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Introduction 
The first human retrovirus discovered was Human T-cell lymphotropic 
virus type I (HTLV-I), and the studies have revealed that 10-20 million 
people are infected with HTLV-I all over the world. [1] HTLV-I is 
endemic in certain regions of the planet such as south of Japan, Sub-
Saharan Africa, Caribbean countries and Brazil. It was concluded in 
1992 that north of Khorasan (a province at north-east of Iran) could be 
an endemic area for HTLV-I infection. [2] HTLV-I can be transmitted 
through three main routes: 1-mother-to-child transmission by breast-
feeding is one the main modes of HTLV-I transmission. 2-sexual 
contact is another way for HTLV-I transmission. 3-the third mode of 
HTLV-I transmission is blood transfusion. A factor playing the role of 
infectious agent is the proviral DNA in donors’ blood lymphocytes. 

[3] It has been dem-onstrated that HTLV-1 is the etiological agent of 
adult T cell leukemia (ATL) and a progressive neurological disease 
called HTLV-I associated myelopathy/tropical spastic paraparesis 
(HAM/TSP). This neurological disease reveals itself as a progressive 
and slow spastic paraparesis without remission. The vast majority of 
individuals infected by HTLV-1 are clinically asymptomatic; less than 
5% of infected individuals develop HAM/TSP. [4]

The fundamental mechanisms of the HAM/TSP etiopathogenesis in 
people infected by HTLV-I are not fully understood. Both viral factors 
and host genetic background may affect the outcome of HAM/TSP in 
HTLV-I infection. HTLV-I virus type in Mashhad, Iran is the same as 
that found in Japan. However, there is no clear evidence proving the 
association between HTLV-I variants and vulnerability to HAM/TSP. 
While an amino acid substitution in the Tax protein (essential for viral 
transcription) has been suggested to increase the risk of developing 
HAM/TSP after HTLV-I infection, the Tax gene mutation is associated 
with to HTLV-I subtype rather than risk of HAM/TSP. [5]
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There is not any standard therapy for HAM/TSP. Several studies 
have suggested the application of anti-inflammatory drugs, immune 
modulator drugs and others. [6] Treatment options are generally divided 
into symptomatic and etiologic groups. Antispastic and anticholinergic 
agents, analgesics, physiotherapy, and the management of emotional 
and social problems fall into symptomatic management group. 
Etiological treatments comprise corticosteroids, cytotoxic agents, 
interferon alpha, plasma exchange (PE), and other immunomodulatory 
agents like Danazol, Erythromycin, Phosphomycin, Sulphasalazine, 
and Pentoxyphillin. Because of the more rapid progress of the disease 
during the first year, early treatment during this period provides the 
chance of improvement. [7]

This study was conducted to evaluate the effect of sodium valproate 
in combination with Peg- IFN and prednizolone on proviral load and 
inflammation factors in patients with HAM/TSP.

Materials and Methods
Study design 

The cross-sectional study Via primary investigation among 68 new 
case HAM/TSP patients, 10 patients who referred to neurology clinic 
of Ghaem Hospital of Mashhad were selected with related inclusion 
(being a new case, demonstration of virus occurrence in CSF, and lack 
of any contradiction for Peg-IFN administration such as cardiac failure, 
renal failure, hepatic disease, thrombocytopenia, anemia, leucopenia, 
pregnancy, breast-feeding, etc.) and exclusion (occurrence of further 
causes for paraparesis other than HTLV-1, presence of active hepatic 
disease, and the risk of renal failure) criteria. The disease was diagnosed 
in these persons by a neurologist according to WHO criteria. After 
taking consent and filling clinical and personal information checklists, 
10 cc of venous blood was taken and transported to Immunology 
Laboratory of Medicine Faculty of Mashhad University of Medical 
Sciences during less than six hours. To establish HTLV-1 infection, 
ELISA was conducted for all blood samples and if the result was 
positive, confirmed by PCR. Then, cerebrospinal MRI, vasculitis, and 
other tests were done to reject other causes of spastic paraparesis. To 
prove the presence of virus, the patients were subjected to cerebrospinal 
fluid puncture and included in the study according to Possioni et al. 
algorithm with a diagnosis of HAM/TSP. [8,9]

Treatment protocol

The patients were weekly visited by neurology resident in the clinic and 
injected with Peg-IFN (Pegasis, Roche, Germany with a dose of 180 
micrograms) up to 25 weeks and 10-20 mg/Kg/day of sodium valproate 
(orlept) and 5 mg/day of prednizolone were also prescribed for the 
patients during this period. During this time, blood count formula and 
hepatic functionality tests were exploited weekly in the first month, 
once two weeks in the second and third months, and monthly in the 
case of being normal, to examine potential complications. Thyroid 
functionality tests were performed at months 0, 3, and 6. [10]

Laboratory methods

At first, the peripheral blood lymphocytes (PBMCs) were isolated from 
the whole blood by Ficoll gradient centrifugation using ®Lympholyte-H 
solution. Tri-pure solution (tripure isolation kit, Roche) was used to 
extract the RNA. The integrity of RNA was examined by agarose 
gel electrophoresis. To detect the RNA, first it was converted into 
single stranded complementary DNA (cDNA) by the aid of reverse 
transcriptase (RT) and then, amplified by PCR. Random hexamer was 
exploited to synthesize cDNA and then, this cDNA was applied for real 
time PCR. H minus First Strand cDNA Synthesis KitRevertAidTM kit 
(Frementas) was used to synthesize cDNA. PCR was utilized to confirm 
correct cDNA synthesis and the result was visualized on agarose gel. [11]

Gene sequencing

GeneBank section of NCBI (http://www.ncbi.nlm.nih.gov) was the 
source used for providing the sequences of Rel-A, Creb, and IL-1 genes. 
Primer sequences were determined according to Table 1. 5 microliter 
of forward primer and 5 microliter of reverse primer related to Rel-A 
and Creb genes and 30 microliter of PCR product were sent to Bioneer, 
South Korea by Takapouzist Corporation.

Performing real time PCR by TaqMan method

Real time PCR by TaqMan method (Maser MixTaq Man, Japan) was 
utilized to measure expression level of Rel-A, Creb, and IL-1 genes in 
the samples before and after treatment. To attain the samples with the 
maximum expression level of Rel-A, Creb, and IL-1 genes, the reaction 
mixture was prepared for each gene as follows: 9 microliter of reaction 
mixture and 1 microliter of cDNA sample were added into each 
0.1-mililiter micro-tube special for Corbett device. After adjusting the 
thermal conditions for the reaction, the micro-tubes were place in the 
Corbett device. All real time PCR experiments were conducted using 
Rotor Gene Q (Qiagen, Germany). Thermal cycles in TaqMan method 
were of two-step type. The PCR program was as follows: a) the first 
cycle: 95°C for 10 minutes; b) 40 to 45 cycles: 95°C for 15 seconds, 
60°C for 60 seconds, and reading the green fluorescence at 60°C. 

Comparative analysis of gene expression 

Comparative analysis of gene expression was carried out by the aid 
of Standard Curve Method. In this method, the values of unknown 
sample were resulted from plotting standard curves for the desired 
gene and normalized using the resultant values for the desired genes. 
Therefore, the acceptable standard curve was depicted for target genes. 
After acquiring the sample concentrations, data for the desired gene 
was normalized using the values for the desired genes. Then the values 
for the desired genes were compared for the desired genes among test 
groups. 

Measurement method for proviral load level

Since the viral genome is inserted into the host genome, proviral load 
measurement requires DNA extraction from patient’s lymphocytes. 
In this study, the extraction kit Genetbio PrimePrep Genomic DNA 
Isolation Kit from Blood Cat. No. K-2000 was utilized. Novin Gene kit 
was exploited to assess proviral load level. In the kit, the occurrence 
frequency of TAX and LTR regions from proviral genome is divided 
into the albumin gene frequency against the standard curve with five 
defined concentrations that are commercially provided and have fixed 
copy numbers. Both copies of albumin gene are considered equal to 
one cell. The number of copies resulted are reported in the 104PBMC 
value. Two extraction-based calculation methods can be used in this 
kit: in the first method, with isolation of PBMCs from peripheral blood 
by ficoll; and in the second method, by the extraction of DNA from 
whole blood in which CBC must be done for the patient and HTLV-I 
titer× 100/Cell titer× (% Lymphocyte+Monocyte) formula must be 
applied for calculating viral load. In the present investigation, the first 
method was used for determination of viral load. 

Result analysis

Radiation channel of green color was related to HTLV-1 and Radiation 
channel of red color was related to albumin. Because the last Ct 
standard is about 40, all samples uprising below this Ct were reported 
as positive. [12] 

Statistical calculations

All data were presented as mean value ± standard deviation. Alteration 
percent in values of Rel-A, Creb, and IL-1 genes was calculated for 
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Figure 1: Evaluation of the extracted RNA molecules on agarose gel.

Figure 2: The synthesized cDNA related to Rel-A gene.

Table 1: Primer and probe sequences used in quantitative real-time polymerase chain reaction.
Targeted gene Sequence (5’ to 3’) Purpose Product size (Base pairs)

Rel‑A ACCCCTTCCAAGTTCCTATAGAAGAG Forward 145
CGATTGTCAAAGATGGGATGAGAAAG Reverse

ACTACGACCTGAATGCTGTGCGGCTCT probe
Creb ACTCCAAAAGTAAAGTCCCGTTAC Forward 90

TCCAAAGAAACAGGAAGCAGATTG Reverse
TTCTCCTCCCACCGCCCTTGTCCC probe

IL‑1 CTGGACCTCTGCCCTCTG Forward 78
CAGCATCTTCCTCAGCTTGTC Reverse

ACGAATCTCCGACCACCACTACAGCAA probe

Table 2: Summarizes real time PCR results for Rel-A, Creb, IL-1 and HTLV-1 proviral load in samples before and after treatment.

Patient
number Sex

Age
(years)                                                                                                                                               

                                       

Rel-A expression
(Copy Rel-A/β2 m × 

1000)

Creb expression
(Copy Creb /β2 m 

×1000)

IL-1 expression
(Copy IL-1/β2 m × 1000) HTLV-1 proviral load

Before After Before After Before After Before After
1 F 32 71.1 9.8 536.4 52.1 186 0.5 547 254
2 M 57 6.2 4 28 1.1 0.1 0.7 293 925
3 F 27 98 21.5 473.6 47.4 0.2 130 520 62
4 F 27 1276 7.1 1.2 27 664 4.5 2166 1822
5 M 20 1.9 12.8 1.3 17.5 0.03 0.6 1893 969
6 F 31 12.9 2.3 1.7 13.2 0.006 0.38 3802 1295
7 M 62 8.7 3 4.4 23.6 110 18.4 1520 732
8 M 54 1.8 67.3 4 76.1 398 0.8 769 378
9 F 52 8 12.5 1.4 0.9 1.7 0.6 638 429
10 F 58 1.9 6 21.1 1.1 0.1 0.57 751 284

patients’ samples before and after treatment. Statistical analysis was 
conducted using SPSS 19 software. Initially Colmogrov-Smirnov 
statistical test was utilized to determine whether the data were 
parametric or non-parametric. Wilcoxon tests were used to analyze 
non-parametric data and for analyzing parametric data, t-test method 
was exploited.

Results
Evaluation of the extracted RNA on Agarose gel and 
quality examination for cDNA

Figure 1 demonstrates an example of evaluation of the extracted RNA 
molecules on agarose gel that was done for all samples. PCR reaction 
was conducted to examine the quality of the synthesized cDNA 
molecules and an example of this is represented in Figure 2.

Age & gender of the studied patients

Age distribution of 10 studied HAM/TSP patients shows that 4 males 
and 6 females had the average age of 42, standard deviation was 15.9, 
the maximum was 62 and the minimum age was 40 [Table 2].

Rel-A gene expression and statistical analysis of its 
real time PCR results before and after treatment

Table 2 summarizes real time PCR results for Rel-A gene in samples 
before and after treatment and these data have been normalized using 
β2-microglobolin gene. The expression of Rel-A gene before treatment 
with mean value of 148.6, standard deviation of 19.3, minimum 
expression level of 1.8 and maximum expression value of 1276 was 
compared to the expression of this gene after treatment with mean 
value of 14.63, standard deviation of 397.5, minimum expression level 
of 2.3 and maximum expression value of 67.3. Although the mean 
value for the expression of this gene has decreased after treatment, 
this difference was not statistically meaningful because the data were 
parametric (p-value=0.31). 

Creb gene expression and statistical analysis of its 
real time PCR results before and after treatment

Table 2 summarizes real time PCR results for Creb gene in samples 
before and after treatment and these data have been normalized using 
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β2-microglobolin gene. The expression of Creb gene before treatment 
with mean value of 107.3, standard deviation of 210.3, minimum 
expression level of 1.2 and maximum expression value of 536.4 was 
compared to the expression of this gene after treatment with mean value 
of 26, standard deviation of 25.3, minimum expression level of 0.9 and 
maximum expression value of 76.1. Although the mean value for the 
expression of this gene has decreased after treatment, this difference 
was not statistically meaningful because the data were parametric and 
paired T-test was exploited (p-value=0.22).

IL-1 gene expression and statistical analysis of its 
real time PCR results before and after treatment

Table 2 summarizes real time PCR results for IL-1 gene in samples 
before and after treatment and these data have been normalized using 
β2-microglobolin gene. The expression of IL-1 gene before treatment 
with mean value of 136, standard deviation of 226.3, minimum 
expression level of 0.006 and maximum expression value of 664 was 
compared to the expression of this gene after treatment with mean 
value of 15.7, standard deviation of 40.5, minimum expression level 
of 0.38 and maximum expression value of 130. Although the mean 
value for the expression of this gene has decreased after treatment; this 
difference was not statistically meaningful at assurance level of 95% 
(p-value=0.1), but because of being at assurance level of 90%, it should 
be investigated in a larger population.

HTLV-1 viral load

The patients’ viral load before treatment has the BMCs Copies/mean 
value of 1289.9, standard deviation of 546.7, the minimum value of 
62, abd the maximum load of 1822. The normalization of results was 
carried out via Colmogrov-Smirnov statistical test and paired T-test 
was exploited because the data were parametric. Statistical analysis 
confirms that the difference between viral load before and after the 
treatment is meaningful (p=0.02). In comparison of viral load before 
and after treatment, the correlation between them was determined to be 
up to 0.71 [Table 2].

Discussion
HAM/TSP is a progressing chronic neurological disease causing 
axonal damage in the brain and spinal cord. Most of cells participating 
in immune responses are CD4+ T lymphocytes, CTLs and monocytes 
able to pass through the blood-brain barrier and to reach the cerebral 
parenchyma. Infiltrated cells cause the beginning of immune response 
after migration to the central nervous system and its outcomes affects 
the neurons and causes axonal damage and gradual demyelination. 
Axonal and neural destruction is associated with neurological 
disorders in HAM/TSP patients. The exact mechanisms of these 
destructive responses are unclear, but it is assumed that mechanisms 
such as inflammatory-environment-caused lateral destruction and the 
mechanism of gradual demyelination has a role in these disorders. 
However, the exact pathophysiology is not known and therefore, the 
effective treatment is controversial. [1] Valproate (VPA) is the center 
of attention nowadays. This compound causes the intense histone 
acetylation and as a result, activation of transcription from five 
promoters of HTLV-1 viral genome. [13] Several reports have pointed the 
effect of valproate on the immune system. Many studies demonstrate 
serum immunoglobulin depletion by valproate, [14,15] while some studies 
have shown that valproate inhibits the production of TNF-α and IL-6 
in LPS-stimulated THP-1 cells (in-vitro) and causes the repression of 
NF-κB migration to the nucleus. This repression of NF-κB migration to 
the nucleusis not dependent on IκB-α maintenance. Decreased NF-κB 
expression in glioma cells has also been observed. [16]

Monocytes play an important role in inflammatory reactions through 
the production of pro-inflammatory cytokines. The glial cells pay a 
similar inflammatory role in the central nervous system. Noting that 

valproate blocks the activation of NF-κB in both blood monocytes and 
neural glial cells, decreased expression of this protein in monocytes 
is extensible to glial cells. With the inhibitory effect of valproate on 
NF-κB, we should naturally expect the decreased expression of pro-
inflammatory cytokines, especially IL-1, TNF-α, and IL-6. As the 
average expression of Rel-A gene decreased in the present study (from 
148.6 to 14.6), the average expression of IL-1 gene also has decreased 
after treatment (from 136 to 15.7). Other investigations have proved 
the effect of valproate on inflammation and the cells involved in 
inflammation.

The effect of valproate as a histone deactylase-blocking drug in rats 
buffering from an MS-like disease called EAE (some kind of neural 
inflammatory disease similar to HAM/TSP) causes the depletion of 
Th1 and Th2 cells, which play an important role in inflammation. [17]

Valproate administration has been reported safe in patients suffering 
from HAM/TSP. [18] It has also been determined that this drug causes 
increased expression of viral genes because of its histone deactylase-
blocking properties and as a result, makes the viruses recognizable 
for the host immune system. Through stimulation of CTLs, the host 
immune system makes the HTLV-1-infected CD4+ T cells destroy. 
This process leads to the decreased viral load. [13] In another work, 
expression of Tax protein in cultivated infectious cells altered from 1.5 
in the absence of valproate to 2.3 in its presence. While the expression 
of HBZ protein decreased. [18] HBZ protein is a transcription suppressor 
of viral genes that acts via Tax. This suppressive property takes 
place by intervening in the activity of Creb transcription factor and 
it’s joining protein. [19] Since the mean expression of Creb genes has 
decreased after treatment in this study, this decreased expression can be 
justified by depletion of expression of HBZ genes caused by inhibitory 
effects of valproate. The primary examinations showed evidence of a 
relationship between valproate treatment and HTLV-1 viral load and an 
idea that decreased viral load makes the clinical symptoms adjusted, 
was the motivation for several investigations in this realm. [19] Valproate 
treatment in HAM/TSP patients increases the HTLV-1 viral load in 
peripheral during the initial weeks. [13] In addition, azidothymidine 
(AZT) treatment restrains virus production and combinatory treatment 
of AZT along with valproate rather than valproate alone, strongly 
decreases the viral load in STLV-1 (simian model of HTLV-1). [20]

Accordingly, viral load depletion is meaningfully observed in HAM/
TSP patients taking this drug. In these studies, muscular spasticity has 
been decreased following viral load decline. [13] Although the viral load 
decline is expected in treatment with valproate in HAM/TSP patients, 
in some cases this depletion has not been reported; for instance, in 
an investigation by Olindo et al. in 2011, valproate treatment in 19 
HAM/TSP patients resoled in non-significant effect on viral load and 
lethality of CD8+ cells and only the walking time had been increased 
significantly in 3 patients. Because of 24-month treatment with 
valproate, their survey proved the safety of valproate in these patients. [21]

In accordance with other studies based on depletion of viral load, in 
this study, this case showed a significant decrease after combinatory 
treatment (p=0.02). Since these is not yet clear that why some HTLV-1 
carriers suffer from HAM/TSP, it seems that the immunological factors 
related with this virus play the major role in the disease pathology. 
Therefore, treatment with immunomodulatory drugs like interferon-α 
can cause alteration in the course of disease. It is well accepted 
that interferon α (IFN-α), is a cytokine with strong antiviral, anti-
multiplication, and immunomodulatory effects. Interferon α is the main 
responsive cytokine for amplifying CD8+cell response and resistance 
against viral infections. Furthermore, it is a Th1 cell regulator with an 
important role in development of immune responses. [22]

Several studies have focused on examination of the effect of interferon 
α on HAM/TSP patients and its effects on disease symptoms and 
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viral load. Multiple investigations have confirmed the safety and 
effectiveness of interferon α. [23-25] Depletion of Th1 cells with 
administration of interferon α has been observed in a number of 
studies conducted in HAM/TSP patients. A four-week administration 
of interferon α in 9 HAM/TSP have decreased CCR5+ and Th1 cells 
significantly in patients’ cerebrospinal fluid and blood. Reduction in 
IFN-γ+ cells to IL-4+was also observed in these patients. Therefore, 
depletion of Th1 cells (pathological agent of this disease) was observed. 

[26] Nakagava and coworkers prescribed different drugs for examining 
clinical symptoms in 200 patients suffering from HAM/TS; among 32 
patients who had muscularly injected interferon α, 20 patients showed 
weak to high alterations on kinetic symptoms. [27] 

In the present investigation that takes the benefit of interferon α 
combinatory treatment, the viral load shows significant depletion 
after the treatment (p=0.02). One reason that interferon α is known 
as an immunomodulator drug, is its effect on the production of other 
cytokines. Accordingly, an investigation eas conducted in the field of 
effects of type one interferon on the production of IL-1. This study 
determined that type one interferons strongly suppress IL-1 production. 
This suppression is exerted via blocking the activity of inflammasomes 
NLRP1 and NLRP3, which play a role in pro-IL-β maturation pathway 
and stimulate STAT3 via promoting IL-10 production and depletion 
of Pro-IL-1α and Pro-IL-1β. [28] Also the decreased expression of IL-1 
genes in this study may be caused by blocking inflammasomes.

Prednizolone is one of immune-suppressor drugs with several 
applications in multiple sclerosis (MS) and other autoimmune 
diseases and some studies have been conducted in the field of 
administering this drug for HAM/TSP patients. In an investigation on 
23 patients suffering from HAM/TSP with intra-muscular injection of 
methylprednizolone,the limited effect of drug was observed in patients; 
so that one of the studied patients who had the symptoms onset only 5 
months ago, showed some extent of improvement in clinical symptoms. 
At the end of that study, it was suggested that methylprednizolone was 
proper for administrating in patients who had already onset the clinical 
symptoms. [29] Prednizolone administration as an immonomodulator 
was also investigated in HAM/TSP patients and clinical symptoms 
such as musculat tension and paraesthesia returned to the normal state. 
This drug generally relives the disease symptoms. [30]

Prednizolone effect has also been demonstrated on the expression 
of immune system genes. Intravenous administration of 
methylprednizolone in patients suffering from multiple sclerosis (MS) 
is similar to HAM/TSP in terms of inflammation emerged in the central 
system and decreased expression of immune system has been observed. 

[31] Methylprednizolone decreases the plasma levels of cytokines IL-6, 
TNF-α, and IL-1β. [32] This depletion of inflammatory cytokines takes 
place because of blockage of NF-κB activation by triggering increased 
κB-α synthesis. [33,34] The effect of methylprednizolone on depleted 
levels of activated Rel-A protein (a subset of transcription factor NF-
κB) shows decreased level of pro-activating inflammatory factor. [35]

Conclusion
I this research combination of sodium valproate, Peg-IFN and 
prednizolone seems an effective treatment for proviral load and 
relatively efficient for damaging inflammatory factors of HAM/TSP.
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