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Activated Endothelial Cells Induce Apoptosis in Leukemic Cells
by Endothelial Interleukin-8

By Yasuhito Terui, Masayuki Ikeda, Hiroshi Tomizuka, Tadashi Kasahara, Tetsuya Ohtsuki, Masaya Uwai,
Masaki Mori, Takehito Itoh, Miyuki Tanaka, Muneo Yamada, Seiichi Shimamura, Yukihito Ishizaka,
Kazuma Ikeda, Keiya Ozawa, Yasusada Miura, and Kiyohiko Hatake

Tumor cells are eradicated by several systems, including Fas
ligand-Fas and tumor necrosis factor (TNF)-tumor necrosis
factor receptor (TNFR). In the previous study, we purified an
apoptosis-inducing factor (AIF) to homogeneity from a me-
dium conditioned by PDBu-treated HL-60 cells. N-terminal
sequence analysis showed that AlIF is identical to endothelial
interleukin-8 (IL-8). A novel apoptosis system, in which
endothelial cells participate via endothelial IL-8 release, is
identified here. Human umbilical vein cells (VE cells) produce
and secrete IL-8 by stimulation of IL-1a and TNF-a. Endothe-
lial IL-8, which is secreted from VE cells by stimulation of
IL-1la and TNF-a , induces apoptosis in myelogenous leuke-
mia cell line K562 cells. Monocyte-derived IL-8 could not

induce apoptosis in K562 cells. Moreover, interaction be-
tween VE cells and K562 cells induces the release of endothe-
lial IL-8 from VE cells, and the attached K562 cells undergo
apoptosis. Moreover, interactions between VE cell and other
cell lines, such as HL-60, U937, Jurkat, and Daudi, induce the
secretion of endothelial IL-8 and the induction of apoptosis
in cell lines. Endothelial IL-8 significantly inhibits tumor
growth of intraperitoneal and subcutaneous tumor mass of
K562 cells and induces apoptosis in their cells in vivo.
Endothelial IL-8 plays an important role in apoptosis involv-
ing endothelial cells, which may provide us with a new
therapy for hematological malignancies.
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POPTOSIS IS AN ACTIVE process in which various cancer cells leads to partial or complete resistance to several
types of cells are selectively deleted during embryonicconditions such as the presence of chemotherapeutic agents and

development and in the adult multicellular organism underirradiation!314Leukemic cells are known to undergo apoptosis
certain physiologic conditionsCell death occurs during the under several conditions, and the basic strategy of leukemia
development and regulation of the immune system, leading taherapy is the induction of apoptosfs.Chemotherapeutic
deletion of self-reactive T and B lymphocytes, regulation of agents such as etoposide andtediis retinoic acid can induce
immunologic memory, and lysis of target cells by cytotoxic T apoptosis, killing leukemic cell. Because cytosine arabino-
lymphocytes and natural killer (NK) celfst Alteration of the  sjde can reduce expression of bcl-2 or bel-x in leukemic cells,
genes that control apoptosis may lead to a variety of diseasggeir lifespan is shortened by induction of apoptd8i.
such as autoimmune, malignant clonal growth, neurodegenera- gome mechanisms induce apoptosis against tumor cells and
tive diseases, as well as prolonged survival of cells during latenfg kemic cells, removing them from the body. Fas ligand and
viral infection® Cells with induced apoptosis appear shrunken,TNF_a, which physiologically exist in the body, are also

with condensed or fragmented nuclei. Apoptotic cells haVeinducers of apoptosis in leukemic cells and other ¢éil8It has

fragmented DNA, with DNA ladders in electrophorefs. ) been reported that signals for some cytokines might select
Tumor cells have systems to protect themselves from induc:

i f (0SS i - hvsioloai ditigh Alt induction of apoptosis or proliferation in target céfldyut no
'on of apoplosis In various physiologic conditions. Alter- cytokine was able to induce apoptosis in leukemic cells and
ation of bcl-2 or bcl-x, well-known as antiapoptosis genes, is

. . : other tumor cells. Moreover, tumor cells are directly attacked by
observed in many tumor cells in leukemia, lymphoma, and

) . _cytotoxic T cells, NK cells, and macrophages, inducing apopto-
other types of cancef$:? Overexpression of these genes in ’ L '
yp P g sis?1:22 For example, cytotoxic T cells and NK cells attach to

tumor cells and release perforin. A serine protease, granzyme B,
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we observed the antitumor effect of endothelial cellsin vitro and TUNEL assay. Additionally, residual cells were incubated with
the antitumor effect of endothelial IL-8 in vivo. digoxigenin-dUTP terminaldeoxynucleotidyl transferase mixture and
subsequently were stained with peroxidase-conjugated antibody to
digoxigenin (Apop Tag PLUS; Oncor, Gaithersburg, M®)ounter-
MATERIALS AND METHODS stained with 1% methyl green in sodium acetate (pH 4.0), and mounted.
Specimens were examined and photographed with a microscope. The
percentage of apoptotic cells was determined by microscopically
counting more than 200 cells. Statistical analysis was performed using
the Student's-test.
In vivo experiments. Male Balb/c nu/nu mice were purchased from

Reagents. Lipopolysaccharide (LPS) was obtained from Sigma (St
Louis, MO). Recombinant human ILe] recombinant human tumor
necrosis factor: (TNF-a), recombinant human interferop{IFN-v),
and antihuman monoclonal IL-8 antibody were purchaseah fRo& D
Systems Inc (Minneapolis, MN). Recombinant human endothelial and
monocyte-derived IL-8 were purchased from Genzyme (Cambridge
MA).

Cell lines and cell culture. A human chronic myelogenous leuke-

of each experiment. Nude mice were inoculated with KB62 cells

into the peritoneal space. Intraperitoneal tumor masses of K562 cells
) ) ) ’ were injected daily with recombinant human endothelial IL-8 or
mia cell !lne: K56,22’9 was Obta',nEd from ATCC (Rockville, MD) and monocyte-derived IL-8 for 2 days. As a control, saline was injected.
was maintained  in Q'T met;imm (Wako, Tokyo, Jap%ﬂw)ﬂuman . Intraperitoneal cells were collected daily by washing with 5 mL PBS.
myelogenous leukemic cell line HL-60, human monocytic leukemia ¢ counting, Wright-Giemsa staining, and TUNEL assay were also
cell line U937, human T-cell leukemia cell line Jurkat, and human performed. Mice were injected with & 1CF viable K562 cells by
myeloma cell line Daudi were also obtained from ATCC. Human g,hctaneous injection in a midiine ventral position in a total volume of
umbilical venous cells (VE cells) were purchased from Cell Systems Cqy 1 mL PBS. Test mice bearing subcutaneously established K562
(Kirkland, WA) and were maintained in CS-C serum-free medium. yymors (confirmed after 4 days of inoculation) were injected daily (for
Normal human monocytes were isolated in a nascent state from the1 gays) into tumor with endothelial IL-8 or monocyte-derived IL-8 in a
peripheral blood of healthy volunteers, as described previgtsty. total volume of 0.1 mL saline. As a control, saline and TiRvere
brief, collected mononuclear cells were resuspended in phosphatgnjected. Tumor size was calculated using the formula described by
buffered saline (PBS) and then incubated onto an MSP-P plate (JIMROKyriazis et als as follows: tumor volume= width? x lengthx 0.4.
Gunma, Japan) for 1 hour at 37°C. Adherent cells (monocy&9% Tumors were resected in toto, fixed in 10% neutral formalin solution
purity) were collected and were cultured in Dulbecco’s modified (Sigma), embedded in paraffin, sectioned at 4 mm, and stained with
Eagle’s medium (DMEM,; Life Technologies Inc, Gaithersburg, MD). hematoxylin and eosin or with TUNEL assay. The injected dose of IL-8
Monocytes (1x 10 cells/mL) and human umbilical venous cells (VE was 100 ng per mouse per day. The dose of ENas 200 U per
cells, confluent) were cultured with or without LPS (500 ng/mL), k-1 mouse. Statistical analysis was performed using the Studemgs.

(10 U/mL), TNF« (10 ng/mL), IFN+ (200 U/mL), and macrophage

colony-stimulating factor (M-CSF; 100 ng/mL) in 24-well plates. RESULTS

Monocytes or VE cells was also cocultured with K562 cells with or Secretion of IL-8 from monocytes and endothelial cells by
without the factors listed above in 24-well plates with culture chambers

various factors. IL-8 takes several forms of various lengths
(Intercell (Kurabo, Osaka). .

Detection of IL-8. For detection of IL-8 in culture media, an that gre produF:ed by monocytes and endothellgl cells. To
enzyme-linked immunosorbent assay (ELISA) system for human |L-g&Xamine by which factors monocytes and endothelial cells are
(Amersham, Arlington Heights, IL) was us@dIn brief, endothelial  induced to produce IL-8, possible inducers such as LPSpll-1
cells or monocytes were cultured with various factors and the supernal NF-, IFN-y, and M-CSF were added to culture media of
tants were collected by centrifugation at 15,000 rpm after 2 days.monocytes and endothelial cells (Fig 1). Concentrations of IL-8
Samples were then applied to the wells of a microtiter plate coated witin medium were then measured by an ELISA system after 2
a specific monoclonal antibody for IL-8. After washing away any days. When monocytes were stimulated with LPS, TaF-
unbound sample proteins, an enzyme-linked polyclonal antibody spetFN-y, and M-CSF, concentrations of IL-8 in culture medium
cific for IL-8 was added to the wells and allowed to bind to the IL-8 that significantly increased from 7.% 1.2 ng/mL to 56.7+ 4.5

was bound during the incubation. After awa§h to remove any unbounchg/ml_’ 30.8= 3.6 ng/mL, 26.9+ 3.0 ng/mL, and 19.4= 2.5
antibody-enzyme reagent, a substrate solution was added to the wellﬁ

and color-developed in proportion to the amount of IL-8. Absorbance aLI_g/mL’ respectively. On the other hand, when LPS, dl-4nd

450 nm was determined by spectrophotometer (Bio-Rad, Hercules, NF-o Were added t_o culture mef:ha ,Of endothelial cells,
CA). For detection of intracytoplasmic IL-8 in endothelial cells cultured ¢Oncentrations of IL-8 in culture medium increased from+.1

with or without K562 cells, immunofiuorescent staining for intracellular 1.0 Ng/mLto 12.8+ 2.3 ng/mL, 70.1+ 10.6 ng/mL, and 61.5

IL-8 (CytoStain kit; PharMingen, San Diego, CA) was performed. In 7.0 ng/mL, respectively.

brief, endothelial cells cultured with or without K562 cells for 3 days ~ Secretion of IL-8 from endothelial cells by attachment to

were fixed and permeabilized by Cytofix/Cytoperm solution and K562 cells. To investigate the effect of interaction between

Perm/Wash solution. After washing, fixed/permeabilized cells weremonocytes or endothelial cells and K562 cells on secretion of

stained by fluorochrome-conjugated antihuman IL-8 antibody. After||_-g, monocytes or human umbilical endothelial cells (VE

washing, flow cytometric analysis was performed by FACScan (Bectonge||s) were cultured with or without human leukemic cell line

Dickinson, Mountain View, CA). K562 cells for 2 days (Fig 2A). Concentrations of IL-8 in
MTT assay. K562 cells were seeded at 1 10° cells/mL onto conditioned media did not increase significantly when mono-

confluent human umbilical venous cells in CS-C medium. After 3 days, .
K562 cells were collected and the ca pacity to reduce 3-[4, 5-Dimethyl-Cytes Wer(_e cultured with K562 cells. When VE c_eIIs were
cultured with K562 cells, the concentration of IL-8 in culture

thiazol-2-yl]-2, 5-diphenylte trazolium bromide (MTT; Sigma) was . .
determined® After adding 10 pL of MTT solution (5 mg/mL MTT in  Medium increased from 2 1.1 ng/mL to 75.1*+ 5.8 ng/mL
PBS), the preparation was incubated at 37°C for 4 hours. Cells with@S compared with that in culture medium of only VE cells. IL-8
MTT for mazan were dissolved in 0.04 N HCI in 2-propanol, and color in medium of K562 cells alone was 0:60.3 ng/mL. Moreover,
absorbance was measured at 595 nm by microplate reader (Bio-Rad). we observed a change in intracytoplasmic IL-8 of VE cells

Japan Charles River and were age-matched (5 weeks of age) at the onset
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Q 20+ 24-well plates. After 2 days, supernatants were col-
cg lected and an ELISA system for IL-8 was performed.
# oA =il | Columns represent the mean +* SD (bar) of three
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independent experiments. Statistical analysis was
performed using the Student’s t-test. *P < .01.

during interaction between VE cells and K562 cells usingintracellular IL-8—positive VE cells increased to 55.594.0%.

immunofluorescent staining by flow cytometric analysis to These results suggest that VE cells can produce and secrete IL-8

examine whether IL-8 is produced in VE cells (Fig 2B). The during interaction with K562 cells but that monocytes cannot.

percentage of intracellular IL-8—positive VE cells was 22.7%

Moreover, we examined concentrations of IL-8 when other cell

5.3% during culture of VE cells alone. When VE cells were lines such as HL-60, U937, Jurkat, and Daudi were cocultured
cocultured with K562 cells for 2 days, the percentage ofwith VE cells. When VE cells were cultured with HL-60, U937,
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Fig 2. Effect of interaction between either monocytes or endothe-
lial cells and K562 cells on secretion of IL-8 from endothelial cells.
Monocytes (1 x 106 cells/mL) and human umbilical venous cells (VE
cells, confluent) were cultured with or without K562 cells (5 x 104
cells/mL) for 2 days, and supernatants were then collected. (A) ELISA
system for IL-8 was performed. Columns show the means of three
independent experiments. Statistical analysis was performed using
the Student’s t-test. (B) When VE cells were cocultured with (right) or
without (left) K562 cells, the remaining VE cells, after removal of K562
cells, were collected and expression of intracytoplasmic IL-8 was
examined as described in Materials and Methods. Purified mouse Ig
G1 was used as a control antibody (CONTROL). The vertical axis
indicates the frequency of fluorescence-positive cells. Intracytoplas-
mic IL-8 density is depicted on the horizontal axis. The representative
data from three independent experiments are shown.

Jurkat, or Daudi cells, concentration of IL-8 in culture medium
increased from 2.1+ 1.1 ng/mL to 74.2+ 2.0 ng/mL, 71.2+

2.4 ng/mL, 48.1+ 3.3 ng/mL, or 44.6*+ 3.9 ng/mL as
compared with that in culture medium of only VE cells,
respectively.

Endothelial IL-8 secreted by various factors induces apopto-
sis in K562 cells. To examine whether IL-8 secreted from
endothelial cells by several factors induces apoptosis in K562
cells, K562 cells in Intercell-insert were separately cultured
with VE cells stimulated with various factors. K562 cells in
Intercell were collected after 2 days, and MTT and TUNEL
assays were performed (Fig 3). When K562 cells were cultured
with various factors such as LPS, llel TNF-, IFN-y, and
M-CSF, growth of K562 cells was not suppressed as measured
by MTT assay (Fig 3A). However, when endothelial cells were
cultured with IL-lo or TNF-, growth of K562 cells was
significantly suppressed to 74.2% or 74.6% as compared with
control (no additives), respectively (Fig 3A). Moreover, when
VE cells were cultured with IL-& or TNF-, the percentage of
apoptotic cells in K562 cells increased from 1.2800.1% to
25.6% =+ 2.5% or 25.3%* 1.7%, respectively (Fig 3B). This
effect was blocked by monoclonal anti—IL-8 antibody (data not
shown). Our interpretation was that interaction between endothe-
lial cells and K562 cells during separate culture by Intercell
could neither inhibit cell growth nor induce apoptosis against
K562 cells (Fig 3A and B). This suggests that endothelial IL-8,
secreted from endothelial cells by various factors, induces
apoptosis in K562 cells.

Interaction between endothelial cells and K562 cells induces
apoptosis in K562 cells. To identify the biological signifi-
cance of endothelial IL-8, we examined the effect of interaction
between normal human venous endothelial cells (VE cells) and
K562 cells on the inhibition of cell growth and the induction of
apoptosis (Fig 4). When K562 cells were attached onto VE
cells, growth of K562 cells was suppressed at 62.0% as
compared with K562 cell culture alone (Fig 4A and B), and
32.0%=* 3.1% of K562 cells underwent apoptosis (Fig 4A and
C). Because the concentration of IL-8 in coculture medium of
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A days into intraperitoneal tumor masses of K562 cells in nude
0.8 mice (Fig 5). Apoptosis and suppression of cell growth were
3 [ No additives observed after 2 days in intraperitoneal K562 cells (Fig 5B and
éo % LPS C), and apoptotic cells were phagocytosed by macrophages (Fig
b i % W iL1a 5A). After 2 days, apoptotic cells increased to 12.892.2%.
30 . [0 TNF-o Moreover, numbers of K562 cells decreased to 33.3% of
e . . . Y
- O 1en-y control. Monocyte-derived IL-8 did not significantly suppress
2 Bl m-csF cell growth or induce apoptosis in intraperitoneal K562 cells. In
202 addition, we investigated whether endothelial IL-8 could sup-
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Fig 3. Effect of IL-8 from endothelial cells on induction of apopto- E
sis in K562 cells. K562 cells alone (5 x 10* cells/mL) or human 30'5'
umbilical venous cells (VE cells, confluent) and K562 cells (5 x 104 .“’_ 0.4
cells/mL) were cultured with or without LPS (500 ng/mL), IL-1« (10 : !
U/mL), TNF-a (10 U/mL), IFN-y (200 U/mL), and M-CSF (100 ng/mL) in 2.3
24-well plates. Coculture of VE cells and K562 cells was mediated by g
Intercell. After 2 days, MTT assay (A) and TUNEL assay (B) were 50.2]
performed. Columns show the means of three independent experi- _g
ments. Statistical analysis was performed using the Student’s t-test. 30-1 ]
*p < .01. E
s 0
K562 cells

K562 cells K562 cells
VE cells and K562 cells increased to 75.1 ng/mL from 2.1 + VE cells K562 cells . VE cells "1 .gab

ng/mL in medium of VE cells alone (Fig 2), we examined + olL-8Ab

whether the effects of the interaction between VE cells and

K562 cells on cell growth inhibition and apoptosis are blocked 50 p< 0.01

by anti—IL-8 antibody. When anti—IL-8 antibody was added to 40 | —

coculture media of VE cells and K562 cells, MTT reducing %’r 1

activity recovered to that of K562 cell culture alone (Fig 4B). 3 30

Moreover, the percentage of apoptotic cells decreased to o

7.8% ~+ 0.6% when anti—IL-8 antibody was added to coculture 8207

media of VE cells and K562 cells (Fig 4C). This result suggests 8-10_

that the inhibition of K562 cell growth and the induction of 2 I—"‘—l

apoptosis were blocked by anti—IL-8 antibody. Western blot 0 —

analysis also showed that endothelial IL-8 was detected in the KS62cells . en K562 cells K562 cells
. + VE cells cells 4 VE cells + ¢IL-8Ab

culture medium of VE cells and K562 cells (data not shown). + olL-8Ab

Moreover, when HL-60 cells, U937 cells, Jurkat cells, or Daudi

cells were attached onto VE cells, 34.7%3.1%, 31.0%z=* Fig 4. Effect of interaction between human venous endothelial

3.6%. 24.3%+ 4.0%. or 20.7%=* 3.1% of cells underwent cells (VE cells) and K562 cells on secretion of endothelial IL-8 and
b ! .. . . gpoptosis. K562 cells (5 x 10 cells) were seeded with or without
apopt05|sj respectively. T_he_se findings indicate that endotheli onfluent VE cells in 24-well plates. Cell culture was boosted with or
cells can induce apoptosis in the attached K562 cells or othegithout anti-IL-8 antibody (5 pg/mL) every 24 hours. After 2 days,
cell lines by releasing endothelial IL-8. Wright-Giemsa staining was performed in 24-well plates (A). K562
Endothelial IL-8 suppresses cell growth of K562 cells and cells and supernatants were collected, and MTT assay (B), TQNEL
induces apoptosis in vivo. Therefore, we investigated whether 2552 (©). and ELISA for IL-8 were performed. For (A). original
. i ] . magnification x 60. Data shown come from three independent
endothelial IL-8 can induce apoptosis or suppress cell growth inyperiments. Statistical analysis was performed using the Student’s
leukemic cells in vivo. Endothelial IL-8 was in jected daily for 2 ttest.
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Fig 5. Inhibition of cell growth and induction of apoptosis on treatment of endothelial IL-8 in nude mice. The peritoneal space of nude mice (5
examined) were inoculated with K562 cells, and agents such as saline, endothelial IL-8 (IL-8 [E]), and monocyte-derived IL-8 (IL-8 [M]) were
injected daily as described in Materials and Methods. (A) Morphology (Wright-Giemsa staining) and apoptotic cells (TUNEL assay) of
intraperitoneal cells were collected. Arrows indicate the apoptotic cells. Original magnification x 160 and x 80. (B) Inhibition of cell growth of
K562 cells by endothelial IL-8. Horizontal bars show the means. (C) The percentage of apoptotic cells was determined microscopically by
counting more than 200 cells in situ on staining slides. Columns represent the means + SD (bar) of three independent experiments. Statistical
analysis was performed using the Student’s t-test.

K562 cells (Fig 6). Endothelial IL-8 was then injected daily TNF-«, apoptosis was induced (Fig 71 and L). However, control
from day 4 to day 11 into subcutaneous K562 cell tumorstumor cells showed little apoptosis (Fig 7C and F).
established in nude mice, and the antitumor and the apoptosis-
inducible effects of endothelial IL-8 were examined. Mice
showed a visible response to endothelial IL-8 intratumor In this study, we observed that endothelial cells were able to
inoculations characterized by apoptosis (Fig 6A). Thereforesecrete endothelial IL-8 after stimulation with Ileland
tumor size of endothelial IL-8 treatment decreased in 52.2% ofTNF-a and that endothelial IL-8 was able to induce apoptosis in
control (saline; Fig 6B). Tumor size of TN&-treatment leukemic cells. Moreover, endothelial cells that attached to
decreased in 41.3% of control (Fig 6B). On the other handJeukemic cells secreted IL-8, and endothelial IL-8 induced
monocyte-derived IL-8 treatment did not either induce apopto-apoptosis in leukemic cells. In the previous study, we purified
sis or suppress cell growth against subcutaneous K562 cellan apoptosis-inducing factor derived from differentiated HL-60
(Fig 6). cells28 This apoptosis-inducing factor is identical to endothelial
Antitumor effect of endothelial IL-8 is due to induction of IL-8. Human recombinant endothelial IL-8 is able to induce
apoptosis in K562 cells. To investigate whether the antitumor apoptosis in most leukemic cell lines, but monocyte-derived
effect of endothelial I1L-8 is due to induction of apoptosis, IL-8 is not.
pathological examination was performed by hematoxylin-eosin IL-8 was originally isolated from culture supernatants of
staining and TUNEL staining (Fig 7). Histologically, subcutane- stimulated human monocytes and identified as a protein of 72
ous K562 tumors that responded to either endothelial IL-8 oramino acids$%37 The open reading frame of the IL-8 cDNA
TNF-a (10 mice of each were examined) generally displayedencodes for 99 amino acidsand the mature form is processed
homogenous central necrosis with intratumor bleeding (Fig 7Hfurther at the N terminus, yielding several biologically active
and K). Within the viable tumor tissue, many tumor cells truncation analog®-4! The occurrence of N-terminal variants
became smaller than control cells and showed either condensdepends on cell type and culture conditions. Of the two major
tion or fragmentation of nuclei (Fig 7B and H). Neutrophil and forms, the 72-amino acid form (monocyte-derived IL-8;
lymphocyte infiltrations were unremarkable in both groups. SAKELRC. ..) predominates in cultures of monocytes and
Control K562 tumors (saline- and monocyte-derived IL-8 macrophage¥, and the 77-amino acid form (endothelial IL-8;
groups) displayed little or no tumor necrosis (Fig 7A and D), AVLPRSAKELRC. . .) prodominates in cultures of tissue cells
and their cells had no change in cell size or nuclei (Fig 7B andsuch as endothelial cetfsand fibroblast4® Endothelial IL-8
E). Tumor sections were stained with TUNEL assay specific forhas five extra N-terminal amino acids lacking in monocyte-
apoptotic cells. TUNEL assay showed that in 45.2% or 47.8%derived IL-8. Because endothelial IL-8 is converted to monocyte-
of K562 tumor cells inoculated with either endothelial IL-8 or derived IL-8 by serine proteases such as thrombmonocyte-

DISCUSSION
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A strong as that of monocyte-derived IL-8. The difference of
whether IL-8 has 5 extra N-terminal amino acids may decide the
induction of chemotaxis or apoptosis. Moreover, it has been
reported that leukemic cell dissemination to extravascular space
is mediated by interaction between leukemic cells and endothe-
lial cells#” Our study demonstrated that endothelial IL-8 plays
an important role in the antitumor action of endothelial cells.
Recently, it has been demonstrated that vascular cells are
important participants in antitumor host defense. Vascular cells,
which express nitric oxide synthase in response to {Fahd
TNF-o, can kill leukemic cell$8 However, the mechanism of
the antitumor host defense system associated with vascular cells
has not been clarified. Many researchers have discussed angio-
genesis for tumor vascularization and tumor metastésis.
Tumor cells secrete metalloproteinase to destroy matrix pro-
. teins and to damage endothelial cells, and then they invade
Saline IL'B(M) lL-B(E) TNF-o extravascular spac®.We demonstrated that endothelial 1L-8
can protect against tumor invasion in this system. Because
endothelial IL-8 is known to be secreted mainly by endothelial
cells and fibroblast endothelial cells secreting IL-8 have the
antitumor property of inducing apoptosis in contacting leuke-
B mic cells like other antitumor cells, such as macrophages and
NK cells. This is a novel function of endothelial cells involving

1400 tumor cell eradication in the body, mainly via endothelial IL-8.
B Saline Endothelial IL-8 may have an important role in induction of
1200 apoptosis in tumor cells in the blood stream when they anchor to
— o IL-8 (M) endothelial cells.
"é 1000 - O IL-8 (E) Surprisingly, in our in vivo experiment, endothelial IL-8
£ inhibited growth of K562 cell tumors in the same manner as
~ O TNF-a TNF-a. We demonstrated that TNdedid not directly suppress
3 800+ cell growth or induce apoptosis in K562 cells, but that TNF-
) allows endothelial cells to secrete IL-8 and can indirectly Kill
5 600 - leukemic cells. It has been reported that ThiFmodulates
£ expression of various biological molecules in endothelial élls.
3 400 . The in vivo effect of TNFe on killing tumor cells may be
- N explained by both a direct death signal mediated through its
2004 o receptor and the indirect release of biological modulators such
as endothelial IL-8 from endothelial cells. Therefore, it is
, ; possible that the antitumor effect of TNF4in vivo may be
Y 0 ' M 4 6 8 1'0 12 mediated by secretion of endothelial IL-8 from intratumor

endothelial cells. However, angiogenesis for tumor vasculariza-
Days after tumor inoculatior  tion will aid tumor progression, and tumor cells produce and
secrete some endogenous regulators such as endostatin and

i irp3.54 i ini -
Fig 6. Endothelial IL-8 suppressed growth of subcutaneous K562 anglostatlrﬁ In this StUdy' 'nJeCted TNFe acted on endothe

cell tumors. The subepiderms of nude mice (10 examined per group) lial cells growing in tumors, and endothelial IL-8 might then be
were inoculated K562 cells, and agents were injected with endothe- released from endothelial cells. There are two possible roles of
lial IL-8 (IL-8 [E]), monocyte-derived IL-8 (IL-8 [M]), saline, and TNF-a IL-8 from endothelial cells in host defense against tumor cells.

daily as described in Materials and Methods. As controls, monocyte- . . . .
Y - 4 First, endothelial cells will secrete endothelial IL-8 when tumor
derived IL-8, saline, and TNF-«a were used. Data shown come from 10

nude mice. Statistical analysis was performed using the Student’s cells in the vessels contact endothelial cells, and then the
t-test. In (B), *P < .05 and **P < .005. (A) Photograph of suppression anchored tumor cells may be directly killed by endothelial IL-8.
of subcutaneous K562 tumor by endothelial IL-8 (IL-8 [E]). As controls, Second, when the growing endothelial cells in tumors are
saline, monocyte-derived IL-8 (IL-8 [M]), and TNF-«a were used. stimulated with some cytokines such as TMFthey will
secrete endothelial IL-8 and induce apoptosis.
derived IL-8 exists mainly in plasnfa.Many previous reports If we know how to stimulate release or production of
have demonstrated that monocyte-derived IL-8 is an inflammaendothelial IL-8, we may be able to develop new methods of
tory chemoattractant for neutrophils and that several types ofreatment. In 10 of 14 clinical cases, we observed that apoptosis
cells, such as monocytes, lymphocytes, and fibroblasts, produagas significantly induced in fresh leukemic cells by endothelial
IL-8 after stimulation with various agent8On the other hand, IL-8 in vitro. Endothelial IL-8, with five extra N-terminal amino
the chemotactic activity of endothelial IL-8 is one twentieth as acids, can induce apoptosis, but monocyte-derived IL-8, which

20z dunr g0 uo isanb Aq pd'z.92/81 18791/2.92/8/26/Pd-al01E/PO0|qABU"SUOHEDIIgNdYSE//:d}Y WOy papeojumog



2678 TERUI ET AL

Fig 7. Microscopic morphol-
ogy of progressive and regress-
,u ing subcutaneous K562 tumors.
: Balb/c nu/nu mice were injected
subcutaneously with K562 cells
and were subsequently injected
with saline (A through C), mono-
cyte-derived IL-8 (D through F),
endothelial IL-8 (G through I),
and TNF-a (J through L). Tumors
were removed in toto, and hema-
toxylin and eosin staining (A, B,
D, E, G, H, J, and K) or TUNEL
- assay (C, F, I, and L) was per-
i AR formed after 8 days. Original
GNP 1 magnification x 5 for (A), (D),
‘' (G),and (J); x 20 for (B), (C), (E),

(F), (H), (1), and (K).

lacks them, cannot do so. Because most IL-8 in blood plasmahown). In our experiment, proliferation can be less changed
exists in the form of monocyte-derived Il¥8and does not but apoptosis markedly increased (Fig 3A). We showed bcl-2—
induce apoptosis in leukemic cefsthis phenomenon will be  overexpressing cells in any cell cycle phases lost susceptibility
important in leukemia therapy. to apoptosi§® Moreover, thymocyte apoptosis by methylpredo-
VP-16 is well-known to be an anticancer agent and annisolone and etoposide is independent of proliferatfonhis
inducer of apoptosis in leukemic cells. When leukemic cellsindicates that the antiapoptotic genes-expressing cells escaped
were treated with both 0.1 pmol/L VP-16 and 20 ng/mL from endothelial IL-8—induced apoptosis can proliferate.
endothelial IL-8 for 48 hours, apoptotic cells increased as In conclusion, endothelial cells involving a novel apoptotic
compared with the treatment of only 0.1 umol/L VP-16 (data system have been identified. In the mechanism of this system,
not shown). This result suggests that endothelial IL-8 canendothelial IL-8 release plays an important role. It is not only an
enhance the effect of VP-16 on the induction of apoptosis andnflammatory mediator but also an apoptosis-inducing factor in
may therefore be clinically promising in combination with leukemic cells.
VP-16.
Understanding of the receptor for induction of apoptosis will ACKNOWLEDGMENT
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