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Existence of escape mutant in HTLYalx during the development

of adult T-cell leukemia

Yoshitaka Furukawa, Ryuji Kubota, Mitsutoshi Tara, Shuji Izumo, and Mitsuhiro Osame

Although Tax protein is the main target of
cytotoxic T lymphocyte (CTL) on human
T-cell lymphotropic virus type | (HTLV-1)—
infected cells, and Tax peptide 11 through
19 binding to HLA-A*02 has been shown
to elicit a strong CTL response, there are
patients with adult T-cell leukemia (ATL)
bearing HLA-A*02. To explore whether

there is genetic variation in HTLV-l  tax

that can escape CTL recognition during

the development of ATL, the HTLV-l  tax

gene was sequenced in 55 patients with
ATL, 61 patients with HTLV-l-associated
myelopathy/tropical spastic paraparesis

(HAM/TSP), and 62 healthy carriers, and it
was correlated with the presence of HLA-
A*02. First, a premature stop codon in the
5" half of the tax gene that looses transac-
tivation activity on the viral enhancer was
observed in 3 patients with acute and 1
patient with chronic ATL. This stop codon
was revealed to emerge after the viral
transmission to the patient from se-
guence analysis in family members with
ATL. Second, amino acid change in Tax
peptide 11-19 was observed in 3 patients
with ATL. CTL assays demonstrated that
this altered Tax 11-19 peptide, observed

in ATL patients with HLA-A*02, was not
recognized by Tax 11-19-specific CTL.
Two patients with ATL had large deletions
in tax by sequencing, and 5 patients with
ATL had deletions in HTLV-I by Southern
blotting. These findings suggest that at
some stage of ATL development, HTLV-I—
infected cells that can escape the host
immune system are selected and have a
chance to accumulate genetic alterations
for further malignant transformation, lead-
ing to acute ATL. (Blood. 2001;97:987-993)
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Introduction

Human T-cell lymphotropic virus type | (HTLV-I) is the etiologic HLA-A*02. It is of interest to know whether an escape muta
agent of adult T-cell leukemia (ATE} and HTLV-l-associated exists in the core epitope of Tax in patients with ATL.
myelopathy/tropical spastic paraparesis (HAM/TSPRegarding It is well known that Tax is rarely detected in fresh peripherdl
the mechanism of ATL development, HTLV-I Tax protein has beeaTL cells 6 and the expression level ¢&x/rexmRNA in each E
mainly studied as a key regulator for immortalization, transforma4T|v-|-infected cell is far lower in ATL than in HAM/TSP and in$
tion, and oncogenesis of the HTLV-l infected-lymphocytes througkeajthy carriers (HCsY.One possible explanation is that immortals
its interaction with many cellular proteins. For example, Tax bindggq cells, no longer requiring Tax expression, are selected duing
to CBP/p300 and determines the accessibility of CBP/p300 {ge development of ATL. Tax promotes the proliferation g;
protein complexes on specific DNA elemehtssulting in Tax- y1)\.|_infected cells in many ways by influencing host ger@
mediated tra_nsactlvatlon of viral getieand growth factors, or expression in the early stages of leukemogenesis. However, 3ax
transrepression of pTBDNA ponmer_aseﬁ, andEell?J( gene?gax can also reduce cellular proliferation of infected cells beca@e
also modifies the cell cycle through binding P¥6*,°hDLG " or Tax-expressing cells will be rejected by the host immune respor@e.

both and contributes to the development of ATL. . .
- . . There may be a stage at which a balance of competition devefpps
Tax plays a role as an immunodominant target antigen for =

cytotoxic T lymphocyte (CTL) response to HTLV413 Although etween the advantages and disadvantages of Tax for proliferafion

the mechanisms by which HTLV-I causes HTLV-I-related diseasgémng It_eukemogenes,ls. _'B_‘t such a stage, it is possible t@at
are not fully elucidated, the HLA subtype has been shown {Hmjortallzed cells that elicit weaker CTL responses are selecged
influence the outcome of HTLV-l infection. In acute and lymphomadtring the development of ATL. S

type ATL, high frequencies of HLA-A26 have been reporté@n In this study, we sought nucleotide substitutions intdeegene 3
the other hand, HLA-A*02 has been demonstrated to reduce i@t may enable escape from the CTL response among patients gith
risk for HAM/TSPZ5 It has been suggested that HLA-A*02 hadATL. Here we report a stop codon in thelsalf of thetax gene that

high binding affinity to the Tax 11-19 peptide and thus induces'4as selected during the development of ATL and an amino acid
strong CTL response to HTLV-I-infected cells, resulting in lowghange in the epitope that leads to evasion of the immune response
provirus load and providing protection from HAM/TSP. Despitén HLA-A*02—positive ATL patients. These findings strongly
such a high CTL response to HTLV-l and a low provirus load isuggest that viral escape from the host immune system also plays
HLA-A*02-positive HTLV-I carriers, some ATL patients have an important role in the development of ATL.
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as describe@ HLA-A2—transfected Hmy2.C1R (Hmy-A2) cells served as

; ; targets?® Hmy-A2 cells were labeled with 5AM fluorescence-enhancing
Patients, materials, and methods ligand, bis (acetoxymethyl) 2,%',2"'-terpyridine-6,6'-dicarboxylase
Study population (BATD; Wallac Instruments, Turku, Finland), incubated at 37°C for 20

minutes. After they were washed 3 times with RPMI-1640 with 5% FCS,
Fifty-five patients with ATL (35 acute, 7 lymphoma-type, 5 chronic, and .8 mM L-glutamine, 40 U/mL penicillin, 4Q.g/mL streptomycin, and 125
smoldering ATL) were compared with 61 patients with HAM/TSP and 62,M sulfinpyrazone (Sigma, Tokyo, Japan), Hmy-A2 cells were unpulsed or
randomly selected HTLV-I-seropositive asymptomatic blood donors (HC9ulsed with wild-type Tax peptide (Tax 11-19; LLFGYPVYV), mutant Tax
Approval was obtained from the institutional review board for these studiggptide (G4R; LLFRYPVYV), or M1 peptide (GILGFVFTL) at a final
and informed consent was provided according to the Declaration @ncentration of JuM and incubated at 37°C for 30 minutes. After cells
Helsinki. All patients and controls were of Japanese ethnic origin angere washed, 2000 target cells were transferred to each well in a 96-well
resided in Kagoshima prefecture, Japan. The diagnosis and clinical subty@gnd-bottom plate. Effector cells were transferred to the well at a
of ATL was made according to the Shimoyama’s critéfiihe diagnosis of  effector—target ratios of 10:1, 3:1, and 1:1 and were incubated at 37°C for 4
HAM/TSP was made according to the World Health Organization diagnogours. After incubation, 4QuL supernatant was transferred to wells

tic criteria®® containing 16QuL of 50 wM Europium solution (Aldrich Chemical). After
5-minute mixing at room temperature, the fluorescence intensity of the
Sequencing of HTLV-l tax gene chelates formed by Europium and fluorescence-enhancing ligand was

All DNA samples extracted from peripheral blood mononuclear cells Wer@easured by a fluorometer (1420ARVOsx; Wallac). Maximal release was

. . T . )
sequenced for nearly the entire HTLVax gene (nucleotide from position produced by the incubation of target cells in 1% Triton X-100, argl

7295 to 8356, corresponding to that of the prototypic strain Tls we spon_tgneoqs release was prod_uced by |ncu_bat|on in m.edlum a!one.%l’he
. : ) ) specific lysis was calculated with the following formula: [(experimental

described previousf: Nested polymerase chain reaction (PCR) Wa?eleases ontaneous release)/(maximum rel ntaneous release)]100

performed on the extracted DNA to amplify proviral DNA, and nucleotide P L '

sequences were determined in both directions. One hundred nanograms .
DNA was amplified by 35 cycles of PCR using the Expand high-fidelitpOuthern blot analysis of HTLV-|
PCR system (Boehringer Mannheim, Japan) apt1lprimers PXO+

ysey/dny wouy

- X Southern blot analysis of HTLV-l was performed in all patients with ATL%
(5'-TCGAAACAGCCCTGCAGATA-3 (7257-7276)) and PXO2 (5=  high molecular-weight DNA was extracted by a standard method usfig
TGAGCTTATGATTTGTCTTCA-3 (8447-8467)). After the first PCR a0 extraction. Ten micrograms genomic DNA was digested Réth

reaction, 1uL aliquots of the amplified products were subjected 0 aQgnarated on a 1% agarose gel, and transferred to a nylon membrane. Pgobes
additional 20 cycles of the second PCR using internal primers PXIlused in hybridization were a total sequence of HTLV-I and HTLVF

(5'-ATACAAAGTTAACCATGCTT -3’ (7274—7293) and PXI3 (5'- long-terminal repeat (LTR). Total sequence of HTLV-I DNA probe W%
AGACGTCAGAGCCTTAGTCT -3 (8374—8393)). Each PCR cycle con-|5peleq with«-32P-dCTP by random priming. Blots were hybridized &

sisted ofdenaturation at 94°C for 60 seconds, annealing at 58°C for %&'SQC for 12 hours in a mixture containing>4SSC (1x SSC; 0.15 M o

seconds, extension at 72°C for 90 seconds, and extension of the final cygla~| 0.015 M sodium citrate), @ sonicated, and denatured salmo%

at 72°C for 10 minutes. Amplified DNA products were purified using thg,erm pNA. Then they were washed in 0.1% sodium dodecyl sulfate and
QIA quick purification kit (Qiagen, Tokyo, Japan), and Qy PCR 1 . 55c at 65°C for 30 minutes and autoradiographed. The same filrs
products were sequenced using the dye terminator DNA sequencing kit . rehybridized with th&2P-labeled HTLV-I LTR probe. =
(Applied Biosysems, Chiba, Japan) with 3.2 pmol each primer: P¥XI1
PXI2+ (5'-GGCCATGCGCAAATACTCCC-3 (7618—7637)); PXI3- (5'-

TTCCGTTCCACTCAACCCTC-3(8001—8020)); PXI% (5'-GGGTTCCAT- g
GTATCCATTTC-3 (7644—7663)); PXI2 (5'-GTCCAAATAAGGCCTG-  Accession numbers of tax sequence in patients with ATL were successiggly

GAGT-3 (8024—8043)) and PXI3 in an automatic sequencer (377 DNA from AB036372 through AB36383 and from AB045399 through AB04544.

‘SuUOl

08U/6921 .9

DDBJ accession humbers

Sequencer; Applied Biosystems). Accession numbers of tax sequence in patients with HAM were succgs-
sively from AB036355 through AB036371 and from AB045442 throu@
Cloning of tax gene AB045185. Accession numbers of tax sequence in HCs were success@ely

In one healthy carrier, a mixture of 2 consensus sequences was suggest

g'r;e;:ﬁ:zq‘E)e,\:'/i'ngmléicjuzfetacf 92eﬁga'v(visatsﬁﬂﬁorﬁﬁe?ﬁf ppcc’;'_tg’lz'm € patients in Table 3 are ABO45632 for the son of HAM 9, AB045633 1B
II-TOPO cloning vector (Invitrogen, CA), and the subclones were sébe son of HAM 10, AB045634 for the wife of HAM 19, AB045635 for &
quenced as described above. s!ster of HAM 24, AB045636 for a sister of HAM 34 (1) AB045637 for &
sister of HAM 34 (2) AB045638 for the husband of HAM 39, AB045639 fof
the mother of ATL 36, and AB045640 for the sister of ATL 36. Accession
numbers of théaxsequence at different occasions in Table 4 are AB045641
PCR sequence-specific primer reactions were performed to detect HLfar HAM 5 at August 18, 1997, AB045642 for HAM 15 on April 16, 1999,
A*02 as previously describ&din all samples. AB045643 for HAM 49 on April 7, 1997, and AB045644 for HAM 61 on
January 22, 1998.

efr m AB036384 through AB036395 and from AB045486 through
‘% 45559. Accession numbers of thex sequence of family members of3
h

HLA-A*02 typing

Recognition of wild-type and mutated Tax peptides by a Tax
11-19-specific CTL clone

Wild-type ( HTLV-I Tax 11-19 peptide; LLFGYPVYV) and the mutated ReSults
HTLV-I Tax peptide observed in patients with ATL (LLFRYPVYV) were
synthesized and purified by high-performance liquid chromatograpl%’e

(Kurabo, Osaka, Japan). Influenza virus M1 peptide (GILGFVFTL) was ... . . .
used as a control peptide for binding to HLA-A2A Tax 11-19-specific alsfutlally, we analyzed HTLV-ltax gene by sequencing in 55

CTL clone restricted with HLA-A2 (N1216) was stimulated with<610° patle.n.ts with AT.L' 61 patlents. with HAM/TSP’ and 62 HCs. Four
HLA-A2-matched allogenic peripheral blood mononuclear cells prepuls&€Cific _nuc_leqﬂdes (nucleotide positions at 7897, 7959, 8208,
with 1 mM wild-type Tax 11-19 peptides and 30 U/mL IL-2, as previousy3344) discriminate between 2ax subgroups in Kagoshima,
describect The CTL clone was used 6 days after restimulation. The CTdapar?! Besides these specific nucleotide alterations, several
assay was conducted using Europium (Aldrich Chemical, Milwaukee, Wiucleotide substitutions occurred in many patients and carriers. In

guence variation in the HTLV-l  tax gene
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Figure 1. Summary of the nucleotide alternations in pX nucleotide. (A) All
nucleotide alternations are shown in the upper column. (B) Nucleotide alternations
that alter the amino acid in Tax protein are shown in the middle column. (C)
Nucleotide alternations that alter the amino acid in Rex protein are shown in the lower
column. X-axis: Nucleotide position. Y-axis: Number of times alternation is observed
in a nucleotide position. Dotted bar at nucleotide position 7337 in HCs represents a
mixture of this alternation with the wild-type nucleotide.
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Table 1. Summary of nucleotide alterations in Tax-coding region

Patient HCs HAM ATL

No. patients 62 61 55
No. nucleotide alterations* 62 46 66
No. amino acid alterations in Tax 25 21 31

5’ halft 10 5 14

3’ halft 15 16 17
No. patients with amino acid

change in Tax (%) 24 (38.7) 16 (26.2) 23 (41.8)

*No. nucleotide alterations from the consensus sequence of the Tax subgroup to
which each patient or carrier belongs.

TRex-overlapping portion of Tax.

FNon-Rex-overlapping portion of Tax.

On the other hand, 2 kinds tdx nucleotide substitutions were
specifically observed in patients with ATL. One of these substitu-
tions was a premature stop codon in thehalf of the tax gene go
(Table 2). A nucleotide substitution at 7464 from G to A, whic%l
creates a TAG stop codon, was observed in 3 patients with a@te
ATL and 1 patient with chronic ATL. g

A secondtax nucleotide substitution frequently observed in thg
consensudgax sequence of patients with ATL was at nucleotlcge
position 7337 from Ato G (Table 2). Three patients with acute AT}
had this substitution. Direct sequence suggested that there W:as a
mixture of the wild-type and this altereelx in one healthy carrier z
(HC 34). Sequencing of the subclonic PCR product confirmed§
this mixture in HC 34 (Figure 2). There was also a nucleotige
substitution at position 7464 that created a stop codon in a si@le
subclone in HC 34 (Figure 2).

Transmission analysis of HTLV-I with nucleotide alterations

To examine whether HTLV-I with thegaex nucleotide substitutions
is transmittable, we sequenced tias gene in 7 healthy HTLV-I
carriers who are family members of 6 HAM/TSP patients waéth
nucleotide substitutions. Each family member had completely %1
same tax gene, with substitutions that were observed in t@
HAM/TSP patients in their family (Table 3). For example, a son 81‘
HAM 9 had an identicatax gene sequence with a substitution @
nucleotide position 7953, which suggest this HTLV-l was transnﬁi—
ted from HAM 9. Two sisters of HAM 34 had an identidak gene g
sequence with substitutions at nucleotide position 7496, whih
suggest this HTLV-I was transmitted from their mother and Wés
only observed in each family (Table 3). We also sequenceththeg
gene at different time points in some of the HAM/TSP patien$
however, in each patient these nucleotide substitutions wereghe
same over time (Table 4).

We sequenced the HTLVthx gene in the sister and mother of

119 L/L86/I7/16/4Pd'€7I9!LIE

Table 2. Presence of HLA-A*02 and nucleotide changes at positions 7337 and
7464 in HTLV-I tax

Nucleotide substitution at position

No. HLA-A*02 7337 (GtoR)* 7464 (W to Stop)*
ATL 55 21 (38.2%) 3 ()t 4(1)
:| NS
HAM 61 16 (26.2%) NS 0 0
P<.05
HC 62 27 (43.5%) 1 ()t 0

Figure 1, we summarized the observed nucleotide alterations, TaXpis reported as Fisher exact test (1-tailed).
and Rex amino acid changes, that lay outside the 4 specific NS indicates not significant.

nucleotide positions that defitax subgroups. Tax amino acids in
the 8 half and Rex amino acids tended to be more conserved'In o 1 a-a%02—

patients with HAM/TSP (Figure 1, Table 1).

*Amino acid change resulting from the nucleotide substitution is shown in
parentheses.
positive patients is shown in parentheses.
FAmino acid change in one HC is a mixture of G and R.
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177171712 11 ? 180 Table 4. Comparison of HTLV-I tax sequences at different occasions
4
FEREERLERRIRRR R AR RERRRE LD Qe esionioetvipt
ATKI GATGGTCCATTCTTCTCATTCTAACAATC - "
HC34 Nucleotide change at position
4 A ¢ ¢ Date 7726 7936 7969 8267 8285
T A
TG = ATK-1 G(L) G(L) c(P) A (K) G (D)
1o & w 5% HAM 5 Jul 1, 1994 A(N)
;g E G G Aug 18, 1997 A (N)
4 HAM 15 Mar 22, 1993 A(L)
E Apr 16, 1999 A(L)
9 A © 5 c § HAM 49 Jun 23, 1990 A(L)
%é : c T G Apr 7,1997 A (L)
23 A - 5 HAM 61 Nov 21, 1994 A(P) G(E)
25 A -
Tx GDRCWI PLKLTP| SPLPEVLPSKHGEEKA Jan 22,1998 A(P) G(E)
RLRW* TSFSTPTSTPFSQLEALPPRRGEEV
R B e L PR s i s Amino acid of Tax is shown in parentheses.

Figure 2. Mixture of 2 consensus sequences in HC 34. One consensus sequence

had_ G at 7337 and the other had A at 7337. Two consensgs clor!esT were shadowed. HLA-A*02 positive and one was HLA-A*02 negative (Table 2)0
Variants of this 2-consensus sequence also occurred. Amino acid in Tax and Rex of ]

. - - U2
ATK-1 and the altered amino acid are shown at the bottom. *, stop codon; FS, rame ~ HC 34, who had a mixture of wild-type and variant Tax at amirfo

shift. Stop codon at 7464 is observed as a single subclone. acid position 14 (nucleotide position at 7337), was positive f&r

HLA-A*02 (Table 2). 5
ATL 36, the patient who had a substitution at 7464 that createq:\,gcogmtion of wild-type and altered Tax peptides by a Tax i’
stop codon and who had 2 additional nucleotide substitutions ﬁélt-lg—specific CTL clone %
positions 7743 and 8294). The sequences oftéhxegene were E
identical in the patient, his sister, and their mother, except thatiracontrast to the recognition of the wild-type Tax peptide 11-§9

stop codon was detected only in the patient (Table 3). (LLFGYPVYV) by the Tax 11-19-specific CTL clone, the altere
Tax peptide G4R (amino acid change at position 14 of Tax prot
(LLFRYPVYYV) was not recognized (Figure 3).

Thg nuclgotide substitution at_ position _7(_337 from Ato G _cause_d_ @Quthern blot analysis of HTLV-|

amino acid change from glycine to arginine at amino acid position

14 of the Tax protein. This substitution is responsible for a8outhern blot analysis of the HTLV-I genome digested viagi
alteration in the immunodominant epitope of Tax 11-19 in HLAusing whole HTLV-I as a probe revealed monoclonal proliferati
A*02 patients; therefore, we analyzed the presence of HLA-A*02f HTLV-l-infected cells in all patients with ATL. A typical ATL &
The frequency of HLA-A*02 was 27 of 62 (43.5%) in HCs and 1attern of Southern blot analysis is shown in Figure 4, lane 1. Five
of 61 (26.2%) in patients with HAM/TSP, and this difference wagatients with ATL had deletion of the internal band (Figure 4; langs
significant P = .034; 1-tailed Fisher exact test) (Table 2). Th@-6). These patients had neither a stop codon nor an amino §cid
frequency of HLA-A*02 in patients with ATL was 21 of 55 change in Tax 11-19. Sequence analysis of the tax gene reveal%d 2
(38.2%) and did not differ significantly from that in HCs or patientsther ATL patients with deletions. One had a tax gene deletion fr@m
with HAM/TSP. Among the 4 ATL patients with a premature stomucleotide position at 7392 through 8317 and the other hag@ a
codon at 7464, one was positive for HLA-A*02. Among the 3 ATLdeletion from nucleotide position 7388 through 8277. The§‘e
patients with amino acid alteration at position 14 of Tax, 2 wergatients did not have any amino acid change in Tax peptide 1149.

RBuage
3U
2

Presence of HLA-A*02

V/Lg}Pd'QIO!UE/POOICI/la

Table 3. Comparison of HTLV-I tax sequences within pedigree with the prototypic strain ATK-1

Nucleotide change at position

Sex 7464 7496 7743 7934 7942 7953 8140 8283 8294 8368

20z dunf g0 uo Jsan!

ATK-1 G (W) G (A) G (G) T(L) c(m A(Q) T(F) A (N) C(P) G
HAM 9 G (R)

Son of HAM 9 G (R)

HAM 10

Son of HAM 10
HAM 19

Wife of HAM 19
HAM 24

Sister of HAM 24
HAM 34

Sister of HAM 34 (1)
Sister of HAM 34 (2)
HAM 39

Husband of HAM 39
ATL 36

Mother of ATL 36
Sister of ATL 36

G(9)
G(9)

S (®)] C(F)
cw C(F)
A
AT
A(M)
(M
Tm
A (STOP) A (D) T(S)
No change A (D) T(S)
No change A (D) T(S)

b e o == & e o B e 1 e M e 1 = 1 - 1|

Nucleotide changes at 7897, 7959, 8208, and 8344 are not shown because they are subgroup-specific changes. Prefix of the patient number HAM, ATL represent the
disease status HAM/TSP and ATL, respectively. Amino acid of Tax is shown in parentheses.
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Figure 3. Recognition of wild-type Tax 11-19 peptide and altered Tax 11-19
(G4R) peptide by Tax 11-19—-specific CTL clone restricted with HLA-A*02. Target
Hmy-A2 cells were prepulsed with 1 uM of each peptide. After washing out the
excess unbound peptides, Tax 11-19—specific CTL cells (N1216) were added. The
specific lysis is represented by mean = SD. Tax (#), wild-type Tax peptide 11-19
(LLFGYPVYV). G4R (M), altered Tax peptide at position 4 from glycine to arginine
(LLFRYPVYV). M1 (A), control influenza virus peptide (GILGFVFTL) known to
bind HLA-A2.

Discussion

The purpose of this study was to test the hypothesis that escap@

HTLV-I tax MUTATION INATL 991

viral transmission to ATL 36. One may argue that this mutation
emerged as a result of genetic instability after the malignant
transformation to acute ATL. However, this stop codon was
observed not only in acute ATL but also in one chronic ATL. In
addition, we have previously reported frequent mutations in the pX
region of HTLV-l as a single subclone in HTLV-I-infected
persong In this earlier papet® nucleotide positions 7460 through
8420 were sequenced. There was no stop codon in the consensus
sequence of the individual patients, but there wersesubclones

with mutations at nucleotide 7464, which created a stop codon as a
single subclone in 3 of 5 patients with HAM/TSP and 1 of 2 HCs.
There was also a nucleotide substitution at position 7464 that
created a stop codon as a single subclone in HC 34 (Figure 2).
These findings suggest that a nucleotide position at 7464 is a hot
spot of mutation, and this mutation is unlikely to have been caused
by the genetic instability in malignantly transformed ATL cellg,
Because truncated Tax in thé Balf region loses its functiof, §
HTLV-I itself cannot be transactivated by the Tax with prematuge
stop codon, and HTLV-I associated antigens will not be expresskd.
Such HTLV-l-infected cells will lose their advantage in cef
proliferation given by the wild-type Tax in transactivation activitg
Wk will gain advantage in immune response because those ci;fells

HTLV-I-infected cells from CTL recognition is involved during thethat do not express HTLV-I-related antigens will not be rejected gy
development of ATL. When we sequenced tla gene in 55 the CTL. If this stop codon occurs after the immortalization gf
patients with ATL, 62 patients with HAM/TSP, and 61 HCs, wd1TLV-I-infected cells, such cells will not be rejected by the

found a subgroup with thiax gene defined by 4 specific nucleotid

eHTLV-I-specific CTL but will have chance to accumulate genel‘ic

substitutions (nucleotide positions at 7897, 7959, 8208, 8344). Thlterations for further malignant transformation and may finaé@

tax sequence subgroups were strongly associated with the sfgvelop into acute ATL. _ _ y 5
groups based on the LTR sequeRtdecause these 4 specific 1 ne second peak of nucleotide alteration specifically obsenged

. . . . s D
nucleotide substitutions are not mutations but rather subgrodBATL‘i"asl'Q_the Tax core epitope (amino acid positions 11-19) far
specific nucleotide alterations, we sougdut nucleotide substitu- HLA-A*0212in 3 patients with ATL. In these 3 patients, Tax aming

tions other than these 4 specific nucleotides that are specificai§id Position 14 was altered from glycine to arginine because of

observed in patients with ATL. Peaks at nucleotide positions 7720
and 8297 in patients with HAM/TSP were found in a subcluster of
the tax subgroup with 4 specific nucleotide alterations, and this
sequence was not disease speéific.

Some nucleotide changes seemed to have significance and to b
specific for ATL. A nucleotide change from G to A at position 7464
created a premature stop codon in 4 patients with ATL (3 acute and
1 chronic ATL). These stop codons were observed only in ATL and
not in HAM/TSP or HCs as a consensus sequence of individual
cases (Table 2). Because Tax with this premature stop codon in the
5’ half had been shown to have no functfnye were interested in
finding out whether HTLV-l with this stop codon itax is
transmittable or whether such a mutation emerged after HTLV-I
was transmitted to the patient. When we analyzed the transmission
of HTLV-l with nucleotide alterations intax, tax nucleotide
substitutions in the HC family members of patients with HAM/TSP

were identical to théax nucleotide substitutions in the HAM/TSP 25 kb

patients in each family (Table 3). Moreovetax nucleotide

host DNA Pst | site host DNA Pst | site
varlable 1.8kt 1.2kb 25kb variable 2
4+ 'l
N ) |
TRHgaos {  pol [ env [ fawrex | T
—— px—p

Total probe

= — LTR probe

+——— HTLV-1 provirus —»

1 2 3 4 5 6
ab ab ab ab a_b ab

.

- - g

substitutions were the same in each person on each occasion (Tabl 1.8 kb - B = - -

4). These findings suggest that a new consensus sequetagel of
not emerge in HAM/TSP patients after the HTLV-I transmission to
the patients. On the other hand, when we analyzeththeequence

1.2 kb

of family members (sister and mother) of one patient with ATleigure 4. DNA blot analysis of the HTLV-I proviral genome in peripheral blood

e
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(ATL 36) who had 2 nucleotide substitutions (at positions 7743 ardhphocytes. Ten micrograms cellular DNA was digested with Pstl and subjected to
8294) in addition to the substitution at 7464. which created a St@@ndard Southern blot analysis. The filter was hybridized with a total HTLV-I probe

and then with an LTR probe (B). Arrowheads show the viral-cellular junction bands

codon, only the 2 nucleotide substitutions were observed. The staf 1R probe, in addition to 3 internal bands (2.5 kb, 1.8 kb, 1.2 kb). Schematic
codon was not detected in the family members (Table 3). Thilgstration of the HTLV-I genome, restriction map, and probes are shown on the upper
result demonstrates that HTLV-1 with these 2 nucleotide SubSti'[EP—lumn' (| )Psti site. Lane 1: Typical patient with ATL showing 3 major internal bands

(2.5 kb, 1.8 kb, 1.2 kb) with additional 2 viral-cellular junction bands (arrowheads).

tions (at position 77_43 _and 8294) was transmitted from the mOthL%tﬁes 2-5: Patients with ATL with deletion of internal bands, suggesting wide deletion
to ATL 36 and to his sister, but the stop codon emerged after thene HTLV-I virus (refer to the restriction map above).
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nucleotide alteration at position 7337. Two of them were HLAebserved as consensus sequence in HAM/TSP is that the function
A*02 positive, and one was HLA-A*02 negative (Table 2). Weof Tax may be important throughout the development of HAM/
examined whether the altered Tax peptide (amino acid changeT&P, in contrast to the importance of Tax in the early stages of ATL
position 14 of Tax protein) (LLFRYPVYV) can be recognized bydevelopment. In our study, there was one HLA-A*02-negative
the Tax 11-19-specific CTL clone. In contrast to the recognition &TL patient with this altered Tax peptide. It is possible that Tax
the wild-type Tax peptide (LLFGYPVYV), altered Tax peptidepeptides, including Tax amino acid at position 14, are epitopes for
G4R (LLFRYPVYV) was not recognized (Figure 3). This corehe CTL in this patient. Five patients with ATL with deletions in the
epitope mutation was not present as a consensus sequenceiral structure were detected by Southern blot analysis (Figure 4),
patients with HAM/TSP or in HCs. We could not examine theand 2 other patients with ATL with wide deletions in the tax gene
HTLV-I carriers in the family members of ATL patients with thiswere detected by sequencing. Although such wide deletions are
Tax alteration and, therefore, could not identify whether thikely to be the result of genetic instability, it is of interest that these
alteration emerged after the HTLV-I transmission to the patient atients did not have either a premature stop codon or an alteration
whether this altered HTLV-I is itself transmittable. However, oni the core epitope for HLA-A*02. These findings suggest viral
healthy carrier (HC 34) had a mixture of the wild-type and thiescape from CTL recognition play an important role in the develop-
alteredtax. HC 34 was positive for HLA-A*02. Sequencing of thement of ATL.

subclonedtax PCR product in HC 34 revealed that there were In addition to the immune escape from CTL as a mechanism for
variants of both wild-type and alteredx at nucleotide position ATL development, frequent deletion of cyclin-dependent kinage
7337 (Figure 2). Because variants are supposed to emerge by ialbitor genes (p18+4* and p1%'K“B) has been reported in acut§
replication, HTLV-I with this nucleotide alteration at 7337 musiTL.3°And it has been reported that chronic ATL, with deletions E_ig
have been expressed in the patient. There are several possibilitiksse genes, rapidly progresses to acute TThese findings §
One possibility is that HTLV-I with the alteration at 7337 emergeduggest that although viral escape from CTL recognition plas
after viral transmission to the patient but still has impairedn important role in the development of ATL, genetic chang?s
function. In this case, although transactivation activity is lowencluding cyclin-dependent kinase inhibitor genes are still r§-
than the wild-type Tax, HTLV-I and the alteration in the coreyuired for further malignant transformation in the development@f
epitope for HLA-A*02 were selected by the CTL. The disadvanacute ATL.

tage of the altered Tax in proliferation and the advantage of the In conclusion, we speculate the mechanism of ATL develqp-
ability to escape from the CTL may make a mixture of both clonasent as follows. First, Tax plays an important role as a kgy
in HC 34, who is positive for HLA-A*02. The second possibility isregulator for proliferation and immortalization of the HTLV-I-&
that HTLV-I, with the alteration at 7337, naturally exists withinfected lymphocytes through its interaction with cellular proten%‘s
function and is transmittable, and both wild-type and altered clongsthe early stages. Second, HTLV-l-infected cells not recognlgd
are infected in different cells in same person. The third possibility the CTL for HTLV-I are selected after immortalization at least &
is that though this mutation emerged after the viral transmissionédgme cases. Finally, additional genetic changes for mallgnant

the patient and does not have transactivating activity, wild-typgansformation are accumulated and result in acute ATL.
HTLV-l is doubly infected in one cell. In this case, both HTLV-I

can be expressed by the wild-type Tax in a cell, and variants can be

observed for the both clones. We could not distinguish these

possibilities from our current data. One report of this tax nucleotidﬁtcknowledgments
variation at 7337—which changes the Tax amino acid at position

14—is the most frequently observed sequence variant in HLAVe thank Ms. T. Muramoto and Ms. Y. Nishino (Third Departmest
A*02 positive patients (6 of 17@axclones) in HAM/TSP and HCs of Internal Medicine, Kagoshima University, Japan) for thegr
but was not observed as a consensus sequence in the indivitluaécellent technical assistance; we also thank Professor Charle% R.
Their findings suggests that this nucleotide change at 7337, whigh Bangham (Immunology Department, Imperial College Schcg)I
alters the dominant epitope for HLA-A*02, is a hot spot obf Medicine at St. Mary’s, United Kingdom) for critical reading og
mutation. One possible reason this core epitope change was th& manuscript.
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