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cells or CD8" T cells and T cell responsiveness to mitogens
(Con A and PHA) were not significantly changed after 3
weeks of oral intake of LcS preparation containing
approximately 4 x 10'° viable LcS. They also showed that
the NK cell activity was significantly increased, and the
enhancement of NK cell activity was particularly prominent
in the low-NK cell activity individuals. Interestingly, our
HAM/TSP case with most obvious clinical improvement
(HAM 4) showed the lowest NK activity of all 10 patients
before LcS treatment. However, another HAM/TSP case
(HAMG6) with low levels of NK activity before LcS
treatment also showed the marked enhancement of NK cell
activity after LcS but this patient did not show the obvious
clinical improvement as seen in HAM4. Therefore, the level
of enhanced NK cell activity after treatment did not always
correlate with the level of clinical improvement. Since both
of these patients (HAM 4 and 6) received low dose oral
prednisclone throughout study period, this may also suggest
that the concomitant administration of prednisolone is not
specifically associated with the clinical outcome against LcS
administration.

In general, probiotic bacteria such as LcS favorably alter
the intestinal microflora balance, inhibit the growth of
harmful bacteria, promote good digestion, and may boost
immune function, and possibly increase resistance to
infection. Although the mechanism of increased NK cell
activity after oral administration of LcS is not clear, several
studies have reported an effect of LcS on the stimulation of
phagocytic activity of circulating immune cell populations
which participate in innate immunity. Stimulated phagocytic
cells may also play a role in potentiate acquired immunity
via presentation of the antigen or synthesis of cytokines.
Previous histological examination in an animal study
showed that LcS was taken up by M cells in Peyer’s
patches [40], suggesting that LcS may be degraded in gut-
associated lymphoid tissue and their signal from immuno-
competent cells leads to a systemic effect such as
stimulation of phagocytosis, syntliesis of cytokines, IgA
secretion, enhancement of NK cell activity, etc. Our data
indicates that NK cell numbers were not significantly
changed after LcS treatment. Also, we could not detect
any significant changes of frequencies and absolute numbers
of all the cell phenotypes examined, including the NK
inhibitory receptor NKG2A positive cells and y8T cells. It is
therefore likely that increased NK cell activity might be
regulated by increased expression levels of cytotoxic
molecules—rather than the changes of activating receptors
and/or inhibitory receptors on NK cells—although further
studies are necessary to clarify this point.

Previous studies have indicated that therapies effective
for HAM/TSP such as prednisolone [15,16], plasma
exchange [17], and interferon-a [18-22] have problems
associated with a high frequency of adverse effects;
furthermore, IFN-a and plasmapheresis usually require
hospitalization, are very expensive and the clinical effects
usually last only a few months. Since HAM/TSP is a

chronic and progressive disorder, establishiment of a chronic
and safe treatment is essential. Also, innate immunity is
thought to be important in protecting the host against many
viral infections [41], and a combination treatment of
acquired immunity oriented agents like IFN-o and innate
immunity oriented agents like LcS might be a more
desirable approach for HAM/TSP treatment. Since previous
reports have indicated that the NK cell activity was
significantly decreased in HAM/TSP patients by an
unknown mechanism [32,33], the augmentation of a
decreased host innate immune system by LcS might be a
suitable approach for treating HAM/TSP.

In conclusion, our present results suggest that oral LcS
may be comparatively effective, easy and safe, and is
therefore a good candidate for maintenance treatment for
HAM/TSP. However, in our present study, the number of
patients is small and the study was conducted in an open,
uncontrolled manner. Randomized controlled studies are
warranted for the evaluation of LcS in HAM/TSP treatment.
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Context: Autoimmune thyroid diseases have been reported to be
associated with human T cell leukemia virus type I (HTLV-I) infec-
tion. HTLV-I proviral load is related to the development of HTLV-I-
associated myelopathy/tropical spastic paraparesis and has also been
shown to be elevated in the peripheral blood of HTLV-I-infected pa-
tients with uveitis, arthritis, and connective tissue disease.

Objective: The objective of the study was to evaluate the proviral
load in HTLV-I-infected patients with Hashimoto’s thyroiditis (HT) or
Graves' disease (GD) and ascertain the ability of HTLV-I to infect
thyroid cells.

Patients and Methods: A guantitative real-time PCR assay was
developed to measure the proviral load of HTLV-Iin peripheral blood
mononuclear cells from 26 HTLV-I-infected patients with HT, eight
HTLV-I-infected patients with GD, or 38 asymptomatic HTLV-I car-
riers. Rat FRTL-5 thyroid cells were cocultured with HTLV-I-infected

T cell line MT-2 or uninfected T cell line CCRF-CEM. After coculture
with T cell lines, changes in Tax and cytokine mRNA expression were
studied by RT-PCR.

Results: HTLV-I proviral load was significantly higher in the pe-
ripheral blood of patients with HT and GD than asymptomatic
HTLV-I carriers. In the peripheral blood from HTLV-I-infected pa-
tients with HT, HTLV-I proviral load did not correlate with the thy-
roid peroxidase antibody or thyroglobulin antibody titer. After cocul-
ture with MT-2 cells, FRTL-5 cells expressed HTLV-I-specific Tax
mRNA. These cocultured FRTL-5 cells with MT-2 cells expressed IL-6
mRNA and proliferated more actively than those cocultured with
CCRF-CEM cells.

Conclusion: Our findings suggest the role of the retrovirus in the
development of autoimmune thyroid diseases in HTLV-I-infected
patients. (J Clin Endocrinol Metabd 90: 5704-5710, 2005)

UMAN T CELL LEUKEMIA virus type I (HTLV-]) is
a human retrovirus highly endemic in southern Ja-
pan, intertropical Africa, Melanesia, Latin America, and the
Caribbean basin (1). HTLV-I is the etiological agent of adult
T cell leukemia (ATL) (2) and HTLV-I-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP), an inflamma-
tory disease of the central nervous system (3, 4), and has also
been implicated in several other inflammatory disorders,
such as uveitis (5), chronic arthropathy (6), pulmonary al-
veolitis (7), and Sjdgren’s syndrome (8). Furthermore, trans-
genic mice expressing Tax protein, a transactivator encoded
by HTLV-], develop proliferative synovitis (9) and exocri-
nopathy affecting lacrimal and salivary glands, features sim-
ilar to those of Sjgren’s syndrome in humans (10).
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Abbreviations: ATL, Adult T cell leukemia; CTLA-4, cytotoxic T lym-
phocyte antigen-4; FBS, fetal bovine serum; GAPDH, glyceraldehyde-
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The possibility that HTLV-I may cause thyroid diseases
was initially raised by reports of Hashimoto’s thyroiditis
(HT) in HTLV-I carriers and patients with HAM/TSP (11,
12). Graves’ disease (GD) has also been observed in HTLV-1
carriers (13, 14). Epidemiological studies have demonstrated
that HTLV-1 seropositivity is a risk factor for thyroid disor-
ders in Japan. Kawai et gl. (12) reported that the prevalence
of HTLV-I antibody in HT patients resident of Tokushima
and Kochi prefectures, Japan, was 6.3%, which was signifi-
cantly higher than the expected frequency of 2.2%. Mizokami
et al. (15) also reported that the prevalence of HTLV-] anti-
body was significantly higher in patients with either anti-
thyroid antibody-positive chronic thyroiditis or GD than the
expected frequency in Fukuoka prefecture, Japan. Mine et al.
(16) found that the frequency of antithyroid antibodies in
blood donors with HTLV-I antibody was significantly higher
than that in control donors without the antibody. Akamine
et al. (17) also found a high prevalence of positivity for thy-
roid autoantibodies in ATL patients and HTLV-I carriers.

Several findings support the hypothesis of the etiopatho-
genic role of HTLV-1 in thyroid diseases: HTLV-I envelope
protein and Tax mRNA have been detected in follicular ep-
ithelial cells of the thyroid tissues of a patient with HT (18);
Tax mRNA was also found in infiltrating lymphocytes in the
interfollicular space (18); and HTLV-1 proviral DNA and

5704

Downloaded from jcem.endojournals.org on March 21, 2006



Matsuda et ol. * HTLV-I-Associated Thyroid Diseases

HTLV-Thave been detected in thyroid tissues of patients with
HT and GD (18, 19).

T lymphocytes, especially CD4+ T cells, are the main
target of HTLV-1in vivo and carry the majority of the HTLV-I
proviral load (20). The HTLV-I proviral load in peripheral
blood mononuclear cells (PBMCsj is higher in patients with
HAM /TSP than asymptomatic HTLV-I carriers (21), and the
equilibrium set point of the proviral load is suspected to
determine the development of the disease (22). We postu-
lated that HTLV-I proviral load also influences the initiation
and course of autoimmune thyroid diseases. To test our
hypothesis, we measured this marker in PBMCs from HTLV-
l-infected patients with HT and GD. To better understand the
pathogenic mechanisms of HTLV-I-associated thyroid dis-
orders, we determined whether HTLV-I could infect thyroid
cells, and we characterized cell proliferation and cytokine
gene expression in these cells after HTLV-] infection, using
FRTL-5 rat thyroid cells.

Patients and Methods
Clinical samples

Blood samples were collected from 116 HTLV-I-infected patients, 38
asymptomatic carriers (33 females and five males, 21-79 yr old), 26
patients with HT (19 females and seven males, 37-80 yr old), eight
patients with GD (seven females and one male, 40-59 yr old), 21 patients
with HAM/TSP (17 females and four males, 31-74 yr old), and 23
patients with ATL (18 females and five males, 44~87 yr old). The di-
agnosis of HT was based on the presence of positive thyroid autoanti-
bodies [thyroid peroxidase (TPO) and/or thyroglobulin (Tg)} and at
least one of two additional criteria (hypothyroidism and/or goiter).
Antibodies to TPO and Tg were determined by RIAs using commercially
available kits (Cosmic, Tokyo, Japan). The patients with HT were treated
with L-thyroxine. GD was diagnosed on the basis of history and signs
of hyperthyroidism with diffuse goiter and the laboratory findings,
including elevated serum T, and T, concentrations, undetectable serum
TSH, and positive TSH receptor antibody (TRAb). TRAb was measured
as TSH binding inhibitory Ig. One patient had ophthalmopathy. The
patients with GD were treated with methimazole or propylthiouracil.
Diagnosis and classification of the clinical subtypes of ATL were made
based on the criteria of the Lymphoma Study Group (23) and were then
confirmed in all cases by Southern blot hybridization analysis with
detection of monoclonal integration of HTLV-I provirus into the ge-
nome. Diagnosis of HAM /TSP was based on the World Health Orga-
nization diagnosis guidelines (24). PBMCs donated by HTLV-I-sero-
negative healthy individuals (one female and two males, 25-29 yr old)
served as normal controls. These control subjects did not have a history
of thyroid or autoimmune diseases. PBMCs were isolated from hepa-
rinized blood by density gradient centrifugation. Seropositivity for
HTLV-1 was obtained by ELISA and particle agglutination assays. The
screening of serum HTLV-1 antibody was studied in all patients who
visited our clinic at the University of the Ryukyus. All patients, HTLV-I
asymptomatic carriers, and HTLV-]-seronegative healthy controls were
Japanese, and they were living in Okinawa and Kagoshima prefectures
(HTLV-I endemic areas), Japan. All individuals gave written informed
consent for their participation.

Measurement of HTLV-I proviral load

DNA was prepared from each sample using a blood and tissue
genomic DNA minikit, according to the protocol recommended by the
manufacturer (Viogene-Biotek Corp., Hsichih, Taiwan) and stored at
—80 C until use. The concentration of extracted DNA was adjusted to
10 ng/ul of the working solution. A quantitative real-time PCR assay
was developed to measure the proviral load of HTLV-1 in PBMCs. The
HTLV-I copy number was referenced to the actual amount of cellular
DNA by quantification of B-actin gene. The forward and reverse primers
used for HTLV-I pX region were 5'-CAAACCGTCAAGCACAGCTT-3’
positioned at 7140-7159 and 5'-TCTCCAAACACGTAGACTGGGT-3'
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positioned at 7362-7341. The internal HTLV-I pX TagMan probe (5’
TTCCCAGGGTTTGGACAGAGTCTTCT-3') was Jocated between po-
sitions 7307 and 7332 of the genome, and carried a 5’ reporter dye FAM
(6-carboxy fluorescein) and a 3' quencher dye TAMRA (6-carboxy tet-
ramethylrhodamine). To quantify the human p-actin gene, the forward and
reverse primers 5-TCACCCACACTGTGCCCATCTACGA-3' positioned
at 2141-2165 and 5-CAGCGGAACCGCTCATTGCCAATGG-3' posi-
tioned at 2435-2411, and the B-actin TagMan prove (5'-ATGCCCTC-
CCCCATGCCATCCTGCGT-3' positioned at 2171-2196) were used. PCR
was performed with 5 ul DNA template with the use of the TagMan
unjversal PCR master mix (Applied Biosystems, Foster City, CA)and target
gene assay mix containing each respective forward and reverse primer and
TagMan probe. The PCR conditions were as follows: 1 cycle at 50 C for 2
min and 95 C for 10 min and 45 cycles of denaturation at 95 C for 15 sec
and annealing/extension at 58 C for 1 min. PCR was carried outin triplicate
for each sample. HTLV-I provirus DNA cloned into the plasmid served as
the control template and the B-actin gene as the internal control. Data were
quantified as mean values from the relative standard curve according to the
instructions provided by the manufacturer (Applied Biosystems). Cycle
numbers obtained at the log-linear phase of the reaction were plotted
against a standard curve prepared with serially diluted control samples.
The amount of HTLV-] proviral DNA was calculated by the following
formula: copy number of HTLV-I(pX) per 1 X 10* PBMCs = [(copy number
of pX)/(copy number of B-actin/2)] X 10°

Cell culture and HTLV-I infection in vitro

FRTL-5 cells are a continuous line of rat thyroid cells and were grown
in the Coon's modified Ham's F-12 medium containing 5% fetal bovine
serum (FBS) JRH Biosciences, Lenexa, KS) with the addition of a mixture
of six hormones: bovine thyroid-stimulating hormone (10 mU/ml),
transferrin (5 pg/ml), somatostatin (10 ng/mi), glycyl-i-histidyl-L-ly-
sine acetate (10 ng/ml), hydrocortisone (10 nm), and insulin (10 ug/ml).
All hormones were purchased from Sigma-Aldrich (St. Louis, MO).
MT-2 cells, obtained by coculturing peripheral leukemic cells from an
ATL patient with normal umbilical cord leukocytes (25), were used as
an HTLV-I-infected T cell line. MT-2 cells contain proviral HTLV-I DNA
and produce viral particles. CCRF-CEM cells were used as the unin-
fected T cell line. These T cells were treated with 100 pg/ml mitomycin
C (MMC) for 1 h at 37 C. After washing three times with PBS, they were
cultured with an equal number of FRTL-5 cells in Coon’s modified
Ham'’s F-12 medium containing 5% FBS. The culture medium was
changed on the third day after coculture. FRTL-5 cells were harvested
at 3 and 7 d, followed by RNA extraction as described below.

RT-PCR

Total RNA was extracted with Trizol (Invitrogen, Carlsbad, CA)
according to the protocol provided by the manufacturer, and the amount
of total RNA was determined by measuring absorbance at 260 nm.
First-strand cDNA was synthesized from 5 pg total cellular RNA in a
20-pl reaction volume using an RNA PCR kit (Takara Shuzo, Kyoto,
Japan) with random primers. Thereafter cDNA was amplified using a
multiplex PCR kit for rat inflammatory cytokine gene (Maxim Biotech,
Inc., San Francisco, CA) according to the instructions provided by the
manufacturer. Product sizes were 351 bp for TNFa, 294 bp for IL-13, 453
bp for 11.-6, 250 bp for TGF B, and 532 bp for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). The expression levels of Tax and f-actin
mRNAs were analyzed as described previously (26). Product sizes were
203 bp for Tax and 548 bp for B-actin. PCR products were fractionated
on 2% agarose gels and visualized by ethidium bromide staining.

Cell proliferation assay

FRTL-5 cells (1 x 10% cells/well) were cultured with or without
MMC-treated MT-2 or CCRF-CEM (1 X 10" cells/well) cell line in 96-well
culture plates in Coon’s modified Ham's F-12 medium containing 5%
FBS for 1, 3, or 5 d. The data were obtained by triplicate experiments.
Four hours before terminating the culture, 10 ul of the cell proliferation
reagent water-soluble tetrazolium salt (WST)-8, a tetrazolium salt (Wako
Chemicals, Osaka, Japan) were added to each well. At the end of in-
cubation, absorbance at 450 nm was measured using an automated
microplate reader. Measurement of the mitochondrial dehydrogenase-
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mediated cleavage of WST-8 to formazan dye indicates the level of
proliferation.

Statistical analysis

Data are expressed as mean * sp. Statistical significance was ana-
lyzed by Mann-Whimey U test. The Spearman’s rank correlation coef-
ficient was used to describe the association between different variables.
The Student's | test was performed for comparisons of growth of un-
infected FRTL-5 cells and that of HTLV-I-infected FRTL-5 cells.

Results

Quantification of HTLV-I proviral DNA in asymptomatic
HTLV-I carriers, HTLV-I-infected patients with HT or GD,
HAM/ TSP, and ATL

As shown in Fig. 1, we estimated the absolute copy num-
ber of HTLV-1 proviral DNA per 10° PBMCs. First, proviral
load was quantified in three healthy volunteers (seronega-
tive), 21 HAM/TSP patients, and 23 ATL patients. The pro-
virus was undetectable in all healthy noncarriers (Fig. 1B),
whereas HAM/TSP and ATL patients were positive for
HTLV-I with a proviral load of 1986 = 198 copies (range
879-4137 copies) and 2791 = 320 copies (range 874-6175 cop-
ies), respectively (Fig. 1A). The provirus loads in smolder-
ing-, chronic-, acute-, and lymphoma-type ATL patients were
1561 = 268, 2683 = 782, 3098 *+ 468, and 3248 * 893, re-
spectively. The copy numbers in asymptomatic carriers var-
ied from 0.4 to 347, those of HTLV-I-infected patients with
HT varied from 2 to 1076, and those of HTLV-I-infected
patients with GD varied from 29 to 1222 (Fig. 1B). The
mean * sp and median of the copy number was 60 = 11 and
39 in asymptomatic carriers. With regard to HTLV-I-infected
patients with HT and GD, the values were 276 * 53 (median
199) and 303 = 137 (median 200), respectively. The median
copy number of HTLV-I-infected patients with HT and GD
was about 5-fold higher than that of asymptomatic carriers.
The differences were statistically significant between asymp-
tomatic carriers and HTLV-I-infected patients with HT and
between asymptomatic carriers and HTLV-l-infected pa-
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tients with GD, respectively (Mann-Whitney U test) (Fig. 1B).
There was no significant correlation between copy number
of HTLV-1 proviral DNA and antibody titer of either Tg (P =
0.6535) or TPO (P = 0.4703) in HTLV-l-infected patients with
HT (Spearman’s rank correlation) (Fig. 2). Among the HTLV-
I-infected patients with GD, the correlation between copy
number of HTLV-I proviral DNA and TRAb titer was not
observed (data not shown).

Detection of HTLV-I Tax mRNA in FRTL-5 cells cocultured
with HTLV-I infected T cells

FRTL-5 cells were cocultured with either MT-2 or CCRF-
CEM cells. After cocultivation for 3 d, FRTL-5 cells were
washed extensively and exchanged with fresh medium. Af-
ter the cells were cultured for further 4 d, they were washed
thoroughly. At 3 and 7 d after cocultivation, FRTL-5 cells
were harvested for assessment by RT-PCR for expressing
HTLV-I viral antigen. Because T cell lines were pretreated
extensively with MMC, these MMC-treated T cells could not
proliferate, as determined by WST-8 assay. These specimens
of FRTL-5 cell at 3 and 7 d of culture contained no viable
MT-2 cells. As shownin Fig. 3A, FRTL-5 cells cocultured with
MT-2 cells showed strong expression of Tax mRNA. In con-
trast, FRTL-5 cells cocultured with CCRF-CEM cells did not
express Tax mRNA. To determine whether the Tax cDNA
sequence was amplified from residual MT-2 cells that had
been added after MMC treatment, PCR amplification of a
human PTHxP exon 3 sequence was done, using these DNA
samples. The human PTHrP sequence was amplified from
MT-2 DNA by PCR. However, the human PTHrP sequence
was not detected in any of the cocultured rat FRTL-5 cells,
which suggests that residual MT-2 cells in these samples
were not amplified (data not shown). These results suggest
that the HTLV-I can be transmitted into FRTL-5 cells from
HTLV-I producing MT-2 cells.
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Fi16. 3. HTLV-I can infect FRTL-5 cells and induce gene expression
of IL-6. A, Detection of HTLV-I Tax mRNA in FRTL-5 cells by RT-
PCR. FRTL-5 cells were cocultured with MMC-treated MT-2 or
CCRF-CEM cells. At 3 and 7 d after cocultivation, FRTL-5 cells were
harvested and then Tax mRNA expression was analyzed. Lane 1,
cultured FRTL-5 cells at 3 d; lanes 2 and 3, FRTL-5 cells cocultured
with MT-2 and CCRF-CEM cells at 3 d; lane 4, cultured FRTL-5 cells
at 7 d; lanes 5 and 8, FRTL-5 cells cocultured with MT-2 and CCRF-
CEM cells at 7 d. Human B-actin mRNA was used as a control. B,
Induction of expression of IL-6 gene in FRTL-5 cells. Lane 1, cultured
FRTL-5 cells at 3 d; lanes 2 and 3, FRTL-5 cells cocultured with MT-2
and CCRF-CEM cells at 3 d; lane 4, positive control. Rat GAPDH
mRNA was used as a control.

Cytokine expression in FRTL-5 cells cocultured with MT-2
or CCRF-CEM cells

Tax activates not only the transcription of the viral genome
but also the expression of various cellular genes. It is now
clear that HTLV-I-infected T cells are capable of producing
various cytokines through the transactivation of cytokine
genes by the Tax protein (27). HTLV-I-infected nonlymphmd
cells have also been reported to express various types of
cytokines (28, 29). Therefore, we investigated the expression
of inflammatory cytokines in FRTL-5 cells cocultured with
MT-2 or CCRF-CEM cells by RT-PCR. RT-PCR was carried
out with primer sets for IL-1B, IL-6, TNFa, and TGFj3 as well
as rat GAPDH. As shown in Fig. 3B, low levels of expression
of IL-6 and TGFB mRINA were detected in control FRTL-5
cells. Thelevel of expression of IL-6 was increased in FRTL-5
cells cocultured with MT-2 cells but not in FRTL-5 cells
cocultured with CCRF-CEM cells. Transcripts of IL-1p and
TNFa were not detected in any of the samples.

Proliferation of FRTL-5 cells

It was reported previously that HTLV-] could infect sy-
novial cells, resulting in their active proliferation (28). Fi-
nally, to investigate the relation of thyroid cell proliferation
and HTLV-I infection, the proliferative response of FRTL-5
cells was examined by cocultivation with MT-2 cells and
compared with that of FRTL-5 cells cocultured with CCRF-
CEM cells using the WST-8 assay as an index of cell number.
The proliferation of FRTL-5 cells at d 1, 3, and 5 was signif-
icantly increased by coculture with HTLV-I-infected T cells
(Fig. 4). It was noted that MMC-treated MT-2 and CCRF-
CEM cells could not proliferate.

Discussion

Although the etiology of autoimmune thyroid diseases has
yet to be established, it appears to result from complex in-
teractions between host genetic and environmental factors.
The involvement of viral infection, particularly retrovirus
infection, in the pathogenesis of autoimmune thyroid dis-
eases has been demonstrated in animals and humans (30—
34). However, the role of infection in precipitating autoim-
mune thyroid diseases remains largely hypothetical (34).
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Ciampolillo et al. (31) reported the presence of a HIV type
1-related DNA sequence in the thyroid and PBMCs of the
patients with GD, but this finding was disputed by Hum-
phrey et al. (35) and Tominaga et al. (36). Jaspan et al. (37)
reported that over 85% of patients with GD have detectable
serum antibodies against a human intracisternal type A ret-
roviral particle. Furthermore, data from 35 members of three
kindreds suggest that both human leukocyte antigen sus-
ceptibility and exposure to the retroviral particle are neces-
sary for the development of GD (38). HTLV-I is considered
to be implicated in the pathogenesis of autoimmune thyroid
diseases in Japan, where this retrovirus is endemic, and ep-
idemiological studies have shown an association between
HTLV-I infection and thyroid disorders in Japan (12, 15-17).

The present study provides biological data suggesting the
contribution of HTLV-I in the development of autoimmune
thyroid diseases. Our results showed that: 1) the circulating
HTLV-I proviral load was higher in HTLV-I-seropositive
patients with HT or GD than asymptomatic HTLV-I carriers
and lower than that in patients with HAM/TSP or ATL; 2)
HTLV-I can be transmitted into thyroid cells from an HTLV-
I-producing T cell line; 3) HTLV-I infection induced expres-
sion of IL-6 gene but not IL-18, TNFe, and TGEF-8 in thyroid
cells; and 4) HTLV-I-infected thyroid cells proliferated more
actively than control cells.

The HTLV-I proviral load is thought to be a major deter-
minant of HTLV-I-associated diseases. The proviral load is
higher in the peripheral blood of patients with HAM/TSP
than blood of asymptomatic carriers (21), as confirmed in the
present study. It is also higher in the peripheral blood of
patients with HTLV-I-associated uveitis and HTLV-I-sero-
positive patients with arthritis or connective tissue disease
than asymptomatic carriers (39, 40). Similarly, we observed
a significantly higher proviral load in HTLV-I-infected pa-
tients with either HT or GD than in HTLV-1 asymptomatic
carriers. Thus, a high proviral load might be involved in the
pathogenesis of several other HTLV-I-associated inflamma-
tory disorders in addition to HAM/TSF.

The unusually high proviral loads in HTLV-I infection
results mainly from the Tax-driven activation and expansion

FRTL-5 FRTL-5FRTL-5 MMC-

MMC- FRTL-5 FRTL-5FRTL-5MMC» MMC- FRTL-5FRTL-5FRTL-5 MMC- MMC-
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of infected cells (41). The HTLV-I targets are mainly
CD45RO-expressing CD4+ T lymphocytes, and the proviral
load is reported to correlate with the number of memory T
cells (42). Migration of HTLV-I-infected CD4+ T cells and
HTLV-I-specific CD8+ cytotoxic T lymphocytes into the cen-
tral nervous system is a critical step in the pathogenesis of
HAM /TSP (43). Similarly, infiltration of lymphocytes plays
a central role in the initiation and perpetuation of autoim-
mune thyroid diseases. Previous studies showed a good cor-
relation between the degree of intrathyroidal lymphocytic
infiltration and antithyroid antibody titer not only in HT (44)
but also in GD (45). Although the accumulation of HTLV-
I-infected T cells in the thyroid remains uncertain, HTLV-1
proviral load did not correlate with antibody titer of either
TPO or Tg in our study with HT. Further research using
thyroid tissue from HTLV-I-infected patients is needed to
support the hypothesis of the pathogenic involvement of
HTLV-I-infected T lymphocytes.

HTLV-I might be transmitted from infiltrated lympho-
cytes to thyrocytes. We obtained evidence that thyroid cells
can be infected by HTLV-I and that this infection induced
gene expression of inflammatory cytokine IL-6 in vitro.
HTLV-I Tax mRNA was detected in the FRTL-5 cells cocul-
tured with MT-2 cells. Transcription of IL-6 is regulated by
Tax proteinin T cells and synovial cells (46, 47). Although the
precise role of IL-6 in the pathogenesis of thyroid diseases is
unknown, these results suggest the involvement of IL-6 ex-
pression in thyroid cells, which is related .to Tax, in the
development of inflammatory lesions caused by HTLV-I in-
fection in the thyroid. To clarify the pathological association
of thyroiditis with HTLV-I, we are attempting to detect
HTLV-1 proviral DNA and viral gene expression in the tissue
of HTLV-I-associated thyroiditis.

The effect of HTLV-I infection on FRTL-5 growth was
assessed by the WST-8 assay. Coculture with MT-2 cells
increased the rate of cell proliferation. Because these effects
were not observed in FRTL-5 cells cocultured with CCREF-
CEM cells, they support the specific effect of HTLV-] infec-
tion on thyroid cell growth. Although several cytokines are
known to modulate the proliferation of FRTL-5 cells, [L-6 had
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no significant effects on the cell growth (48). Because Tax can
stimulate cell growth, the active proliferation of HTLV-I-
infected thyroid cells may be related to Tax expression, and
goiter in patients with autoimmune thyroid diseases may be
regulated by HTLV-I infection.

HTLV-Imight cause a systemic immune-mediated inflam-
matory disease potently involving tissues other than the
central nervous system, HAM/TSP being only the major
syndrome. The pathological association of HTLV-I with au-
toimmune thyroid diseases in HTLV-I carriers still remains
to be clarified. It should be noted that HTLV-Iinfection is not
the sole cause of autoimmune thyroid diseases because
HTLV-1antibody was not present in the majority of the cases.
Genetic factors, involved in autoimmune thyroid diseases,
include human leukocyte antigen and cytotoxic T lympho-
cyte antigen-4 (CTLA-4) (49, 50). It has been shown that
HTLV-1 infection is not associated with CTLA-4 polymor-
phisms in either HT or controls (51). HTLV-I infection is not
regulated by genetic factor such as CTLA-4 and may affect
occurrence of HT as an independent, purely environmental
factor. Further studies on the effects of HTLV-I infection of
thyroid tissues should help elucidate the pathobiology and
pathogenesis of HTLV-I-associated thyroid diseases.
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(Best-fit logistic regression equation for the risk of HAM/TSP in the Kagoshima HTLV-1

infected cohort : n=402)

Factor, condition

In(odds of HAM/TSP)

0Odds ratio (P)

Constant -1.716

Provirus load
TNF-a—863 A*

SDF-1+801 GA —0.808
SDF-1+801 AA —1.689
HLA-A*02* —0.638
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0.45(0.042)
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0.41(0.046)
0.20(0.017)
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Abstract—Wang resin-supported Evans’ chiral auxiliary (23) was designed based on a novel polymer-anchoring strategy, which utilizes the
5-position of the oxazolidinone ring, and its new synthetic route applicable to multi-gram preparation in just a day was developed. Solid-
phase Evans® asymmetric alkylation on 23-derived N-acylimide resin and following lithium hydroperoxide-mediated chemoselective
hydrolysis afforded the corresponding a-branched carboxylic acids in desired high stereoselectivities (up to 97% ee) and moderate to good
overall yield (up to 70%, for 3 steps), which were comparable to those of the conventional solution-phase methods. Furthermore, recovery
and recycling of the polymer-supported chiral auxiliary were successfully achieved without decreasing the stereoselectivity of the product.
Therefore, this is the first successful example that the solid-phase Evans’ asymmetric enolate-alkylation was efficiently performed on the
solid-support, and it is concluded that the connection to the solid-support via the 5-position of the oxazolidinone ring is an ideal strategy in

the solid-phase Evans’ chiral auxiliary.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Evans’ chiral oxazolidinone is one of the efficient
auxiliaries for preparing chiral building blocks necessary
to synthesize molecules possessing the accurate spatial
configuration of specific functional groups.'” Its generality
and reliability with high optical purity have already been
established in a variety of efficient asymmetric syntheses of
low molecular weight chiral compounds and complicated
natural products.:““5 Moreover, its potential is expanding in
the study of novel asymmetric reactions.®

Solid-phase organic synthesis has been developed as a rapid
and diversified method in organic chemistry.” As compared
to solution-phase, the solid-phase technology provides a
simple procedure ‘filtration’ for rapidly achieving the
isolation of desired compounds or recovering expensive
reagents or catalysts attached onto the solid-support for
recycling. Hence, many useful reagents or catalysts,

Keywords: Evans’ oxazolidinone; Polymer-supported chiral auxiliary;

Asymmetric synthesis; Solid-phase organic synthesis; Solid-phase asym-

metric alkylation; Recovery and recycling.
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especially those used in chiral synthesis, in solution-phase
methods have been intensively and successfully applied to
the solid-phase methods so far.! However, some solid-
supported chiral auxiliaries are problematic in achieving
high quality of stereoselective reactions.” One of such well-
known examples is pseudoephedrine'® grafted onto the
Merrifield resin. This solid-supported auxiliary showed
lower stereoselectivity in asymmetric alkylation (approx.
85% ee) in comparison to the corresponding solution-phase
experiments,

Evans’ oxazolidinone has also been applied to the solid-
phase stereoselective reactions such as enolate-alkylation
reaction,'! aldol reaction,'? Diels-Alder cycloaddition'?
and 1,3-dipolar cycloaddition."® However, undesired results
similar to those observed in the solid-supported pseudo-
ephedrine case were reported, especially in the fundamental
solid-phase asymmetric enolate-alkylation reaction which
prepares optically active a-branched carboxylic acid
derivatives.''™ Indeed, maximum stereoselectivity was
90% ee in asymmetric benzylation using the auxiliary
resin 1 (Fig. 1A).'> Moreover, a side reaction was reported
in the preparation of solid-supported L-serine derived chiral
oxazolidinone 2.'® Therefore, to improve the efficiency in
stereoselective reactions, we previously reported a
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Figure 1. Reported polymer-supported Evans’ chiral auxiliaries anchored
at the 4-position of the oxazolidinone ring (A) and design of anew auxiliary
anchored at the 5-position (B).

polymer-supported chiral Evans’ oxazolidinone with a
novel anchoring system onto the sclid-support as a rapid
communication.’” In this article, we describe the detailed
design and synthesis of the polymer-supported chiral Evans’®
oxazolidinone and its reusability in Evans’ asymmetric
alkylation.

2. Results and discussion

2.1. Design of a new polymer-supported chiral
oxazolidinone

One of the common features of polymer-supported Evans’
chiral auxiliary in all previous reports'’~'* is that a chiral
4-substituted oxazolidin-2-one was connected to the solid-
support through the chiral discriminating moiety at the
4-position of the oxazolidinone ring (Fig. 1A). This made us
suspect that chiral control ability of Evans’ oxazolidinone is
influenced by the polystyrene backbone of the solid-support,
leading to the Jow stereoselectivity in the asymmetric
alkylation.!'™ Hence, we proposed an alternative anchoring
strategy, which leaves the crucial chiral discriminating
moiety unmodified, and utilizes the external 5-position for
connecting to the solid-support (Fig. 1B).

To prepare such a new oxazolidinone derivative, we focused
on o-hydroxy-B-amino acids, which are routinely used in
our laboratory as a core structure for the development of
effective aspartic protease inhibitors.'® The unique structure
of a-hydroxy-B-amino acids, in which three different
functional groups, i.e. amino, hydroxyl and carboxyl
groups, are located on two adjacent asymmetric carbon
atoms gave us the idea. Namely, the known oxazolidinone
formation'® at the 1,2-amino alcohol moiety of
a-hydroxy-B-amino acid, (25,35)-3-amino-2-hydroxy-4-

phenylbutanoic acid 3 (allophenylnorstatine, Apns),18 can
afford a desired oxazolidinone derivative 4 with a benzyl
substituent at the 4-position as a chiral discriminating group’
and a free carboxyl group at the 5-position which can
connect with the solid-support (Fig. 1B). In addition,
Burgess et al. pointed out that Wang resin had a better
enantiomeric excess than Merrifield resin in asymimetric
benzylation.' '® Since Wang resin has an additional benzyl
moiety which has a space from the polystyrene backbone in
comparison to Merrifield resin, we planned to employ both
Wang resin and, as a further spacer, a piperidine-4-
carboxylic acid. Thus, in the designed solid-supported
auxiliary 5, this spacer is connected to the carboxyl group at
the 5-position of the oxazolidinone moiety by a tertiary-
amide bond and to Wang resin by an ester bond. This
tertiary-amide bond with no amide proton is stable under
both acidic and basic conditions. The ester bond between the
spacer and Wang resin can be formed by the standard
methods.

2.2. Evaluation of new oxazolidinone derivatives in
solution-phase model experiment

To understand the efficacy of designed solid-support chiral
oxazolidinone 5 as a new chiral auxiliary, we first studied a
solution-phase experiment, using a model oxazolidinone
derivative 9 whose C-terminal is protected by a benzyl ester
to mimic Wang resin. As Scheme 1 shows, 9 was
synthesized by a three-step reaction. Namely, Boc-Apns-
OH 6 was coupled to benzyl piperidine-4-carboxylate 7 Dy
the EDC-HOBt (EDC: l-ethyl-?:-(3—dimethy1aminoproqpy])
carbodiimide, HOBt: 1-hydroxybenzotriazole) method”! to
give dipeptide 8,7 followed by the removal of the Boc
group and CDI (1,1'-carbonyldiimidazole) treatment'® to
afford the cis-configured oxazolidinone derivative 9 as a
single isomer. During the cyclization reaction, neither
aziridine nor 1,2-imidazoylamine byproduct formation
was observed.?® The cis-configuration of 9 was confinmed
by the coupling constant® between H-4 and H-5, and NOE
experiments (Scheme 1 and Ref. 25). Synthesized 9 had

EDC-HCH
Ph 0 HOBt-H,0
HN » HCI E\aN
Bor:\N OH + —
H CO,Bn  DMF
OH 0°Cilort
[ 82%
Ph o cot
4N HCI EtaN
BOC‘NJ\HLN .
H o 1,4-dioxane THF
H CoBn 0°Ctort  0°Ctont
8 2 steps 86%
NOE
Ph o
H)Q\H
HN N = HNg ~0
}—O 4 5
0 CO2Bn

9

Scheme 1. Synthesis of a cis-configured oxazolidinone derivative 9 from

Boc-Apns-OH 6.
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Scheme 2. Epimerization and deuterium incorporation to the cis-configured carboximide 9.

coupling constants of J4,5=7.9, 8.1 Hz, which corresponded
to the representative value of the cis-configured
oxazolidinone.

Next, oxazolidinone 9 was N-acylated with 3-phenyl-
propionic acid by the mixed anhydride method to obtain
carboximide 10 (Scheme 2).%° Although there are three
a-protons in 10, the newly introduced carboximide a-proton
was expected to be most acidic. Since it was reported that
the imide-selective enolization of substrates with the both
carboximide and ester structures was accomplished by
careful base addition,”” and that after asymmetric reaction,
N-acyl fragments were selectively cleaved from the
auxiliary by the imide-specific lithium hydroperoxide-
mediated hydrolysis,*® we proposed 9 as a chiral auxiliary
that could be recovered and reused. However, its enolate
formation gave a new compound even with a careful
addition of LDA (1.2 equiv) to the cooled THF solution of
10 and a subsequent stirring for 0.5 h. This compound was
an epimerized frans-configured carboximide 11.%° This
result suggests that the a-proton of the carboxamide moiety
was predominantly deprotonated by LDA to diminish the
steric repulsion caused by cis-configuration.’® Indeed,
guenching lithium enoclate generated in situ from 10 with
acetic acid-d (99at.% D) afforded the deuterized 12 in
85% yield. The deuteriuom was incorporated mainly at
the a-position of the carboxamide moiety (68% D)
along with the a-position of the N-acylimide moiety
(12% D).

3 steps
BOCNN oy T HNT Y N
Ho 85% )
OH d COzBn
13 14

Scheme 3. Synthesis of a trans-configured oxazolidinone derivative 14
from Boc-Pns-OH 13.

This unexpected result prompted us to suggest that stable
trans-configured oxazolidinone 14 was suitable for the
auxiliary (Scheme 3). We synthesized 14 according to the
procedure shown in Scheme 1, starting from Boc-Pns-OH
13 (Pns: phenylnorstatine), a 2R isomer of 6, in 85% yield (3
steps). The relative stereochemistry of 14 was analyzed by
NMR. Coupling constants of J;5 were 5.1 and 5.3 Hz,
which are well consistent with the known value in rrans-
configuration™® and a strong NOE signal was observed
between H-5 and two protons at the benzylic position.?® In
addition, the most stable conformation of 14 obtained from
conformational analysis showed a dihedral angle of 136.4°
between two methine hydrogens (H-4 and H-5). This value
and Karplus curve reasonably supported the observed
coupling constant. From these observations, the configur-
ation between H-4 and H-5 in 14 was confirmed as rrans.
Furthermore, the absolute stereochemistry of 14 was
confirmed as 45,5R by the X-ray crystal structural analysis
of (R)-phenylethylamide 15! derived from 14 (Fig. 2). In
addition, it was found that the piperidine-4-carboxylic acid
spacer extended outside from the oxazolidinone core,
suggesting that this spacer does not interfere with the
asymmetric reaction.

Figure 2. X-ray crystal structure of (R)-phenylethylamide 15.

Next, we synthesized N-3-phenylpropionylated oxazolidi-
none 16 and subjected it to the deuterium labeling to
confirm the enolization position (Scheme 4) by the same
procedure described in Scheme 2. No particular change on
TLC was observed during the enolization and the recovered
product (88% yield) contained 76% of deuterized 17,
exclusively at the o-position of the desired carboximide
moiety with unmodified 16. This result suggests that the
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Scheme 4. Deuterium incorporation to rrans-configured carboximide 16.

a-position of the imide N-acyl moiety in 16 has the most
acidic a-proton, which is predominantly deprotonated by
LDA. Self-condensation of 16 was not observed under this
reaction condition.

With these positive observations, we examined the Evans’
asymmetric allylation of the carboximide 16 as a model for
alkylation (Scheme 5).!* Briefly, to a solution of 16 in THF
was added LDA (1.2 equiv) dropwise at —78 °C. After
stirring for 0.5 h, the generated Z-O-enclate 18°2 was treated
with allyl iodide (3.0 equiv), and the temperature of the
reaction mixture was gradually increased up to 0 °C over a
period of 3 h. Resultant 19 was hydrolyzed by LiOOH
without any puriﬁcation.28 The desired a-allylated car-
boxylic acid 26¢ Wwas obtained in good yield (2 steps 75%,
an average of 87% for each of the two steps in the reaction
sequence) and high stereoselectivity (96% ee),>* which
were comparable to the standard Evans’ asymmetric
allylation in solution-phase.'5 Oxazolidinone 14 was
sufficiently recovered (94%) without epimerization, and
no byproduct produced by the endocyclic cleavage of the
oxazolidinone ring®® was observed. These results proved
that the rrans-configured oxazolidinone 14 was effective as
a chiral auxiliary and that the spacer moiety did not interfere
with the asymmetric reaction.

0]
LDA 2 1
16 allyliodide Ph N7 O
e
THF \—5_
78160 °C | Bn D NO‘COan
19
(o]
LiOH, H202  ppy OH . 1
B E—
THF
0°C | 2 steps 94%
26¢c
2 steps 75%
96% ee

Scheme 5. Asymmelric allylation of the N-3-phenylpropionylated
carboximide 16.

An energy minimization study of enolate intermediate 18
suggested that its conformation corresponds to that of the
original chelation-controlled model proposed for standard

Evans’ chiral auxiliary system (Fig. 3)."%% Interestingly,
this modeling also suggested that nucleophilic attack of the
hydroperoxide anion to the oxazolidinone carbonyl for the
endocyclic cleavage is effectively obstructed by the steric
effect of the benzyl and carboxamide moieties.*” From these
data, we selected the structure of 14 originating from Pns as
the candidate for solid-supported Evans’ auxiliary.

Figure 3. Energy minimization study of enolate intermediate 18.

2.3. Solid-phase synthesis of Wang resin-supported
chiral oxazolidinone 23

In our previous communication,’” Wang resin-supported
chiral oxazolidinone 23 was obtained by the carbodiimide-
mediated coupling between Wang resin and the oxazolidi-
none-spacer unit prepared from 14 by hydrogenolysis. Since
four-step solution-phase synthesis of this unit and its excess
use (4 equiv) required for complete loading onto the resin
were inefficient, in the present study we developed a more
convenient synthetic route for 23 using Fmoc-based solid-
phase method as shown in Scheme 6.2° Namely, Fmoc-
piperidine-4-carboxylic acid 20 was first Joaded to Wang
resin using the DIPCDI-DMAP (DIPCDI: 1,3-diisopropyl-
carbodiimide) method®’ in CH,Cl,. After Fmoc-deprotec-
tion of 21 with 20% piperidine, Fmoc-Pns-OH was coupled
by the DIPCDI-HOBt method to give the dipeptide resin 22
followed by removal of the Fmoc group. The resultant 1,2-
amino alcohol moiety was converted to oxazolidinone with
CDI. Methanolysis of 23 with potassium carbonate in
anhydrous THF-MeOH yielded the corresponding methyl
ester 24 as a single isomer (95% for 6 steps). During this
synthesis, neither epimerization at the 5-position nor
byproduct formation such as aziridine and 1,2-aminoimi-
dazole was observed.”* It is noteworthy that all reactions in
Scheime 6 proceeded smoothly at room temperature within a
few hours, and multi-gram quantity of the oxazolidinone
resin 23 with high loading yield was efficiently synthesized
in just a day.

2.4, Solid-phase Evans’ asymmetric alkylation with the
oxazolidinone resin 23

At first, we investigated the solid-phase Evans’ asymmetric
allylation of the N-3-phenylpropionylated carboximide
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Scheme 6. Solid-phase synthesis of Wang resin-supported oxazolidinone resin 23.

resin 25a, which was prepared from 23 by Mukaiyama
method (Scheme 7).%* It was found that the use of NaHMDS
(3 equiv) as a base and gradual increase of the temperature
of reaction mixture up to 0 °C over a period of 12 h in the
alkylation reaction were quite effective.’ After quenching
the reaction mixture with saturated NH,Cl aq, the allylated
carboximide resin was recovered, washed, then subjected to
the LiOOH-mediated hydrolysis. The desired chiral
a-allylated carboxylic acid 26¢ was obtained with high
stereoselectivity (96% ee), which was equal to the model
experiment in solution-phase (Table 1, entry 3). The
absolute configuration of .acid 26c was determined in
comparison to the reported specific rotation,™ suggesting
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Scheme 7. Solid-phase asymmetric Evans’ alkylation.

Table 1. Results of the solid-phase asymmetric Evans’ alkylations

that the asymmetric alkylation on resin 25a also proceeded
in the same chelation-controlled model as the solution-
phase method.'> During the hydrolytic cleavage, the ester
linkage and oxazolidinone core were stable.*’ These
encouraging results urged us to understand the generality
of 23 in the Evans’ asymmetric alkylation reaction. Several
carboximide resins 25b—d were prepared and subjected to
the similar solid-phase alkylation reactions with a series of
electrophiles (R?X).*! The results are summarized in
Table 1. Favorably, not only highly reactive alkyl halides
such as Mel and BnBr but also less reactive Etl reacted
sufficiently under the same reaction conditions. Hydrolytic
cleavage of the resultant resin afforded the corresponding
chiral «-branched carboxylic acids 26a-k with satisfying
isolated yields (50-70%, for 3 steps) and enantiomeric
excesses (84-97% ee).*? Especially, in the asymmetric
benzylation of carboximide resin 25b, stereoselectivity was
found to be 97% ee (Table 1, entry 6), which was better than
the value reported by Burgess et al.,''® and was as high
enough as in the corresponding solution-phase asymmetric
alkylation utilizing the standard chiral 4-substituted oxazo-
lidin-2-one.'” The relatively Jower yield was due to the fact
that the yield includes the three-step process from the
oxazolidinone resin 23 to the final alkylated product 26. We
consider that yield for two steps (alkylation and hydrolysis)
is similar to that of the solution-phase method, and average
yield calculated for each step was reasonably acceptable
(79-89%). We assume that these successful results are
attributed to our new polymer-anchoring strategy based on
the connection at the S-position of the oxazolidinone ring.
This liberates the chiral differentiating benzyl group from
the polystyrene backbone of the resin, freeing the auxiliary

Entry 25 R! R3X 26 Yield® (%) ee® (%)
1 253 Bn- Mel 26a 61(85) 85
2 25a Bn- Ed 26b 50(79) 88
3 252 Bn- Allyll 26¢ 68(88) 96
4 253 Bn- Propargyl-Br 26d 62(85) 96
5 25a Bn- BrCH,CO,EL 26e 62(85) 92
6 25b Me- BnBr 26f 70(89) 97
7 25b Me- 4-BrBnBr 26g 68(88) - 97
8 25b Me- 4-NO,BnBr 26h 55(82) 97
9 25b Me- 2,4-diCIBnl 26i 65(87) 97
10 25¢ PhO- Allyl-1 26 50(79) 96
1 25d 2,4-diCBn- Mel 26k 59(84) 84

“ Combined yield of 3 steps starting from oxazolidinone resin 23. Value in the parenthesis is the average yield for each step.
" Determined by chiral BPLC analysis after conversion to the corresponding (5)-a-methylbenzylamine-derived amides.





