


VARIANT TYPE OF SIALYL LeX ANTIGEN ON ATL CELLS

Table 1 Clinical features of the 15 ATL patients and expression of sialyl Le* antigens on their CD4+CD45RO+ cells

Abnormal Organ involvement Sialyl Le*/CD4+CD45RO+ (%)
Age Clinical WBC lymph  CD4 LDH® Chemo-

Patient  (yr) Sex stage (10%/pul) (%) (%) CD4/8 (W.U.) therapy Skin Lung H S LN CNS 2F3 SNH3 FH6 Prognosis
1(Y.N) 65 M Smold. 7,500 05 422 40 379 - + - - - - - 316 45 47  A(16mo+)
2(M.H) S5 F Smold 3,800 315 65.1 3.7 378 - + - - - - - 47.6 83 129 A (18 mo+)
3(KY) 4 M Chron. 10,300 58.0 93.1 222 374 - + - -+ + - 94.9 309 320 D (14 mo)
4(T.M) 44 M Chron. 9700 390 686 51 290 - + - - - - - 46.4 6.3 55  A(38mo+)
5(M.S) 48 M Chron. 22,700 56.5 860 109 564 - - - -+ o+ - 7.6 15 4.1 D (8 mo)
6(T.T.) 69 F Lymph. 5,700 0.5 573 35 256 - - - - -+ - 42.6 8.1 30.5 A (4 mo+)
7(T.M.) 65 F  Acute 11,800 17.0 88.0 628 1072 + + - -+ + + 82.1 59.8 67.2 D (21 mo)
8(M.N) 84 F Acute 7,000 11.5 72.1 59 632 + + - - - 4+ - 71.1 38.1 69.5 A (1 mo+)
9(K.0) 69 M Acute 17000 770 666 600 555 + -+ o+ o+ - 349 33 327 D(3mo)
10(A.0) 65 M Acute 10,200 21.0 793 378 463 + + - - - - - 285 11.2 10.6 D (8 mo)
11(ILN) 64 M Acute 8,200 13.0 342 55 418 + + - o+ + - - 242 37 18 A (16 mo+)
12(T.S.) 56 M  Acute 6,300 320 727 8.6 430 + + + - - 4+ - 39.2 7.0 9.2 D (49 mo)
13(M.0.) 56 F Acute 21,300 98.5 96.1 96.1 491 + - + - - - - 15.1 1.0 15 D (14 mo)
14(Y.H) 51 F Acue 7500 100 655 58 580 - - - -+ o+ - 126 1.6 66 D (6mo)
15(T.F) 64 F Acute 16900 800 943 524 962 + - - -+ o+ o+ 124 83 131 D(3mo)

“ LDH, lactate dehydrogenase; W. U., Wroblewski Unit; Smold., smoldering type; Chron., chronic type; Lymph., lymphoma type; H, hepatomegaly; S, splenomegaly; LN, lymph

node; CNS, central nervous system; D, dead; A, alive.

was prepared from peripheral blood mononuclear cells, and 10 pg
DNA of each preparation were used for the standard DNA blot assay
after Pstl digestion. When hybridized with >2P-labeled HTLV-1 DNA
containing the whole viral sequence, most of the cases showed three
bands (2.5 kilobase, 1.8 kilobase, 1.2 kilobase) which represent inter-
nal fragments of HTLV-1 provirus cleaved by Pstl, and additional

A

bands which represent fragments carrying cellular flanking sequence.
This was confirmed by rehybridization with 32P-labeled HTLV-1
long-terminal repeat probe and proved for the monoclonally prolifer-
ation of HTLV-1-infected cells (Fig. 1). Seemingly, there was a great
variation in the number of circulating abnormal, apparently malignant
cells (having indented or lobulated nuclei) between the patients (i.e.,
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Fig. 1. A, schematic illustration of the HTLV-1 genome, restriction maps, and probes. Arrows, Psil site. l and N, regions of the probes used. B, DNA blot analysis of the HTLV-1
proviral genome in peripheral blood lymphocytes of ATL patients. Ten pg cellular DNA was digested with Pstl and subjected to the standard Southern blot procedure. The filter was
hybridized with a total HTLV-1 probe (Lane a) and then with a long-terminal repeat (LTR) probe (Lane b). Numbers at top of lanes, case numbers in Table 1. All cases showed the
viral-cellular junction bands with LTR probe (arrowheads), in addition to two (cases 4, 7, and 10) or three internal bands (cases 1-3, 5, 6, 8, 9, 11, 12, 14, and 15). In case 13, only

one band was hybridized with both probes.
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Fig. 2. Typical skin lesion of ATL observed in case 3 (patient K. Y.). Lesions of the
upper half of the body (A) and forearm (B).

0.5% in patients Y. N. and T. T, to 98.5% in patient M.O. of
peripheral blood white cells, see Table 1). But also in patients Y. N.
and T. T., more than 5% of mononuclear cells were malignantly
proliferated, considering the sensitivity of Southern blot analysis.

Expression of the 2F3-defined Sialyl Le* Antigen among
CD4+CD45RO+ Cells of Patients with ATL. Fig. 2 shows the
typical skin lesion of ATL observed in case 3 (K. Y.). It was noted that
the CD4+CD45RO+ cells from the ATL patients who had significant
dermal infiltration of leukemic cells (patients Y. N, M. H,, K. Y.,
T. M, T. M, M. N, K. O,, A. O, I. N, and T. S.) expressed
2F3-defined sialyl Le* more strongly (50.1 * 23.1% of the
CD4+CD45RO+ cells were positive) than in CD4+CD45RO+ cells
from patients without apparent skin involvement, such as patients
M.S,T.T,M. O, Y. H, and T. F. (18.1 * 12.5%). The difference
in the 2F3 positivity between these two populations was statistically
significant at P < 0.01 according to Student’ ¢ test (Fig. 3). The
expression of 2F3-defined sialyl Le™ antigen did not correlate with
splenomegaly and lymph node swelling. The correlation between the
expression of 2F3-defined sialyl Le™ antigen and hepatomegaly or
lung invasion or central nervous system invasion was not clear,
because the patients who showed these symptoms in this study were
only two cases.

Expression of Other Surface Markers Including Adhesion Mol-
ecules. To investigate whether other adhesion molecules are associ-
ated with skin involvement, sialyl Le* antigen defined by SNH3 or
FH6 and other surface markers including ICAM-1, LFA-1, VLA4,

CD4, CD45RO, IL2-R, HLA-DR, and L-selectin were examined
using flow cytometry. Expression of the classical sialyl Le* antigen
recognized by FH6 (20.1 *+ 21.5% of the CD4+CD45RO+ cells) and
SNH3 (12.9 * 16.2% of the CD4+CD45RO+ cells) was lower than
variant-type sialyl Le™ antigen (39.4 * 25.2%, Table 2). The expres-
sion of the FH6-defined classical sialyl Le* antigen in patients with
skin involvement (24.6 * 24.1%) was not significantly different from
patients without skin involvement (11.2% * 10.4%). The expression
of the other classical sialyl Le™ antigen defined by SNH3 in patients
with skin involvement (17.3 * 18.2%) was not significantly different
from patients without skin involvement (4.1% * 3.4%) (Fig. 3). The
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Fig. 3. Correlation between the skin lesions of ATL patients and the expression of
2F3-defined sialyl Le* on CD4+CD45RO+ cells (left column). Expression of 2F3-
defined sialyl Le* antigen among CD4+CD45RO+ cells was higher in ATL patients with
skin lesions (@) than in patients without skin lesions (O). Bars, mean * SD. Correlation
between the skin lesions of ATL patients and the expression of other classical sialyl Le*
antigens defined by FH6 (center column) and SNH3 (right column) on CD4+CD45RO+
cells were not significant.

Table 2 Surface marker expression on CD4+CD45RO+ cells of patients

ATL with ATL without
Surface marker ATL total skin lesions skin lesions
2F3-defined sialyl Le* 394 £25.2 50.1 £23.1 18.1+125
(n=15) (n=10) (n=5)
L—pP<001 —
SNH3-defined sialyl Le* 129 *16.2 173+ 182 41+34
(n=15) (n = 10) (n=5)
significan
FH6-defined sialyl Le™ 20.1 £21.5 24.6 £ 24.1 11.2+104
(n =15) (n = 10) (n=5)
signifi
ICAM-1 (CD54) 229 +144 26.5+155 156+79
(n=15) (n=10) (n=5)
significan
LFA-1 (CD18) 62.6 *36.0 60.0 * 36.1 67.9+35.0
(n=15) (n=10) (n=15)
significan
VLA4 (CD49 d) 483 +£29.7 42.6 +26.8 59.7+32.0
(n=15) (n =10) (n=5)
significan
CD4 72.1 £17.7 68.2+174 79.8 £15.7
(n = 15) (n = 10) (n=5)
signifi
CD45RO 739 £19.0 70.9 £ 19.7 80.0+ 159
(n=15) (n=10) (n=5)
signifi
IL2-R 574 £239 54.6 £27.1 62.9 +13.9
(n = 15) (n = 10) (n=5)
0 signifi
HLA-DR 32.7 £16.5 375%154 232+ 144
(n =15) (n=10) (n=5)
signifi
L-selectin (Leu8) 740 £11.1 69.5 = 10.5 80.1+88
(n=7) (n=3) (n=4)
signifi
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Fig. 4. Immunohistological findings of skin and
lymph node biopsy specimens of ATL lesion. A, skin
lesion from case 3 (patient K. Y.) stained with 2F3; B,
lymph node from case 3 (patient K. Y.) stained with
2F3; C, skin lesion from case 4 (patient T. M.) stained
with 2F3; D, skin lesion from case 10 ( patient A. O.)
stained with 2F3; E, skin lesion from case 8 (patient M.
N.) stained with 2F3; F, skin lesion from case 8 (patient
M. N.) stained with SNH3; G, skin lesion from case 8
(patient M. N.) stained with CSLEX-1; H, lymph node
from case 8 (patient M. N.) stained with 2F3. Diffuse
infiltration of atypical lymphocytes into the dermis and
lymph node was observed. The infiltrating lymphocytes
in the dermis of each case were positive for the 2F3-
defined sialyl Le* antigen, and were negligible for the
classical sialyl Le* antigen defined by SNH3 and
CSLEX-1 in case 8. While in the lymph nodes from
case 3 (patient K. Y.) and case 8 (patient M. N.),
infiltrating lymphocytes were almost negligible for the
2F3-defined sialyl Le* antigen.

VARIANT TYPE OF SIALYL LeX ANTIGEN ON ATL CELLS

expression of other surface markers did not apparently correlate with  of variant-type sialyl Le™ antigen (Fig. 4). In each case, diffuse
clinical symptoms of organ invasion, including skin invasion. infiltration of atypical lymphocytes into the dermis was observed, and

Immunohistochemical Examination. In cases 3, 4, 8, and 10, the infiltrating lymphocytes were strongly positive for the
biopsy specimens of skin were examined to determine the expression ~ 2F3-defined sialyl Le™ antigen. In case 8, we could also examine the
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expression of classical sialyl Le* antigens using SNH3 and CSLEX-1,
but these classical sialyl Le* were almost negligible on the infiltrating
lymphocytes in the dermis. In cases 3 and 8, biopsy specimens of
lymph nodes were also examined. Infiltrating lymphocytes into the
lymph nodes were almost negligible for the 2F3-defined sialyl Le*
antigen.

DISCUSSION

Leukemic cells of ATL infiltrate into a number of organs such as
the liver, spleen, lymph nodes, lungs, and skin. The high incidence
of skin involvement is a characteristic feature of ATL when
compared with other lymphoid neoplasms. Adhesion of leukemic
cells to endothelial cells is a critical step in leukemic cell infiltra-
tion. Recent studies have shown that three sequential steps provide
the traffic signals that regulate leukocyte localization in the vas-
culature. Selectins, chemoattractants, and integrins act in sequence.
Combinational use of these adhesion molecules contributes to the
distinctive recirculation behavior of lymphocyte subsets (10). In
the case of skin-homing lymphocytes, sialyl Le*/E-selectin (23),
LFA-1/ICAM-1, and VLA-4/VCAM-1 pathways are thought to
play an important role (10). CLA, recognized by HECA 452
monoclonal antibody, is supposed to be a sialyl Le*-related antigen
and comprises the major T cell ligand for E-selectin has been
reported (14, 24), as well as the association of this ligand and
epidermotropism in cutaneous T cell cancers (25, 26). We exam-
ined whether some of these adhesion molecules are associated with
organ-specific infiltration of ATL cells. In the present study,
expression of LFA-1, ICAM-1, and VLA-4 on ATL cells did not
differ significantly among patients with or without skin involve-
ment or other organ infiltration (Table 2). These findings are the
same those reported by Ishikawa et al. (20). Although the sialyl
Le*/E-selectin adhesion pathway was thought to play an important
role in ATL cell adhesion to endothelial cells, the true ligand for
E-selectin on ATL cells was unclear (20). Classical sialyl Le*
antigen is expressed on natural killer cells (19). 2F3 monoclonal
antibody recognizes sialyl Le*-related antigen and react with a
subpopulation of CD4+CD45RO+ helper memory T cells (21).
HECA 452 recognizes both sialyl Le* and sialyl Le® antigen and
react with a subpopulation of CD4+CD45RO+ helper memory T
cells and some of killer and B cell subsets (12). The reactivity of
2F3 monoclonal antibody is more restricted compared to HECA
452. In our study, expression of an antigenically unique form of
sialyl Le™-related antigen defined by 2F3 on CD4+CD45RO+ T
cells of ATL patients was higher than classical sialyl Le* antigen
detectable by SNH3 or CSLEX-1 and had a correlation with skin
involvement. We could not specifically identify the malignant T
cells from benign T cells in peripheral blood mononuclear cells,
but most of the ATL cells are known to originate from
CD4+CD45RO+ T cells and that monoclonally proliferated ATL
cells occupy a major population in CD4+CD45RO+ cells. Ohmori
et al. (21) showed that four of six ATL-related cell lines express
2F3-defined sialyl Le* antigen, and this was higher than classical
sialyl Le* antigen, while non-ATL-related T cell lines failed to
express 2F3-defined sialyl Le* antigen. The adhesion of these
2F3-positive ATL-related cell lines to HUVEC was blocked by
anti-E-selectin antibody or 2F3 mAb, but was not blocked by FH6
(21). Expression of 2F3-defined sialyl Le* antigen was extremely
high in patients K.Y ., T. M., and M. N. In these patients, classical
sialyl Le™ antigen was lower than 2F3-defined antigen, but was
higher than other patients with skin involvement. These findings
may suggest that conventional antibodies cross-react with T cell
nonclassical sialyl Le* antigen at high ligand densities. When we

examined the expression of other surface markers on ATL cells of
peripheral blood, we found no apparent difference among patients
with or without specific organ involvement. However the role of
VLA4 must be further studied because CD49d identifies two
distinct a4-integrins, a4B1 and a4B7, with distinct contributions
to lymphocyte extravasation in different sites.

To ascertain whether 2F3-defined sialyl Le* antigen really plays
a role in skin involvement, the expression on ATL cells at skin
lesions was examined in Fig. 4. The expression of 2F3-defined
sialyl Le* antigen on ATL cells in the skin was extremely strong in
patients with skin involvement but classical sialyl Le* antigens
defined by SNH3 and CSLEX-1 was negligible, and the expression
of 2F3-defined sialyl Le* antigen was negligible in the lymph
node. These findings suggest that 2F3-defined sialyl Le* antigen is
one of the true ligands for E-selectin on ATL cells, and is associ-
ated with skin involvement.

The difference in the structure between the classical sialyl Le* and
the 2F3-defined sialyl Le* is still unknown (21). Expression of sialyl
Le* antigen is most likely regulated by the expression of a specific
Fuc-T (23, 27). At present, more than four types of Fuc-T have been
reported (28-32), including Fuc-T III, IV, V, and VI. This postulates
the presence of various species of sialylated carbohydrate antigen
closely associated with sialyl Le™ antigen (33, 34). We could not
detect any expression of mRNA of Fuc-T III, IV, V, and VI in ATL
cases by Northern blotting, which suggests that a new Fuc-T is
involved in the synthesis of 2F3-defined variant sialyl Le* antigens.
Recently a novel fucosyltransferase VII was cloned (35, 36) and we
are now examining the expression of this gene.

We compared the Ps:l digested pattern of HTLV-1 proviral DNA
of peripheral blood lymphocytes among patients with or without
skin involvement. When hybridized with 32P-labeled HTLV-1
DNA containing the whole viral sequence, three bands (2.5 kilo-
base, 1.8 kilobase, and 1.2 kilobase) were detected regardless of
skin involvement in most of the cases. These common bands were
identical in size to those detected in ATL previously reported, and
correspond to the internal viral fragments of the proviral genome.
These results suggest that the provirus genomes detected in ATL
patients are identical to each other regardless of the skin involve-
ment and that the skin symptom is not associated with a mutant-
type HTLV-1.

In our study, association between the expression of 2F3-defined
sialyl Le* on ATL cells and the skin involvement of ATL cells was
suggested. The restricted expression of vascular adhesion molecules
to specific tissues and their ligands to specific subsets of lymphocytes
might account for the nonrandom recirculation pattern of memory T
cells. The skin infiltration is known not to be related to the prognosis
of patients with ATL. The expression of 2F3-defined sialyl Le™ did
not seem to correlate with the prognosis of ATL, although the obser-
vation period was not long enough (Table 1). Some other or additional
adhesion molecules on ATL cells may associate with other organ
invasion (e.g., lungs), which is more critical for the prognosis. These
adhesion molecules must be further studied.
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