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Metastatic Potential of Lymphoma/Leukemia Cell Lines in SCID Mice Is Closely

Related to Expression of CD44
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To investigate whether the lymphocyte homing receptors, adhesion molecules regulating normal
Iymphocyte traffic, influence the dissemination of lymphoma cells, 24 lymphoma/leukemia cell lines
were inoculated into SCID mice subcutaneously, and the correlation between the expression of the
adhesion molecules and the metastatic potential of the cell lines was examined. Among the six
adhesion molecules examined {(LFA-1, ICAM-1, CLA, VLA-4, L-selectin and CD44), L-selectin
increased the incidence of lymph node metastasis, and CD44 expression was related to both lymph
node and organ (hematogenous) metastasis, A monoclonal antibody to the standard form of CD44
(CD44s), Hermes-3, inhibited the local growth and remote metastasis of CD44* cell lines. Thus, it is
concluded that at least CD44s expression is important in both lymphatic and hematogenous metasta-

sis.
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Most mature lymphocytes recirculate continuously be-
tween the blood and the lymphoid organs via high en-
dothelial venules (HEVs)." This step is mediated by
interactions between the lymphocyte homing receptors
expressed on the lymphocyte cell surface and the en-
dothelial ligands.® Recently, several homing receptors
have been identified and characterized.®®

VLA-4, which belongs to the Sl-integrin family, is
involved in the strong adhesion of lymphocytes to the
endothelial cell surface through VCAM-1.5'9 It is also
involved in the adhesion of B cells to follicular dendritic
cells in the germinal centers.'” LFA-1 (CD11a/CD18),
which belongs to the S2-integrin family, has also been
implicated in strong lymphocyte adhesion to HEVs
through ICAM-1 and ICAM-2, which belong to the
immunoglobulin (Ig) superfamily."®'™ ICAM-1 is ex-
pressed not only on endothelial cells, but also on leuko-
cytes, fibroblasts and epithelial cells.® L-Selectin
(LECAM-1, CD62L) belongs to the selectin family and
binds to the sialyl Lewis®,'¥» MAdCAM-1,'¥ CD34¥ and
GlyCAM-1."" L-Selectin participates in the lymphocyte
homing to HEVs of the peripheral lymph nodes through
CD34 and GlyCAM-1 and that of the mucosal lymphoid
apparatus through MAdCAM-1.*'2 CLA (cutaneous
lymphocyte-associated antigen) is thought to be a skin
lymphocyte homing receptor expressed on memory T
cells and to bind to the vascular adhesion molecule
E-selectin preferentially expressed at inflammatory skin
sites.'® CD44 is a widely distributed cell surface glyco-
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protein with proposed multifunctions in cell-cell and
cell-extracellular matrix interactions that are involved in
hematopoiesis, cell migration and lymphocyte hom-
ing."'® CD44 is known to bind to hyaluronic acid,
collagen and fibronectin, but the ligand on endothelial
cells remains to be clarified.”!'® CD44 isoforms are
generated by alternative splicing of at least 10 variant
exons.'” The major CD44 isoform on lymphocytes is the
smallest standard molecule (CD44s). Different, larger
variant isoforms of CD44 are expressed widely through-
out the body, especially on epithelial cells. The variant
exon 6 and exon 9 (CD44-6v and CD44-9v} are also
transiently upregulated on T cells after mitogenic stimu-
lation."” Recently, CDD44-6v was reported to be related
with metastatic or aggressive behavior of malignant tu-
mors including non-Hodgkin’s lymphoma.®?2

Because non-Hodgkin’s lymphomas represent the ma-
lignant counterparis of normal lymphocytes, the above-
mentioned adhesion molecules regulating normal lym-
phocyte traffic may also, at least to a certain extent, be
involved in the dissemination of these malignancies. In
the present work, we have explored the correlation be-
tween the expression of these adhesion molecules and the
dissemination of lymphoma/leukemia cells transplanted
into C.B.17 scid/scid mice (SCID mice) using human
hematopoietic cell lines.

MATERIALS AND METHODS

Animals SCID mice were purchased from Japan CLEA
Co., Tokyo and were maintained under pathogen-free
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Table I. Expression of Adhesion Molecules in the Cell Lines (%)
N . Adhesion molecule
Cell line QOrigin -

VLA-4 L-selectin CLA L1FA-la LFA-18 ICAM-1 (D44
TALL-1 T-ALL 90.9 23 0 100 79.5 255 100
KE-37 T-ALL 45.5 0 0 23 33.2 56.5 100
HPB-ALL T-ALL 95.2 0 0 50 53.9 0 100
HSB-2 T-ALL 88 63.5 1 100 100 100 94
MOLT-4 T-ALL 99.1 21.5 0 96 89.8 5 100
KOPT-K!1 T-Lymphoma 100 4.3 0 0 0 0 90
JURKAT  T-Lymphoma 96.1 5.5 0 0 15.3 39.4 0
MAT T-Lymphoma 62.6 8.8 0 100 18 25 100
DL-40 T-Lymphoma 50.5 5.5 1 1 1 0 1
HUT-102 Mycosis fungoides 0 0 66.9 96.5 95.5 99 100
MT-1 ATL 0 34 24.6 94.5 91 0 5
SALT-3 ATL 65.3 ] 0 21.4 13.9 100 100
ED-S ATL 80.8 71 78 93.5 81.9 76.7 72.8
MT-2 HTLV-1 transformed T 72 35 5.5 9.5 5.5 100 73
MT-4 HTLYV-1 transformed T 69.3 89.3 65.3 85 50.4 82.4 85.2
BALL-1 B-ALL 98 3 0 1 4 94 85
BALM-1 B-ALL 88.2 14.9 0 72.4 77.5 92 22.7
SU-DHL4 B-Lymphoma 75.8 0 0 79 81.3 95.7 0
SCOTT B-Lymphoma 85 2.5 2 6 3.5 14.5 1
KW B-Lymphoma 84.5 25 0 9 4.5 94.5 1
KCA B-Lymphoblastoid 4 0 1 2.5 9.5 100 100
LBF B-Lymphoblastoid 89 87 62.5 100 95.5 88 100
LB-25 B-Lymphoblastoid 90 90.5 100 100 100 100 5
NALL-1 Non-B, non-T, ALL 92 4.8 55 1.5 3.8 39 92

conditions at the Animal Center for Medical Research of
Okayama University Medical School,

Cell lines The cell lines used in this study included
T-ALL, T-lymphoma, ATL, mycosis fungoides, HTLV-
I-transformed T-cell, B-ALL, B-lymphoma, B-lympho-
blastoid and non-B non-T-ALL lines and are listed in
Table I. The KW, KCA, LBF, and LB-25 cell lines were
kindly provided by Dr. E. C. Butcher (Stanford Univer-
sity, California). The other cell lines were maintained in
our laboratory or were provided by the Fujisaki Cell
Bank Center at Hayashibara Biochemical Laboratories
(Okayama). All cell lines were cultivated in RPMI 1640
medium supplemented with 10% heat-inactivated fetal
calf serum, 50 U/ml penicillin, 50 gzg/ml streptomycin
and 4 mM 1-glutamine and incubated in a 5% CO.-
humidified atmosphere at 37°C.

Antibodies Monoclonal antibodies (mAbs) to adhesion
molecules included anti-VLA-4 mouse mAb (Immuno-
tech 8. A.; Marseille, France), two kinds of mouse mAbs
against LFA-1 (DAKO, Glostrup, Denmark), and anti-
ICAM-1 mouse mAb (BBA-3) (British Biotechnology
Ltd., Oxon, UK)}. Anti L-selectin mouse mAb (Dreg56),
anti-CD44 mouse mAb (Hermes-3), and anti-CLA rat
mAb (Heca452), which were kindly provided by Dr.
Butcher, were also used. These mAbs were used at a
dilution of 1:20-1:40. Abs against CD1 (Leu6), CD3

(Leud), CD4 (Leu3a), CD5 (Leul), CD8 (Leu2a),
CD19 (Leul2), CD20 (Leuls), CD22 (Leul4) and
Leu7 were purchased from Becton Dickinson Immuno-
cytometry Systems (San Jose, CA). Abs against pan B
cells (L26), CD45RO (OPD4), CD30/Ki-1 (Ber-H2),
CD45 (LCA) and EMA (E26) were purchased from
DAKO (Glostrup), MT-1 was from Bio-Science Prod-
ucts AG (Emmenbrucke, Switzerland), and mAbs against
Cdw75 (LN-1), CD74 (LN-2) and HLA-DR (LN-3)
were from Techniclone International Corporation (Santa
Ana, CA). Rabbit antisera to the kappa light chain of
human Ig and the lambda light chain of human Ig were
purchased from Becton Dickinson Immunocytometry
Systems.

Imrmunofluorescence Expression of the adhesion mole-
cules was examined by the indirect immuncfluorescence
method using six kinds of mouse mAbs and one kind of
rat mAb against various adhesion molecules (VLA-4,
LFA-1, ICAM-1, L-selectin, CD44 and CLA). Cells (1
X 10°) were incubated on ice for 1 h with each mAb and
then incubated with FITC-conjugated anti-mouse Ig goat
serum or FITC-conjugated anti-rat Ig goat serum diluted
1:20 (TAGO, Burlingame, CA) for 30 min on ice. The
stained cells were observed with a fluorescence micro-
scope, and the ratio of positive cells was calculated.
Immunocytechemistry Immunostaining was performed
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by an indirect avidin-biotin complex method (SensiTek
universal kit, ScyTek Laboratories, Logan, UT) as fol-
lows. Cell smears were fixed in cold acetone for 10 min
and then incubated with bovine serum diluted 1 : 10 for
10 min to block nonspecific staining. They were washed,
and incubated with appropriate dilutions of each anti-
body at room temperature for 1 h, with biotin-conjugated
anti-mouse Ig goat 1gG for 30 min, and then with peroxi-
dase-labeled streptavidin. The reaction was visualized by
incubating with 0.3 mg/ml diaminobenzidine for 5-8 min
in the presence of hydrogen peroxide in 0.1 M phosphate-
buffered saline (pH 7.4).

Reverse transcription-polymerase chain reaction (RT-
PCR) Total cellular RNA was isolated from 108 cells of
each cell line using RNA sol B (CINNA/BIOTECX
Laboratories, Inc., Houston, TX) according to the manu-
facturer’s instructions. cDNA was synthesized from 35 ug
of total cellular RNA by reverse transcription with viral
reverse transcriptase. The procedure was performed
using the Ready-To-Go T-Primed First-Strand Kit
{Pharmacia Biotech, Tokyo) following the kit manual.
Semi-nested and nested PCR for CD44 was carried out
as follows. The primers, designed according to the re-
ported sequence of human CD44,% were 5'-TTACACC-
TTTTCTACTGTACACCCC (F5), 5-CCAGGCAAC-
TCCTAGTAGTACAAC (F10), 5-TTTGGGGTGTC-
CTTATAGGACCAG (R16), 5-TCAGATCCATGA-
GTGGTATGGGAC (R15), and 5-GAATGGGAGT-
CTTCTCTGG-GTGTT (R10). First, 30 cycles of PCR
were performed with two primers, F5 and R16. To detect
the standard form of CD44 (CD44s), 30 cycles of PCR
were performed with primers F5 and R15, Primers F10
and R 10 were used for PCR of the second step to detect
the variant exon 6 of CD44 (CD44-v6). PCR reactions
were performed as follows: 100 ng of cDNA was used as
the template in a 50 gl reaction mixture that contained 10
mM Tris-HCI (pH 8.0), 80 mM K], 500 yg/ml bovine
serum albumin, 0.19% sodium cholate, 0.19 Triton X-
100, 200 1M of each NTP, the appropriate primers at 60
pM, and 0.8 units of Tth DNA polymerase. Each PCR
cycle consisted of 1 min at 95°C, 2 min at 62°C, and 3
min at 72°C. PCR performed for 30 cycles at each
amplification.

Heterotransplantation SCID mice (6-weck-old males)
were inoculated subcutaneously with 2.0 107 cells from
each cell line to their left back. Four animals were used
for each cell line. All of them were kept under pathogen-
free conditions for 12 weeks. During this period, all
visceral organs and enlarged lymph nodes were removed
from mice found dead and from those killed after having
been found in a2 moribund state. The rest of the mice were
killed at the end of the observation period and examined
in the same manner. Frozen tissue blocks of the primary
subcutaneous tumors and some metastatic tumors were
made from the mice killed at the end of the experiment.
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Tissues from the brain, salivery glands, lungs, heart,
liver, kidneys, spleen, pancreas, stomach, large intestine,
seminal vesicles and testicles of all animals were immedi-
ately fixed in buffered formalin, stained with hematoxylin
and eosin, and observed microscopically. The numbers of
metastatic foci in the organs and the lymph nodes were
evaluated. To discriminate transplanted human cells
from SCID mouse cells, tissues were immunostained with
anti-human CD45 mouse mAb and rat mAbs, L3/T4 and
Ly5 (B220), which react with murine T and B cells,
respectively.

Effect of anti-CD44 mAb on growth and metastasis of
heterotransplanted leukemia cells To evalnate the effect
of anti-CD44 mAb on the progression of CD44-positive
lymphoma cells, the tumor-bearing SCID mice were
treated with anti-CD44 mAb. We used a T-ALL line,
HSB-2, which is CD44-positive and highly metastatic.
First, 2X 10" HSB-2 cells per mouse were inoculated
subcutaneously into 30 male SCID mice, 5 wecks old, in
their left back. Beginning 1, 3, 7, or 10 days after the
inoculation, 100 yg of anti-CD44 mAb, Hermes-3, was
given intraperitoneally to 6 mice of each group twice a
week. Tumor size was calculated by measuring the
lengths of three dimensions of the tumors. Dead or
moribund mice were autopsied to examine metastatic
foci in the visceral organs and lymph nodes. The rest of
the mice were killed 6 weeks after the first inoculation,
and observed in the same way. As a negative control, a
class-matched anti-human CD3 mouse mAb, OKT-3,
was successively injected into the other six mice begin-
ning one day after the transplantation.

Cell proliferation assay The cytotoxic effect of mouse
mAbs on HSB-2 cells was examined by keeping HSB-2
cells (1 X 10*/well) with each mAb (100 ¢g/ml) added to
the medium in 96-well culture plates (Iwaki glass,
Chiba). The cell number of each well was counted 3 days
later.

Statistical analysis The y square test was used to com-
pare the numbers of mice with metastatic tumors. The
paired ¢ test was also used to compare the numbers of
organs or lymph nodes in each group. A P value below
0.05 was considered significant.

RESULTS

Adhesion molecule profiles of each cell line Expression
of adhesion molecules was examined by immunofluorocs-
copy (Table I). When over 209 of the cells reacted in-
tensely with a given mAb, a cell line was evaluated as
positive. Among the 24 human lymphoma/leukemia cell
lines examined, 21 were VLA-4-positive, 9 were L-selec-
tin-positive, 7 were CLA-positive, 15 were LFA-1a-posi-
tive, 13 were LFA-15-positive, 17 were ICAM-1-positive,
and 17 were CD44-positive.

Tumorigenesis and metastatic potential of the cell lines in
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Table II. Transplantability and Organ or Lymph Node Metastases of the Cell Lines
Cell line No. of mice No, of mice with No. of mice with Metastasized organ
with tumor (%) lymph node metastases (%) organ metastases (%) No. Site
TALL-1 4 (100} 3 (9 4 (100) 13 BRN LNG LIV SPL PAN KID
KE-37 4 (100} 0 0
HPB-ALL 4 (100} 2 (50 3 (75) 8 LIV SPL PAN KID
HSB-2 3 (75) 3 (75 3 (73 11 BRN LIV SPL PAN KID
MOLT-4 3 (73) 2 (50) 2 (50) 4 LIV PAN KID
KOPT-K1 1 (25) 0 0 0
MAT 2 (50) 2 (50) 2 (50) 5 HRT LNG LIV
DIL-40 4 (100) 0 0 0
MT-1 3 (75) 1 (2% 0 0
BALL-1 4 (100) 3 (75) 3 (79 8 LNG LIV SPL PAN KID TES SML
BAILM-1 4 (100) 4 (100) 2 (50} 6 BRN LNG LIV PAN KID TES
SCOTT 3 (75) 0 1 (25) 1 BRN
Kw 3 (75 2 (50) 0 0
KCA 4 (100) 2 (50 3 (75 8 BRN LNG LIV SPL PAN TES SML
LBF 4 (100) 4 (100) 3 (75) 8 BRN LNG LIV TES SML
NALL-1 3 (75 1 (25 2 (50) 3 LIV KID

BRN, brain; SAL, salivary gland; HRT, heart; LNG, lung; Liv, liver; SPL, spleen; PAN, pancreas; KID, kidney; TES, testis,

SME., seminal gland.

Table III.
Negative for Various Adhesion Molecules

Transplantability and Metastatic Potential of the Cell Lines Which Are Positive or

Adhesion No. of No. of mice No. of mice with
molecules cell lines inoculated Tumor (%) Meta (Organ)® (%) Meta (Lymph node)? (%)
VLA-4 Positive 21 84 44 (52) 25 (57) 26 {59)
Negative 3 12 7 (58) 3 (43 3 (43)
L-Selectin  Positive 9 36 20 (56) 12 (60) 159 (75)
Negative 15 60 31 (55) 16 (48) 14 (45)
CLA Positive 7 28 10 (35) 5 (50) 6 (60)
Negative 17 68 41 (60) 23 (56) 23 (56)
LFA-1x Positive 15 60 29 (48) 19 (66) 21 (72)
Negative 9 36 22 (61) 9 (40) 8 (36)
LFA-18 Positive 13 52 29 (56) 19 (66) 17 (59
Negative 11 44 22 (50) 9 (41) 11 (50
ICAM-1 Positive 17 68 36 (5% 21 (58) 22 (61)
Negative 7 28 15 (54) 7 (47 7 (47
CD44 Positive 17 68 38 (56) 274 (71) 262 (68)
Negative 7 28 13 (46) 1 (8) 3 (23)

a) Organ metastases.

b) Number of mice with metastases per number of mice with tumors (%).

¢} Lymph node metastases.
d) P<0.05. ¢) P<0.01.

SCID mice Each human lymphoma/leukemia cell line
was transplanted subcutaneously into 4 SCID mice.
Among the 24 cell lines, 15 cell lines formed primary
tumors at the inoculated site on the left back. The
metastatic potential of these 15 cell lines is presented in
Table IT. Among the 15 cell lines which formed a subcu-
taneous tumor at the inoculation site, 9 produced both

organ and lymph node metastases, 1 showed only organ
metastases, and 2 showed only lymph node metastases.
MAT cells did not form primary subcutaneous tumors,
but several organs and lymph nodes were involved by
tumor cells in two mice.

Expression of the adhesion molecules and its correlation
with the metastatic potential Transplantability and
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metastatic potential of the adhesion molecule-positive
or -negative cell lines are presented in Table III. The
number of mice which showed tumor growth at the
inoculation site did not correlate with the surface expres-
sion of any adhesion molecule. On the other hand, organ
and lymph node metastasis correlated with the expression
of some adhesion molecules. L-Selectin tended to confer
a potential of lymph node metastasis. L-Selectin-positive
cell lines (TALL-1, MOLT-4, HSB-2, MT-1, ED-S, MT-
4, KW, LBF and LB-25) were successfully transplanted
into 20 mice among the 36 mice inoculated and metasta-
sized into the lymph nodes in 15 mice, while L-selectin-
negative cell lines (KE-37, HPB-ALL, DL-40, JURKAT,
KOPT-K1, MAT, SALT-3, HUT-102, MT-2, BALL-1,
BALM-1, SU-DHL-4, SCOTT, KCA and NALL-1)
showed tumor growth in 31 mice out of 60 mice in-
oculated, and generated lymph node metastasis in 14
mice. This difference in lymph node metastases was sig-
nificant (P<0.05). CD44 tended to confer a potential of
organ and lymph node metastasis. CD44-positive cell
lines (TALL-1, KE-37, MOLT-4, HSB-2, HPB-ALL,
KOPT-K1, MAT, SALT-3, ED-S, HUT-102, MT-2,
MT-4, BALL-1, BLM-1, KCA, LBF and NALL-1) pro-
duced tumors in 38 mice out of 68 mice inoculated, and
metastasized into the organs of 27 mice and into the
lymph nodes of 26 mice, while CD44-negative cell lines
(DL-40, JURKAT, MT-1, SU-DHL-4, SCOTT, KW

and LB-25) developed tumors in 13 mice out of 28 mice
inoculated and showed metastatic foct only in the organs
of one mouse and in the lymph nodes of three mice,
These differences in both organ and lymph node metasta-
sis were statistically significant (P<0.01).

CD44 variant exon 6 (v6) expression In order to decide
which of CD44s and CD44v correlates better with meta-
static potential, we examined the mRNA expression of
CD44 v6, which is known to be related to metastasis or
tumor progression in various human tumors, including
non-Hodgkin’s lymphomas,??® in 17 CD44-positive cell
lines. All of the cell lines, which were reacted with
Hermes-3 mAb recognizing CD44s, expressed mRNA of
CD44s as evidenced by RT-PCR. m-RNA of CD44 v6
was also detected in 15 cell lines, but not KOPT-K1 or
BALL-1 (data not shown).

Inhibition of growth and metastasis formation of a CD44-
positive cell line, HSB-2 We examined the suppressive
effect of an anti-human CD44s mAb, Hermes-3, on
growth and metastasis formation of a CD44-positive
human leukemia cell line, HSB-2. In the QK. T-3-treated
control group, 5 of 6 mice inoculated with HSB-2 cells
developed subcutaneous primary tumors on their left
back, all of which had multiple metastatic foci in 2-5
visceral organs (liver, kidney, lungs, adrenal glands,
spleen and meninges) and the intrathoracic lymph nodes,
The size of the primary tumors was 18.5 cm® on average.
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Fig. 1.

The inhibitory effect of anti-CD44 mAb, Hermes-3, on the growth of transplanted HSB-2 cells. SCID mice were

inoculated with 2.0X10° HSB-2 cells subcutancously and then given OKT-3 control mAb (a) or Hermes-3 (b—e) intra-
peritoneally twice a week. Treatment was begun on the st (a, b), 3rd (c), 7th (d), and 10th (e) posttransplantation day. Each

group consisted of six animals.
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Fig. 2. Metastatic foci in the liver in the SCID mice transplanted subcutaneously with HSB-2 cells. A, Treated with OKT-3
control mAb. Five of six mice developed subcutaneous tumor at the inoculation site and showed multiple metastases in the liver.
B, Treated with the anti-CD44 mAb, Hermes-3. All 6 mice developed subcutaneous tumor, but only 1 of 6 mice developed

metastasis.

In contrast, in the experimental groups treated with
Hermes-3 beginning 1-7 days after the inoculation,
growth of the tumor cells at the inoculation site was
remarkably inhibited (Fig. 1). Average sizes of the pri-
mary tumors in these groups were 3.5, 2.1, and 8.4 cm’,
respectively. No metastatic foci were observed in these
animals. All six mice treated with Hermes-3 beginning 10
days after the transplantation developed tumors on their
left back of almost the same size (19.6 cm® in average) as
the OKT-3-treated ones, but only one mouse had meta-
static foci in its right lung, liver, and right kidney (Fig.
2). The average number of metastasized organs was 0.5
in the Hermes-3-treated mice and 3.8 in the control mice.
This difference was statistically significant (P<0.01).
Effect of antibodies on HSB-2 cell culture Anti-human
CD44 mADb, Hermes-3 and anti-human CD3 mAb, OKT-
3 did not inhibit the proliferation of HSB-2 cells in
short-term cultures (data not shown).

DISCUSSION

The effect of six adhesion molecules (VLA-4, L-
selectin, CILA, LFA-1, ICAM-1 and CD44) on trans-
plantability and metastatic potential of lymphoma/leuke-
mia cell lines was examined using a transplantation sys-
tem into SCID mice. Among these adhesion molecules,
two homing receptors, L-selectin and CD44, were dem-
onstrated to increase lymphoma/leukemia metastases,
L-Selectin expression had some augmenting effect on the
Iymph node metastases, L-Selectin is involved in the
lymphocyte homing to0 HEVs of the peripheral lymph
nodes and the mucosal lymphoid tissues.* ' Considering
this functicon of L-selectin, it is reasonable to assume that
L-selectin helps lymphoma/leukemia cells home to HEVs
of the peripheral lymph nodes.

It was shown that expression of the CD44 molecule
was closely associated with the metastatic potential of
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lymphoma/leukemia cell lines to both lymph nodes and
organs. CD44 binds not only to the extracellular matrix,
but also to the endothelial cell surface, and thus functions
as a lymphocyte homing receptor.* '™ '® Because the anti-
CD44 mAb Hermes-3 inhibited lymphocyte-binding to
mucosal HEVs, CD44 is thought to be especially in-
volved in lymphocyte homing to the mucosal lymphoid
tissues.” CD44 expression in non-Hodgkin’s lymphomas
is closely related to the clinical stage of the disease;
patients with lymphoma exhibiting higher CD44 expres-
sion more often showed tumor spread beyond stage II
and had a poorer prognosis with more frequent hemato-
genous dissemination than those with lymphoma showing
no or weak expression of the CD44 antigen. ¢ To
confirm the relationship between CD44 and increased
metastatic potential of lymphoma cells, we examined
whether Hermes-3 could inhibit the metastases of HSB-2
cells. Hermes-3 markedly interfered with both hematoge-
nous and lymphatic spread of HSB-2 cells, as seen in a
system of rat pancreatic adenocarcinoma, where anti-
CD44v prevented metastasis.”” Hermes-3 is a mAb
against CD44s and is able to inhibit lymphocyte homing
to HEVs.” The major isoform of CD44 on lymphocytes
is CD44s, but overexpression of CD44-6v has been found
in some aggressive non-Hodgkin’s lymphomas.?? CD44-
6v expression was detected in almost all the CD44-posi-
tive lymphoma/leukemia cell lines by RT-PCR. There-
fore, it could not be decided from this experiment which
CD44v was primarily responsible for the metastatic po-
tential conferred by CD44 molecules. Considering the
result obtained in the blocking test with Hermes-3, how-
ever, the CD44s molecules are at least involved in con-
ferring metastatic potential upon lymphoma cells. In
addition to the inhibitory effect on metastasis, Hermes-3
showed a suppressive effect on lymphoma growth at the
inoculation site when it was administered early after the
transplantation of lymphoma cells. The CID44 molecule
has a domain participating in adhesion to extracellular
matrices, which are also involved in the invasion and
growth of tumor cells.''® Anti-CD44 mAb may inhibit
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the local growth of lymphoma cells by interfering with
their adhesion to extracellular matrices.

In this experiment, the homing of human lymphoma/
leukemia cells was examined in vivo using a SCID mouse
system. Therefore, it is critically important that the
human lymphocyte homing receptors can bind to the
mouse vascular addressins. Tt is possible that evolutional
changes in the molecular mechanism of cell adhesion
have taken place in different species although many adhe-
sion molecules show a high degree of amino acid se-
quence homology.'®* ¥ If g0, a progressive decline in
the compatibility of lymphocyte-HEV recognition sys-
tems might have occurred. However, the functional asso-
ciation of adhesion molecules may be conserved if
evolutionary alteration affects only noncritical domains.
In fact, it has been shown that tissue-specific lymphocyte-
endothelial recognition mechanisms involved in lympho-
cyte homing are evolutionally conserved across a variety
of mammalian species.?"

Expression of other adhesion molecules (VLA-4,
CLA, LFA-1 and ICAM-1) did not correlate with the
metastatic potential of the lymphoma/leukemia cell lines
examined. In accordance with this result, there has been
no report of a correlation between overexpression of
these molecules and advanced clinical stages or meta-
static potential of lymphomas, although expression of the
CLA antigen was related to epidermotropism of T-cell
lymphomas. 3

We evaluated six molecules which might be related to
lymphoma metastasis. Among these molecules, two lym-
phocyte homing receptors, L-selectin and CD44, were
demonstrated to be important factors which conferred
metastatic potential. This indicates that the behavior of
lymphocyte malignancies is regulated to some extent by
the molecules which control the traffic of normal lympho-
cytes. These findings provide some insight into the mech-
anism of lymphoma development and into possible ther-
apeutic strategies.
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