tory proteins which interfere with cellular processes, 
leading to uncontrolled cell proliferation and evasion of 
immune surveillance [7, 8]. These viral proteins, includ-
ing The HTLV-1 transactivator protein Tax and HTLV-1 
bZIP factor (HBZ), play crucial roles in modulating cellu-
lar signaling pathways and altering gene expression, con-
tributing to the development of ATLL [6, 9].

The Mitogen-Activated Protein Kinase (MAPK) and 
cAMP response element-binding protein (CREB) sign-
aling pathways play crucial roles in various cellular pro-
cesses, including cell growth, survival, differentiation, 
and gene expression [10, 11]. These pathways serve as 
critical regulators of physiological and pathological con-
ditions, making them subjects of extensive research [12, 
13].

The MAPK pathway consists of a cascade of protein 
kinases that transmit signals from cell surface receptors 
to the nucleus, where they regulate gene expression. The 
three major MAPK subfamilies are extracellular signal-
regulated kinases (ERK), c-Jun N-terminal kinases (JNK), 
and p38 MAPK [14, 15].

Various extracellular stimuli, including growth fac-
tors, cytokines, and stress signals, activate this pathway. 
Upon activation, MAPKs phosphorylate downstream tar-
gets, such as transcription factors, leading to alterations 
in gene expression and cellular responses [10, 16]. The 
ERK pathway is primarily associated with cell growth and 
proliferation, while JNK and p38 MAPK pathways are 
involved in stress responses, inflammation, and apoptosis 
[10, 17].

CREB is a transcription factor that regulates gene 
expression in response to a diverse range of extracellu-
lar signals. It is involved in numerous cellular processes, 
including neuronal plasticity, metabolism, cell survival, 
and immune responses [18, 19].

CREB is activated by various kinases, including protein 
kinase A (PKA) and MAPKs, phosphorylating a specific 
site (Ser133) [20, 21]. Upon activation, phosphorylated 
CREB binds to cAMP response elements (CREs) in the 
promoter regions of target genes, modulating their tran-
scription [20, 21]. CREB regulates the expression of genes 
involved in cell survival, synaptic plasticity, and memory 
formation [19, 21].

The MAPK pathway can activate CREB through the 
phosphorylation of CREB by ERK or other MAPKs [15, 
17]. Conversely, CREB can influence MAPK signaling by 
regulating the expression of MAPK pathway components 
or interacting with MAPK signaling intermediates. This 
crosstalk allows for the integration and coordination of 
signaling events, leading to precise cellular responses.

Dysregulation of MAPK and CREB pathways plays 
a significant role in cancer development [15, 17]. Aber-
rant activation of MAPKs, particularly ERK, is commonly 
observed in various cancers, promoting cell proliferation, 
survival, and metastasis [15, 17]. CREB is also implicated 
in cancer progression, as it regulates the expression of 
genes involved in tumor growth and angiogenesis [21, 
22].

Altered MAPK and CREB signaling have been associ-
ated with neurodegenerative diseases, including Alzhei-
mer’s disease, Parkinson’s disease, neuroblastoma, brain 
tumor, and Huntington’s disease [19, 23, 24]. Dysregu-
lated MAPK signaling contributes to neuronal death and 
impaired synaptic plasticity, while altered CREB activity 
affects memory formation and cognitive functions.

Ongoing research efforts aim to unravel the mecha-
nisms underlying HTLV-1 pathogenesis, improve 
diagnostic tools, and develop targeted therapies. Under-
standing the intricate interaction between HTLV-1 
and the host immune system is crucial for developing 
effective treatment strategies, vaccines, and preventive 
measures. Additionally, efforts to raise awareness about 
HTLV-1 transmission and promote safe practices are 
essential to prevent new infections. Therefore, this study 
aims to investigate the involvement and significance of 
the MAPK and CREB signaling pathways in the patho-
genesis of Adult T-Cell Leukemia/Lymphoma (ATLL) 
patients.

Method and material
Collection of samples
The study included 20 new cases of ATLL patients who 
had not received any prior therapeutic regimen at the 
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time of the investigation and 18 HTLV-1 healthy carriers 
who were referred to the hematology-oncology depart-
ment of Ghaem and Imam Reza hospitals in Mashhad, 
Iran, between January 2018 and December 2021. All 
included patients were matched by age and gender.

PBMCs and RNA extraction
Blood samples were collected from all participants before 
any treatment or chemotherapy. The peripheral blood 
mononuclear cells (PBMCs) were isolated from the blood 
using the ficoll gradient method, and RNA was extracted 
from the PBMCs using Trizol reagents (Lymphodex 
INNO-TRAIN, company Cat Num 002 041 600).

cDNA synthesis
To prevent contamination, the extracted RNA was 
treated with DNase before converting it to cDNA. 
The integrity of the RNA was confirmed using spec-
trophotometry and electrophoresis. Complementary 
DNA (cDNA) was synthesized using random primers 
and reverse transcriptase (Cat Num: K-2046.Bioneer). 
According to the manufacturer’s protocol, the reaction 
conditions were 30 s at 24 °C, 4 min at 44 °C, and 30 s at 
55 °C. These conditions were repeated 12 times, and the 
reaction stopped at 5 min 95 °C. The synthesis procedure 
was confirmed using GAPDH primers.

HTLV‑1 proviral load and gene expression measurement
Specific primers for the genes of interest (TAX, HBZ, 
CREB, and MAPK) were designed using Allele ID soft-
ware (Table  1). Real-time PCR (TaqMan method) was 
performed by Real-Time PCR Thermocycler Qiagen Q 
using the AccuPower® Plus DualStar™Master Mix (2X, 
Cat Num: K-6603) and the designed primer sets. All sam-
ples were analyzed in duplicate, and the expression of the 
β2 Micro globulin gene was used as a reference.

The PCR reaction involved heating the sample at 95 °C 
for 4 min, followed by 45 cycles of denaturation at 94 °C 
for 15  s, annealing at the optimal temperature for 20  s, 
and extension at 72 °C for 20 s.

To measure the proviral load of HTLV-I, PBMCs were 
isolated from blood samples treated with EDTA. Real-
time PCR was performed using a commercial kit (Novin 
Gene, Iran) to quantify the HTLV-I proviral load. Spe-
cific primers and a fluorogenic probe were used, and the 
HTLV-I copy number was determined by comparing it 
to the albumin gene as a reference. The HTLV-I proviral 
load was expressed as the number of HTLV-I proviruses 
per 104 PBMCs.

Statically analysis
Statistical analysis was conducted using SPSS version 
18. The mean ± SD values were presented, and statistical 
methods such as Mann–Whitney and Spearman analy-
sis were used to compare the differences between the 
ATLL group and the healthy control group. A p-value 
of less than 0.05 was considered a statistically significant 
difference.

Ethical statement
The sampling protocols mentioned above were approved 
by the Research Ethics Committee of Mashhad Univer-
sity of Medical Sciences in Iran (ethical code: 910,679). 
All patients provided written informed consent.

Results
Clinical manifestation and demographic data
The average age of the ATLL patients was fifty-three 
years, while for the healthy carriers, it was forty-nine 
years.

Among the ATLL subjects, seventeen cases presented 
lymphoid gland involvement, five individuals had skin 
lesions, and six patients had immunodeficiency situa-
tions with a body temperature higher than 38.5 degrees 
centigrade. Only two patients exhibited both lymphad-
enopathy and skin lesions, and only one patient had both 
immunodeficiency and skin lesions at the same time. 
None of the patients in this study exhibited all three clini-
cal symptoms concurrently.

Table 1  Primer and probe of TAX, HBZ, CREB, MAPK, and β2 Micro globulin genes

Name of Gene’s interest Forward Primer (5′–3′) Reveres Primer (5′–3′) Probe (5′–3′)
Fam-BHQ1

TAX ATC​CCG​TGG​AGA​CTC​CTC​AA CCT​GGG​AAG​TGG​GCC​ATG​ CAT​GCC​CAA​GAC​CCG​TCG​GAGG​

HBZ CTC​GAC​CTG​AGC​TTT​AAA​CTT​ACC​ CAT​GAC​ACA​GGC​AAG​CAT​CG CGG​ACG​CAG​TTC​AGG​AGG​CAC​CAC​

CREB ACT​CCA​AAA​GTA​AAG​TCC​CGT​TAC​ TCC​AAA​GAA​ACA​GGA​AGC​AGA​TTG​ TTC​TCC​TCC​CAC​CGC​CCT​TGT​CCC​

MAPK GAG​CAG​TAT​TAC​GAC​CCG​AGTG​ TCC​TTA​GGC​AAG​TCA​TCC​AAT​TCC​ AGC​CCA​TCG​CCG​AAG​CAC​CAT​TCA​

β2 Micro globulin TTG​TCT​TTC​AGC​AAG​GAC​TGG​ CCA​CTT​AAC​TAT​CTT​GGG​CTGTG​ TCA​CAT​GGT​TCA​CAC​GGC​AGG​CAT​
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Gene expression results
Viral pathogen markers
The qRT-PCR TaqMan method was applied to investi-
gate viral pathogen markers such as HBZ and TAX gene 
expression. The expressions of these transcription factors 
were normalized by dividing them by the reference gene 
(B2M). This normalization process allowed for the calcu-
lation of a Normalized Index (NI) for each gene of inter-
est in each sample.

Higher mRNA expression levels of the TAX gene were 
observed between the ATLL and healthy carrier groups, 
as shown in Fig. 1. The mean expression ratio of TAX to 
β2 microglobulin was 1.9 ± 1.6 NI in the ATLL group and 
0.007 ± 0.007 NI in the control group. Statistical analysis 
using the Mann–Whitney test revealed a significant dif-
ference in TAX gene expression between the two groups 
(CI 95%-p = 0.002). The TAX mRNA expression was only 
observed in 40 percent of ATLL patients, while minimal 
gene expression was identified in fifty percent of asymp-
tomatic carriers.

In addition, mRNA expression levels of the HBZ gene 
were increased among the ATLL compared to healthy 
carrier groups, as shown in Fig. 2. The mean expression 
ratio of HBZ to β2 microglobulin was 1.01 ± 0.6 in the 
ATLL group and 0.001 ± 0.0005 in the control group. 

Furthermore, statistical analysis revealed a highly sig-
nificant difference in HBZ gene expression among the 
study population (CI 95%-p = 0.000).

HTLV‑1 proviral load
The average HTLV-1 proviral load (PVL) in ATLL 
patients was 114.4 ± 37.7 copies/10 4 PBMCs (95% CI: 
0.53–590). This data suggests that some of the infected 
T cells have more than one copy of the HTLV-1genome.

In comparison, the average HTLV-I proviral load 
among Healthy Carriers was 5.3 ± 1.2 copies/10 
4PBMCs (95% CI: 0–13.3) (Fig. 3). These values indicate 
a significantly higher PVL and a significant difference 
in proviral load between the study population, as deter-
mined by Mann–Whitney analysis (p-value = 0.000).

Among all the measured viral markers, the TAX and 
HBZ have a direct positive correlation on their mRNA 
expression (R = 0.63, p = 0.001), while only HBZ dem-
onstrated a positive correlation with proviral load 
(R = 0.5, p = 0.003) (Fig. 4a–c) (Table 2).

Fig. 1  Gene expression of the Tax gene was found to be significantly 
higher in patients with ATLL compared to asymptomatic carriers 
(ACs) (p = 0.002, Mann–Whitney U test). Tax is a transcriptional 
activator of the PX region and is associated with Adult T cell Leukemia 
lymphoma (ATLL). HC: Healthy carrier

Fig. 2  Gene expression of the HBZ gene was found to be significantly 
higher in patients with ATLL compared to asymptomatic carriers 
(ACs) (p = 0.000, Mann–Whitney U test). HBZ is a transcriptional 
activator of the PX region and is associated with Adult T cell Leukemia 
lymphoma (ATLL). HC: Healthy carrier
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MAPK and CREB gene expression level
The mRNA expression levels of MAPK indicate non-
significant differences between ATLL and healthy car-
riers (Fig. 5). The mean of MAPK / β2 Micro globulin 
was 9.6 ± 8.3 NI and 0.25 ± 0.13 NI in ATLL and Healthy 
carriers, respectively, which indicates a higher gene 
expression level in the ATLL patients’ group. However, 
this value does not prove a statistically significant dif-
ference (CI 95% p = 0.351).

The CREB gene expression level was significantly 
higher in the ATLL group than in the asymptomatic 
carrier group (CI 95% p = 0.002) (Fig.  6). The mean of 
CREB/ β2 Micro globulin was 3.2 ± 1.3 and 0.27 ± 0.15 
in the ATLL and healthy carrier groups, respectively.

MAPK gene expression is directly correlated with 
CREB to increase gene activation and produce more 
mRNA synthetizes among all study groups (R = 0.48, 
p = 0.009) (Fig.  4d). In addition, the Spearman cor-
relation analysis for determining virus-host interac-
tion was done and demonstrated that only HBZ has a 
positive direct correlation with CREB gene expression, 
which indicates the acceleration of mRNA expression 
(R = 0.58, p = 0.001) (Fig. 4b).

Discussion
Adult T-cell leukemia/lymphoma (ATLL) is a rare and 
aggressive form of T-cell malignancy caused by human 
T-cell lymphotropic virus type 1 (HTLV-1) infection. The 
exact molecular aspects of HTLV-1 pathogenesis are not 
fully understood, but the role of two main viral proteins, 
TAX and HBZ, are demonstrated [6, 25]. These proteins 
can manipulate several signaling pathways, which can 
change the regular cell cycles and induce the malignant 
condition [26, 27]. Our findings demonstrated that both 
TAX and HBZ significantly increased in ATLL patients 
compared to asymptomatic patients. In addition, our 
results demonstrated that the TAX protein can only be 
expressed in less than half of patients, which may result 
from its excellent immune dominant properties. Fur-
thermore, the Spearman correlation examination proved 
that only HBZ gene expression has a direct relation with 
increasing HTLV-1 proviral load, while the TAX gene 
expression has a significant positive correlation with 
the HBZ gene. Therefore, the HTLV-1 can multiply its 
genome to produce the HBZ protein or mRNA then it 
led to less increase in TAX gene expression among ATLL 
patients.

The pathogenesis of ATLL also may involve dysregula-
tion of various signaling pathways, including the cAMP 
response element-binding protein (CREB) and mitogen-
activated protein kinase (MAPK) pathways. Our findings 
demonstrated that the CREB mRNA level is significantly 
increased within the ATLL patients and is often over-
expressed, leading to the upregulation of target genes 
involved in cell cycle progression, anti-apoptotic path-
ways, and immune evasion [19, 28].

Tax has been shown to contribute to the development 
of aneuploidy in HTLV-I-transformed cells. Aneuploidy 
refers to an abnormal number of chromosomes in a cell, 
which can have detrimental effects on cell division and 
function [29]. In a study conducted on CTLL cells stably 
expressing Tax, it was observed that these cells exhibited 
aneuploidy compared to a Tax clone deficient for CREB 
transactivation. These findings suggest that Tax transac-
tivation through the CREB/ATF pathway plays a role in 
the aneuploid phenotype [29]. Further analysis of altered 
genes in Tax-expressing cells revealed the presence 
of CREB/ATF consensus sequences. These genes had 
diverse functions, with subsets involved in G2/M phase 
regulation, particularly kinetochore assembly [29, 30]. 
Chromatin immunoprecipitation confirmed the presence 
of CREB, Tax, and RNA Polymerase II at specific gene 
promoters in Tax-expressing cells, further supporting the 
role of Tax in altering the transcription profile and con-
tributing to aneuploidy. The Spearman correlation results 
do not demonstrate the direct association between TAX 
and CREB expression. This may be because most of our 

Fig. 3  HTLV-1 proviral load was significantly higher in ATLL compared 
to healthy carriers (p = 0.000, Mann–Whitney U test). ATLL is Adult 
T-cell Leukemia lymphoma, and HC is a healthy carrier
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Fig. 4  Gene Correlation Analysis of TAX, HBZ, CREB, and MAPK in Relation to HTLV-1 Proviral Load. a Direct Positive Correlation Between TAX and HBZ 
in ATLL Patients. b Significant Positive Correlations Among HBZ, and CREB, among ATLL Study Group. c Positive Correlations of HBZ Gene Expression 
with and HTLV-1 Proviral Load in ATLL subjects. d Significant Positive Correlation Between MAPK and CREB in ATLL patients. To better demonstrate 
we considered log10 index for gene expression values

Table 2  The gene expression correlations are demonstrated in the table

The significant correlations are bolded to better identification. **Correlation is significant at the 0.01 level (2-tailed)

Gene Expression Correlations TAX/B2 HBZ/B2 Viral Load CREB/B2 MAPK/B2

Spearman’s rho TAX/B2 Correlation Coefficient 1.000 0.636** 0.203 0.264 0.144

Sig. (2-tailed) . 0.001 0.354 0.224 0.533

N 25 22 23 23 21

HBZ/B2 Correlation Coefficient 0.636** 1.000 0.507** 0.585** 0.187

Sig. (2-tailed) 0.001 . 0.003 0.001 0.394

N 22 38 33 27 23

Viral Load Correlation Coefficient 0.203 0.507** 1.000 0.294 -0.248

Sig. (2-tailed) 0.354 0.003 . 0.109 0.211

N 23 33 41 31 27

CREB/B2 Correlation Coefficient 0.264 0.585** 0.294 1.000 0.484**

Sig. (2-tailed) 0.224 0.001 0.109 . 0.009
N 23 27 31 33 28

MAPK/B2 Correlation Coefficient 0.144 0.187 -0.248 0.484** 1.000

Sig. (2-tailed) 0.533 0.394 0.211 0.009 .

N 21 23 27 28 29
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patients did not present flower-like cells in their periph-
eral blood smears.

Tax is known to recruit the human transcriptional 
coactivator and histone acetyltransferase p300/CBP 
to the HTLV-I promoter, aiding in viral replication and 
pathogenesis [29]. The interaction between Tax and the 
KIX domain of p300/CBP has been extensively studied 
[31]. Circular dichroism spectroscopy, nuclear magnetic 
resonance chemical shift perturbation mapping, and 
sedimentation equilibrium analysis have shed light on 
the structural features of this interaction [29, 31]. The 
Tax-binding surface of the KIX domain is distinct from 
that utilized by cellular transcription factors, demon-
strating the specific interaction between Tax and p300/
CBP. Moreover, it has been shown that Tax and the phos-
phorylated KID domain of CREB can simultaneously 
bind to the KIX domain, forming a ternary complex [31]. 
These findings provide a molecular understanding of the 
recruitment of p300/CBP by Tax and phosphorylated 
CREB, which is crucial for Tax-mediated gene expression.

We found that CREB mRNA has a direct accumulative 
correlation with HBZ gene expression statutes. There-
fore, the HBZ can induce the CREB mRNA transcription 
to manipulate the cell signaling pathway and activate its 

related transcription factors [32, 33]. Previous studies 
investigated the interaction between HTLV-1 viral pro-
tein and CREB signaling pathway. Their research revealed 
that HBZ and the CREB have an interaction both in vivo 
and in  vitro, and this interaction is facilitated through 
the bZIP domain present in each protein [34]. Addition-
ally, they observed that HBZ-bZIP also interacts with 
CREM-Ia and ATF-1, which possess significant similari-
ties in their bZIP domains compared to CREB [34]. This 
interaction between HBZ and CREB hinders the bind-
ing of CREB to the viral CRE elements, both in vitro and 
in vivo. These findings indicate that HBZ displaces CREB 
from a cellular CRE and suggest that HBZ may disrupt 
the regulation of CREB-dependent gene expression in 
cells.

Ma et al. in their study investigated the role of cAMP 
response element-binding protein (CREB) and mito-
gen-activated protein kinase (MAPK) in the patho-
genesis of adult T-cell leukemia/lymphoma ATLL 

Fig. 5  Gene expression of the MAPK gene was found to be higher 
in patients with ATLL but is not statically significant in comparison 
to asymptomatic carriers (ACs) (p = 0.351, Mann–Whitney U test). 
Mitogen-activated protein kinases are serine and threonine protein 
kinases. ATLL: Adult T cell Leukemia lymphoma. HC: healthy carrier

Fig. 6  Gene expression of the CREB gene was found to be 
significantly higher in patients with ATLL compared to asymptomatic 
carriers (ACs) (p = 0.002, Mann–Whitney U test). CREB or cAMP 
response element-binding protein is a cellular transcription factor 
and is associated with ATLL. HC: healthy carrier. ATLL: Adult T cell 
Leukemia lymphoma
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[35]. This study revealed that CREB is overexpressed 
in ATLL patients, leading to the upregulation of genes 
involved in cell cycle progression, anti-apoptotic path-
ways, and immune evasion [35]. Additionally, the con-
stitutive activation of the MAPK pathway, including 
ERK, JNK, and p38 MAPK, is observed in ATLL cells, 
promoting uncontrolled cell proliferation, survival, and 
evasion of apoptosis. While our study data suggest the 
higher expression of MAPK in ATLL patients, it seems 
this higher expression is not significantly different with 
control group and did not have any positive correlation 
with viral markers, therefore, this observed association 
between high MAPK expression and ATL requires fur-
ther validation in larger, prospective studies.

Our findings demonstrated that CREB and MAPK 
had an accumulative significant correlation with each 
other (p = 0.009). Despite the total mean MAPK gene 
expression level being higher in ATLL patients, it is 
not confirmed as a significant statistical difference 
(p = 0.351). Fukushima et  al. in investigated the rela-
tionship between interferon-gamma (IFN-gamma) 
expression, HTLV-I p19 antigen, and the activation of 
p38 mitogen-activated protein kinase (p38 MAPK) in T 
cell lines derived from patients with HTLV-I-associated 
myelopathy/tropical spastic paraparesis (HAM/TSP) 
and adult T cell leukemia (ATLL) [36]. The research-
ers observed that the expression of phosphorylated 
(activated)-p38 MAPK was significantly increased in 
the HAM/TSP-derived T cell lines (HCT-1 and HCT-
4), along with high levels of both IFN-gamma and 
HTLV-I p19 antigen expression [36]. In contrast, the 
ATLL-derived T cell lines did not exhibit such high 
levels of activated p38 MAPK [36]. Treatment with a 
specific inhibitor of p38 MAPK resulted in the suppres-
sion of IFN-gamma and HTLV-I p19 antigen expression 
in HAM/TSP-derived cell lines and peripheral blood 
CD4 (+) T cells of HAM/TSP patients. These findings 
suggest that the activation of the p38 MAPK signal-
ing pathway plays a role in the up-regulation of IFN-
gamma expression in HAM/TSP patients with a high 
HTLV-I proviral load.

Based on the results and findings, it seems that the 
HTLV-1 genome initiates its replication, leading to an 
overexpression of Tax. This protein manipulates the cell 
signaling pathways and drives the infected cell to induce 
malignancy. Since the Tax protein is a complex antigen, 
the host immune response attempts to eliminate the 
infected cells. As a result, the virus downregulates TAX 
expression to a minimum level and activates transcrip-
tion from the HBZ gene, thereby promoting cell prolif-
eration signaling pathways. The attachment of HBZ to 
the CREB promoter induces the overexpression of CREB 
mRNA, ultimately activating other related transcriptions 

such as MAPK. All of these activities may will prepare 
the infected cell to transform malignant T cell stages.

Conclusion
HTLV-1 infection represents a significant global health 
concern, with a small proportion of infected individu-
als developing severe complications such as ATLL and 
HAM/TSP. Understanding the transmission, clinical 
manifestations, and pathogenesis of HTLV-1 is crucial for 
early diagnosis, appropriate management, and ongoing 
research efforts. Continued research and collaboration 
are essential to improve patient outcomes, develop tar-
geted therapies, and ultimately eradicate HTLV-1-related 
diseases. The CREB and MAPK signaling pathways may 
play crucial roles in HTLV-1 infection and pathogenesis. 
Based on our findings it seems that Tax-mediated acti-
vation of CREB and MAPK pathways may promote cell 
growth, survival, and immune evasion, contributing to 
the development of ATLL and HAM/TSP. Understanding 
the intricate interplay between HTLV-1 and these signal-
ing pathways will provide insights into the mechanisms 
of viral persistence and cellular transformation and need 
for further prospective studies with larger sample size. 
Furthermore, we suggested that targeting MAPK-CREB 
pathways may offer potential therapeutic avenues for 
the management and treatment of HTLV-1-associated 
diseases.
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