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Abstract. human t-cell leukemia virus type-1 (htlV-1) causes 
adult t-cell leukemia and htlV-1-associated myelo-pathy/ 
tropical spastic paraparesis. htlV-1 is mainly transmitted 
through blood transfusion and breastfeeding, but viral prolifera-
tion in the body in vivo shortly after transmission is not well 
understood. To investigate whether the route of infection influ-
ences the early stages of viral proliferation, we inoculated 
BalB/c mice with mt-2 cells, an htlV-1-producing human 
t-cell line, via different routes, and evaluated the proviral load 
and humoral immune responses. One month after infection, the 
provirus was detected in most organs of the mice infected intrap-
eritoneally, and substantial proviral loads were detected in the 
peripheral blood and secondary lymphoid organs. in contrast, 
the mice infected intravenously and orally showed low proviral 
loads, and the provirus distribution was limited to the spinal cord 
among the intravenously inoculated mice and to the liver among 
the perorally inoculated mice. mice infected intraperitoneally 
also exhibited higher interleukin-2 production than the mice 
infected intravenously or orally, or than the uninfected control 
mice, while anti-htlV-1 antibody titers were comparable 
between the mice infected intraperitoneally and intravenously. 
these results demonstrate that the route of primary htlV-1 
infection influences the establishment of HTLV-1-infected cell 
proliferation and the cell reservoir in mice.

Introduction

human t-cell leukemia virus type 1 (htlV-1) causes various 
diseases such as adult t-cell leukemia/lymphoma (atl), 

htlV-1-associated myelopathy/tropical spastic paraparesis 
(ham/tSp), uveitis and arthropathy (1). htlV-1 transmis-
sion mainly occurs through blood transfusion, sexual contact, 
breastfeeding or intrauterine transfer (2). however, not all 
individuals exposed to htlV-1 develop persistent infection. 
previous reports have indicated that approximately 60% of 
individuals who received infected blood or blood components 
and 15-30% of breast-fed children born to infected mothers 
developed htlV-1 infection (3). in the early phase of infec-
tion, patients hold only a small percentage of htlV-1 provirus 
loads in peripheral blood. in asymptomatic carriers, proviral 
load is maintained for a long period, and it is currently difficult 
to eradicate the infected cells. importantly, high proviral loads 
in asymptomatic carriers are associated with the onset of atl 
(4) and the progression of motor disability associated with 
ham/tSp (5). in addition, a high level of htlV-1 provirus 
load in circulating lymphocytes of htlV-1 carriers is a risk 
factor for htlV-1-related diseases (6-8). however, the lack 
of knowledge of early events of htlV-1 spread in vivo has 
hindered an understanding of viral infections.

We previously inoculated mice intraperitoneally with 
mt-2 cells and reported that htlV-1 provirus was integrated 
into the mouse genome, and that htlV-1-infected mouse cells 
were distributed in various organs in the mice (9-12). the 
aim of the present study was to examine whether the route of 
viral infection affects htlV-1 proliferation and host immune 
response after primary htlV-1 infection.

Materials and methods

Cells and animals. mt-2 cells, an htlV-1-infected human 
t-cell line (13), were cultured in rpmi-1640 medium 
supplemented with 10% fetal calf serum. Balb/c mice were 
purchased from clea, inc., tokyo, Japan. at 4 weeks of age, 
the mice were inoculated intraperitoneally, intravenously or 
perorally with 106 or 107 mt-2 cells. the experiments were 
conducted in accordance with the regulations on animal 
Experiments of the university of tsukuba, and were approved 
by the university's animal Experiment committee.

Quantification of HTLV-1 proviral load. qpcr conditions 
were as described previously (9). Briefly, the number of tax 
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(viral gene) and mouse c-myc molecules (cellular gene control) 
were quantified using real-time PCR, and the HTLV-1 proviral 
load per 105 mouse cells was calculated as follows: (number 
of tax molecules/number of mouse c-myc molecules/2) x 105. 
Proviral load was defined as zero when there was no tax 
signal after 50 cycles of PCR amplification under conditions 
in which mouse c-myc was amplified. 

Detection of HTLV-1 antibody in serum. the antibodies 
against htlV-1 proteins in the plasma were assayed with a 
particle agglutination kit (Serodia htlV-1; Fujirebio, Japan).

Interleukin-2 (IL-2) production assay. Splenic t cells from 
native and htlV-1-infected mice were cultured with anti-cd3 
for 2 days. the concentrations of il-2 in the supernatants 
were measured by the enzyme-linked immunosorbent assay 
(EliSa; ready-SEt-Go! kits, eBioscience, San diego, ca) 
according to the manufacturer's instructions. the EliSa assay 
was specific for mouse-derived IL-2, since no cross-reactivity 
with human il-2 from mt-2 cells was observed.

Statistical analysis. Welch's t-test was used for statistical 
analysis.

Results

Tissue distribution of the HTLV-1 provirus by various routes. 
as shown in table i, in mice infected intraperitoneally with 
106 mt-2 cells, provirus was detected in most organs, and 
high proviral loads were detected in peripheral blood mono-
nuclear cells, spleen and gut-associated lymphoid tissues, 

consistent with our previous results (12). among mice 
inoculated intraperitoneally with different amounts of mt-2 
cells, no significant differences in organ distribution were 
observed, while the mice inoculated with 107 mt-2 cells had 
higher proviral loads than those inoculated with 106 mt-2 
cells. in contrast to intraperitoneal infection, intravenous or 
oral inoculation resulted in low proviral loads and restricted 
organ distribution of infected cells. among mice infected 
intravenously, provirus was detected only in the spinal cord, 
while among mice inoculated orally with 107 mt-2 cells, 
provirus was detected in the kidney and liver of 2 of the 5 
mice examined. these results demonstrate that the route of 
viral exposure likely affects proviral load and viral organ 
distribution in mice.

Comparision of immune responses by various routes against 
HTLV-1. antibody titers were determined in the sera of 
mice 1 month after infection using a particle agglutination 
kit. antibody titers against htlV-1 in the mice infected 
orally were below the detectable level (Fig. 1a), consistent 
with a previous report in which F344/n Jcl-rnu/+ rats were 
inoculated orally with mt-2 cells (14). the mice infected 
intraperitoneally and intravenously exhibited similar anti-
htlV-1 titers. these results suggest that antibody titers do not 
correlate with proviral load in mice 1 month after infection, 
and corroborate similar findings in our previous report, in 
which various syngeneic mouse strains were used (9).

IL-2 production and proliferation of HTLV-1-infected cells. 
continuous growth of htlV-1-infected cells in vitro requires 
il-2-mediated signaling (15), and il-2 also likely drives the 

table i. proviral load in organs from BalB/c mice infected with htlV-1 intraperitoneally, intravenously or perorally. 

 pOa iVa ipa
 ---------------------------------------------------- -------------------- ----------------------------------------------------------------
Organs 106 (n=6)b 107 (n=6)b 106 (n=5)b 106 (n=4)b 107 (n=5)b

pBmc 0 0 0   25.6±12.1 20.4±8.9
Brain 0 0 0   1.3±3.1   0.3±0.4
Salivary lymph nodes 0 0 0   7.4±3.5 14.4±8.4
lung 0 0 0   9.0±3.3 13.7±9.2
thymus 0 0 0   2.1±2.4   2.7±2.9
Spleen 0 0 0 21.9±8.1   56.1±29.0
mesenteric lymph nodes 0 0 0 38.9±9.3   38.0±16.1
peyer's patches 0 0 0   41.7±10.2   78.8±25.8
liver 0 1.0±1.3 0 0   7.0±6.7
Kidney 0 0.1±0.1 0   4.8±2.0   7.8±4.9
Ovary 0 0 0   5.1±2.1   9.1±7.8
Spinal cord 0 0 2.5±2.6   0.9±2.3   0.1±0.1
Submandibular glands 0 0 0   0.9±1.4   0.8±1.3

aProviral load in the various organs was examined 1 month post-infection. Values reflect the average number of tax molecules per 105 cells ± Sd.  
pO, peroral inoculation; iV, intravenous inoculation; ip, intraperitoneal inoculation; pBmc, peripheral blood mononuclear cells. bValues reflect 
the number of mt-2 cells introduced into the 4-week-old BalB/c mice. the number of mice examined is indicated in parentheses.
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proliferation of htlV-1-infected cells in vivo (16). We investi-
gated whether il-2 production is involved in the proliferation of 
htlV-1-infected cells in BalB/c mice inoculated with mt-2 
cells. The mice infected intraperitoneally showed significantly 
higher il-2 production than the mice infected intravenously or 
perorally, or than the uninfected mice (Fig. 1B). 

Exclusion of MT-2 cells in inoculated mice. to determine 
htlV-1 proliferation in animals inoculated with htlV-1-
infected cells, the inoculated cells must be distinguished from 
newly infected host cells. therefore, we previously cloned and 
sequenced the cellular DNA sequence flanking the 3' LTR of 
the htlV-1 provirus in the mt-2 cells and established a pcr 
method to specifically amplify the human sequence flanking 
the 3' ltr of htlV-1 provirus in the mt-2 cells (9). as 
shown in Fig. 2A, the MT-2-specific sequence was detected 
in a mouse inoculated with mt-2 cells intraperitoneally 
and sacrificed 12 h after infection, while this sequence was 
not detected in c91/pl cells (17), another htlV-1-infected 
human cell line having different proviral integration sites, 
nor in the spleen of an uninfected control mouse, confirming 
the specificity of the MT-2-based primers. As expected, the 
mt-2 sequence was not detected in any of the mice 1 month 
after infection (Fig. 2B), consistent with previous studies 
showing that mt-2 cells cannot proliferate in various mouse 

strains containing natural killer activity, including Scid mice 
(9,10,18,19). together, these results indicated that the mt-2 
cells were rejected in BalB/c mice 1 month after infection, 
and that the proviral load in these mice represented htlV-1-
infected mouse cells.

Discussion

Difficulty in obtaining human specimens has hindered the 
understanding of the mechanisms involved in htlV-1 prolif-
eration in asymptomatic carriers. therefore, to understand 
viral transmission, host immune responses and the relationship 
between genetic background and initial viral proliferation, it is 
essential to establish animal models for htlV-1 infection. a 
variety of animal models of htlV-1 infection have been devel-
oped such as monkey, rabbit, rat and hamster (20). however, 
since mice are better characterized, particularly with respect 
to genetic information, and are more easily maintained than 
the aforementioned animal models, they are most commonly 
used. previous studies examining the inoculation of immuno-
deficient mice, such as SCID or NOD/SCID/gammacnull mice, 

  A

  B

Figure 1. antibody response against htlV-1 and interleukin-2 (il-2) pro-
duction in the serum. BalB/c mice were inoculated with 106 mt-2 cells 
intraperitoneally (IP), intravenously (IV) or perorally (PO) and sacrificed 
1 month after infection. control mice were inoculated with phosphate-buffered 
saline. (a) antibody titers against htlV-1 in the sera of mice were measured 
using a particle agglutination kit. (B) Splenic lymphocytes were isolated from 
the mice and stimulated with anti-cd3 in vitro. production of mouse il-2 was 
measured by sandwich immunoglobulin EliSa. *mice infected ip exhibited 
higher il-2 production than mice infected iV or pO or than uninfected mice 
(iV, p<0.01; pO, p<0.01; control, p<0.05; Welch's t-test). 
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Figure 2. detection of mt-2 genomic sequences in mice. (a) Four-week-old 
BalB/c mice were inoculated with 107 mt-2 cells intraperitoneally and 
sacrificed 12 h after infection. DNA was isolated from peripheral blood 
mononuclear cells (pBmc), thymus, spleen and mesenteric lymph nodes, 
and subjected to PCR amplification using primers specific for the sequence 
flanking the 3'LTR of the HTLV-1 provirus in human MT-2 cells, followed 
by agarose gel electrophoresis. to verify template dna, control pcr 
amplification reactions were performed using primers specific for human 
endogenous retrovirus-r (hErV-r) and mouse c-myc. the hErV-r 
amplification products were verified by Southern blot analysis using a 
digoxigenin-labeled HERV-R-specific probe. (B) BALB/c mice were 
inoculated with mt-2 cells intraperitoneally (ip), intravenously (iV) and 
perorally (PO) and sacrificed 1 month after infection. Analysis of MT-2-
specific and control DNA sequences was performed as in A. Samples were 
subjected to agarose gel electrophoresis, and a representative image is 
shown.
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with atl cells or htlV-1-infected cell lines, have demon-
strated that these mouse models are useful for characterizing 
htlV-1-transformed cells and for screening drugs for atl 
patients in vivo (21,22). however these models might not be 
suitable for studying host-virus interactions. 

a few studies have compared initial routes of infection 
with the extent of htlV-1 proliferation, but the effects of 
the routes of viral exposure differ depending on the animal 
model. in this report, we introduced mt-2 cells into BalB/c 
mice and demonstrated that intraperitoneal infection resulted 
in higher proviral loads compared with intravenous or peroral 
viral infection. in rabbits, injection of the htlV-1 molecular 
clone K30p into muscle resulted in systemic htlV-1 infec-
tion, but no provirus was detected in nervous tissue (23). it 
was found that the frequencies of provirus detection in periph-
eral blood were comparable in rats inoculated with mt-2 cells 
orally, intravenously or intraperitoneally (14). another report 
using rats demonstrated that oral inoculation of rats with 
5x106 mt-2 cells resulted in higher proviral loads compared 
with rats infected intraperitoneally, although proviral loads 
were similar among rats inoculated orally or intraperitoneally 
with 5x101 mt-2 cells (24). the factors controlling htlV-1 
proliferation in response to different routes of viral exposure 
remain unknown; however, viral or proviral loads differ 
greatly among the mouse strains used in retroviral infection 
studies (9), and endogenous retroviruses appear to influence 
retroviral proliferation (25,26). We assessed the effects of the 
initial viral amount and the routes of htlV-1 infection in 
mice, and htlV-1 provirus was detected only in the spinal 
cord via intravenous infection (table i). Osame et al reported 
that blood transfusion was associated with the onset of neuro-
logical symptoms of ham/tSp (27). these results suggest 
that host-virus interactions, host immune responses, and inter-
ference from endogenous host retroviruses likely influence 
htlV-1 proliferation after viral exposure through various 
routes of inoculation, consistent with the different levels of 
cytokine production observed among the infected mice in the 
present study (Fig. 1).

to better understand htlV-1 proliferation shortly after 
viral infection via the primary routes of transmission, we 
inoculated mice with mt-2 cells intravenously and orally. 
although we found that htlV-1 was transmitted to the 
mice through both intravenous and oral routes, low proviral 
loads were observed 1 month after infection. in humans, 
transmission of htlV-1-infected cells occurs via various 
cellular components, such as prostaglandins, lactoferrin, 
and transforming growth factor-ß, found in breast milk and 
serum. these compounds enhance expression of glucose 
transporter-1 and the htlV-1 receptor, and activate the 
htlV-1 long-terminal repeat promoter (28-30). Since we 
inoculated BalB/c mice with mt-2 cells suspended in 
phosphate-buffered saline, it is possible that efficient HTLV-1 
proliferation following intravenous or oral inoculation failed 
owing to the absence of factors known to enhance transmis-
sion and replication of htlV-1.

in conclusion, htlV-1 carrier mouse models are useful 
for testing various anti-htlV-1 therapeutic approaches. 
Furthermore, these findings have expanded the understanding 
of the role of viral gene products and host factors that deter-
mine htlV-1-related pathogenesis. 
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