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Establishment of a human leukaemic cell line (CMK)
with megakaryocytic characteristics from a Down'’s syndrome
patient with acute megakaryoblastic leukaemia
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Summary. A new megakaryoblastic cell line (CMK), which
also exhibits erythroid and myeloid markers, was established
from a Down's syndrome patient suffering from acute
megakaryoblastic leukaemia. The CMK cells were found to be
positive in reactions with anti-platelet antibodies (anti-
glycoproteins IIb/Illa and Ib, and Plt-1). Platelet peroxidase
(PPO) reactivity was found to be associated with the nuclear
envelope and the endoplasmic reticulum but not with the
Golgi apparatus. Some cells possessed cytoplasmic granules
with the characteristics of a-granules and demarcation
membranes. Karyotyping revealed near-tetraploidy (modal
chromosome number of 95; ranging 8 7-98) and a transloca-
tion der(17)t(11:17), also found in the original leukaemic
cells, confirming that the cells were derived from the patient's

malignant blasts. The CMK cells were also found to be positive
in reaction with anti-glycophorin A antibody, as well as with
anti-myeloid antibodies (MY4, MY7 and MY9). Treatment of
CMK cells with phorbol ester 12-0O-tetradecanoylphorbol-13-
acetate (TPA) greatly enhanced the reactivity with anti-
platelet antibodies, increased the number of cells in which
cytoplasm was dissociated into numerous segments and
suppressed the reactivity with anti-glycophorin A. The
proliferation of CMK cells was stimulated by interleukin-3 (IL-
3) and granulocyte-macrophage colony stimulation factor
(GM-CSF). This cell line should be a useful tool for analysing
the basis of the afferent association between megakaryoblas-
tic leukaemia and Down's syndrome, as well as for further
study of megakaryocytic differentiation.
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Refractory Anemia Terminating in Acute Megakaryoblastic Leukemia (M7)
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Abstract. A 72-year-old man with refractory anemia (RA) developed overt megakaryoblastic leukemia after
the course of RA with excess of blasts. The blasts were positive for platelet peroxidase activity and had platelet
glycoproteins (GPs) such as GPIIb/Illa and GPIITa. The bone marrow biopsy at terminal stage disclosed
marked fibrosis. The nature of the megakaryoblasts was investigated. The blasts did not differentiate morpho-
logically into mature megakaryocytes with TPA addition. In vitro colony assay showed the failure of colony-
forming unit, megakaryocyte growth in peripheral blood. The pathogenesis of myelofibrosis in our patient is
discussed.
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ABSTRACT

In the present study, we examined the effect of prostaglandin E,
(PGE,) on Ca** mobilization in a human megakaryocyte (the progenitor
of platelets) leukemia cell line, designated as CMK. PGE, caused a rapid
and dose-dependent increase in the intracellular free calcium level
([Ca®"];) associated with the elevation of cyclic AMP. The PGE,-induced
elevation of [Ca”*]; was decreased by the prior addition of ethylene glycol
bis(2-aminoethylether)tetraacetic acid to the medium by approximately
25% of the control. This result indicates that the PGE,-induced elevation
of [Ca®*] is due to influx of Ca’>* from the external medium and to
mobilization of Ca>* from intracellular stores. Pretreatment of CMK
cells with 12-O-tetradecanoylphorbol-13-acetate (TPA), a stimulus for
protein kinase C, further ed the PGE,-induced increase in the
cellular cyclic AMP level. Inversely, pretreatment of CMK cells with
TPA (10 nm), prior to the addition of PGE,, inhibited the PGE;-induced
elevation of [Ca**];. Dibutyryl cyclic AMP and forskolin did not elevate
[Ca**}; or affect the PGE,-induced Ca** mobilization. The inhibitory
action of TPA in the PGE,-induced elevation of [Ca**]; was mimicked by
other protein kinase C-activating agents, such as 1-oleoyl-2-acetylgly-
cerol and N-(6-phenylhexyl)-5-chloro-1-naphthalenesulfonamide, and
was selectively restored by protein kinase C inhibitors, such as 1-(5-
isoquinolinesulfonyl)-2-methylpiperazine dihydrochloride and N-[2-
(methyl )ethyl]-5-isoqui lfonamide dihydrochloride. Thus,
the inhibitory modulation of TPA on the PGE,-induced elevation of
[Ca?*); is mediated through protein kinase C activation. PGE, had no
inductional effect of megakaryocytic phenotypic changes in CMK cells.
The biological role of PGE,, which increased [Ca®™); and cyclic AMP
levels in the CMK cells, remains to be determined.

Since PGE, has an inhibitory effect on the agonist-induced
elevation of [Ca>*]; in platelets through cAMP accumulation, it
is interesting to examine whether PGE, shows a similar effect
in CMK cells. In this paper, we describe for the first time that
PGE, is a potent activator of [Ca*"}; in CMK cells.

Another line of study has shown that a phorbol ester such as
TPA, a potent protein kinase C activator, inhibits the agonist-
induced Ca>* mobilization in platelets (16-21). On the basis of
this finding, it is hypothesized that protein kinase C activation
may have a role in the termination of the agonist-induced signal
transduction in platelets. To clarify the relationship between
protein kinase C activation and the PGE,-modulated Ca™
mobilization in CMK cells, we have examined the effects of
protein kinase C activators and inhibitors on the PGE,-induced
Ca* mobilization in the cells. This paper also describes protein
kinase C inhibition of the PGE,-induced Ca®* mobilization in
CMK cells.

MATERIALS AND METHODS

Chemicals. Thrombin was a product of Mochida Pharmaceutical Co.
(Tokyo, Japan). PGE, was donated by Ono Pharmaccutical Co. (Tokyo,
Japan). TPA, dibutyryl cAMP, and forskolin were purchased from
Sigma Chemical Co. (St. Louis, MO). OAG was from Nakarai Chem-
icals (Kyoto, Japan). H7, H8, HA1004, and SC9 were from Scikagaku
Kogyo Co. (Tokyo, Japan). Fura 2-AM was from Dojindo Laboratories
(Kumamoto, Japan). The cAMP radioimmunoassay kit was from
Amersham Janan Co. (Tokvo. Japan).
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Abstract. The human cell line CMK spontaneously ex-
presses megakaryocytic characteristics and can be induced
to differentiate into mature megakaryocytes after exposure
to 12-O-tetradecanoylphorbol-13-acetate (TPA). In com-
parison with CMK, we have examined the characteristics of
a subclone, designated as CMK11-5, that is morphologically
larger than the parent clone CMK and contains multinucle-
ated giant cells. All CMK11-5 cells were positive for platelet
peroxidase (PPO) activity, and some contained abundant
a-granules and well-developed demarcation membranes.
CMK cells had few demarcation membranes and a-granules,
and 10% of'these cells were found not to possess PPO activity.
Phenotypic analysis revealed the percentage of CMKI11-5
cells for platelet glycoprotein (GP) IIb/IIla (CD41a), and
GPIIla (CD61) was greater than that for CMK cells. On the
basis of these findings, CMK11-5 cells were considered to
be more differentiated than CMK cells. We further examined
the expression of GPIIb and platelet factor 4 (PF4) mRNA
by Northern blot hybridization using 3?P-labeled cDNA
probes for GPIIb and PF4 in CMK and CMK11-5 cells.
CMK cells exhibited mRNA for GPIIb, and its expression
was augmented by TPA addition, but not PF4. In contrast,
CMK11-5 cells were found to contain mRNA for GPIIb and
PF4, and their mRNA levels were increased by the addition
of TPA. The immunoreactive PF4 antigen was not detected
in the TPA-treated CMK11-5 cells or in the culture medium
of'these cells. These results indicate that expression of mRNA
for PF4 is a useful marker for the identification of mature
megakaryocytes. Detection of mRNA for PF4 is a more sen-
sitive method for characterization of megakaryocytic cells
than that for the PF4 antigen.
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Platelet Factor 4 mRNA Expression in Cells
From a Patient With Megakaryoblastic Crisis
of Chronic Myelogenous Leukemia
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A 61-year-old man with Philadelphia chromosome-positive chronic myelogenous
leukemia developed megakaryoblastic leukemia. In the blast phase, his blast cells
showed undifferentiated megakaryoblastic characteristics with no a-granules or
demarcation membranes but with detectable platelet peroxidase (PPO) activity and
surface glycoprotein (GP) IIb/IIla. The patient has remained reasonably well for at
least 12 months after blastic crisis, and 6-mercaptopurine alone has been effective
in controlling leukocytosis and megakaryoblast proliferation. The expression of
mRNA for platelet-specific proteins, such as GPIIb and platelet factor 4 (PF4), was
studied in the patient’s blast cells by the Northern blot analysis. Both GPIIb and
PF4 mRNA were detected in the blast cells. Cytoplasmic maturation occurs later
than the synthesis of the surface GP during megakaryocyte maturation. Therefore,
PF4 mRNA expression should be a marker of mature megakaryoblasts. The PF4
mRNA expression in megakaryoblastic leukemia may indicate that a patient will
have long survival and a good response to chemotherapy.

Cancer 67:960-964, 1991.
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Ultrastructural analysis of platelet-like particles from a human
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Ultrastructural observations were performed to further characterize the human megakaryocytic leukemia
cell line, CMK, and its subclone, CMK11-5. We found that particles derived from CMKI11-5 cells had
cytoplasmic projections and no nucleus, and that some particles contained alpha granules. Incubation
with ADP induced fibrinogen receptors on the surface of these particles. Furthermore, the particles had
glycoprotein Ib antigen on their surfaces, and attached nonreversibly to rabbit aortic subendothelium,
showing associated morphological changes similar to those observed in normal platelets. CMK and
CMK 11-5 are the first megakaryocytic cell lines that have been found to release particles that have some
of the same functions as normal platelets. In particular, CMK11-5 seems to be a useful model for studying

megakaryocyte function.
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smg p21A and -B (smg p2ls) are ras p2l-like small
GTP-binding proteins (G proteins) with the same
putative effector domain as ras p2ls. Both smg p21A
mRNA and smg p21B mRNA were detected in CMK, a
human megakaryocytic leukemia cell line, and their
levels were markedly elevated by treatment with 12-O-
tetradecanoyl-phorbol-13-acetate (TPA), which caused
the differentiation of this cell line into more mature
megakaryocytes. The smg p21 protein molecules also
increased during the TPA-induced differentiation of
CMK cells. The mRNA level of glycoprotein IIb
(GPIIb), a typical marker of the megakaryocytes, was
increased by this treatment, but the time course of the
increase in the smg p21 mRNA levels as more rapid
than that of the increase in the GPIIb mRNA level.
Ha-ras p21 mRNA was undetectable, but both Ki- and
N-ras p21 mRNAs were detected in CMK cells and their
levels were also increased during TPA-induced differen-
tiation of CMK cells, although to a lesser extent than
those of smg p21 mRNAs. Protein kinase C inhibitors
inhibited the basal and TPA-induced smg p21A mRNA
level, but cyclic AMP-elevating prostaglandin E, or
Ca?*-mobilizing ionomycin did not inhibit them. Cyclo-
heximide enhanced the basal and TPA-induced smg p21A
mRNA levels. Actinomycin D blocked the TPA-induced
smg p21A mRNA levels, but showed no detectable effect
on the elevated smg p21A mRNA level which was
induced by pretreatment with TPA. A dramatic increase
in the smg p21 mRNA levels was also observed in other
leukemia cell lines during TPA-induced differentiation.
These results suggest that TPA stimulated expression of
the smg p21A gene, presumably through the action of
protein kinase C at the transcriptional level rather than
at the post-transcriptional level, in hematopoietic leuke-
mia cells.
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Aberrant transcription caused by the insertion of an early
transposable element in an intron of the Fas antigen

gene of lpr mice
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ABSTRACT The mouse Ipr (lymphoproliferation) muta-
tion carries a rearrangement in the chromosomal gene for the
Fas antigen, which mediates apoptosis. Isolation and charac-
terization of mouse Fas antigen chromosomal gene from wild-
type and Ipr mice indicated an insertion of an early transpos-
able element (ETn) in intron 2 of the Fas antigen gene of Ipr
mice. Hybrid transcripts carrying the Fas antigen and ETn
sequences were expressed in the thymus and liver of the
mutant. This indicated that premature termination and aber-
rant splicing of the Fas antigen transcript caused by the
insertion of the ETn in the intron are responsible for the
lymphoproliferation and autoimmune phenotype of the mutant
mouse. On the other hand, an insertion of the ETn into an
intron of a mammalian expression vector dramatically but not
completely reduced the expression efficiency. These findings
suggest that /pr mice are able to express a very low level of the
Fas antigen.

T-cell development occurs in the thymus where T cells
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DurING mammalian development, many cells are programmed to
die"* most mediated by apoptosis®. The Fas antigen* coded by the
structural gene for mouse lymphoproliferation mutation (Ipr)>®, is
a cell surface protein belonging to the tumour necrosis factor /nerve
growth factor receptor family” ®, and mediates apoptosis’. The Fas
antigen messenger RNA is expressed in the thymus, liver, heart,
lung and ovary®. We prepared a monoclonal antibody against
mouse Fas antigen, which immunoprecipitated the antigen (M,
45K) and had cytolytic activity against cell lines expressing mouse
Fas antigen. We report here that staining of mouse thymocytes
with the antibody indicated that thymocytes from the wild-type
and /pr mice expressed the Fas antigen, whereas little expression
of the Fas antigen was found in /pr mice. Intraperitoneal adminis-
tration of the anti-Fas antibody into mice rapidly killed the wild-
type mice but neither Jpr nor Ipr® mice. Biochemical, histological

Nature, 364; 806-809, 1993

and electron microscope analyses indicated severe damage of the
liver by apoptosis. These findings suggest that the Fas antigen is
important in programmed cell death in the liver, and may be
involved in fulminant hepatitis in some cases.

RO FABERICEWT, %L OMIEAERT 5 X 5
K7a 7 L53NTED, ZOIREALERTF =Y RIC
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. TEEER T/ R ER 2B 7 7 1) =781
BT MRS v 2 ETHY, TR M=V RBHN
L¥9 7, Fas PR A v+ v v —RNA X, Jfs. IF
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Dotz AL, MRS, EFREMEEIC X 2 90Tl
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Targeted mutation in the Fas gene
causes hyperplasia in peripheral
lymphoid organs and liver

Masashi Adachi!, Sachiko Suematsu?, Toru Kondo!, Jun Ogasawara!
Takashi Tanaka?, Nobuaki Yoshida? & Shigekazu Nagata!

>

Fas, a type | membrane protein that transduces an apoptotic signal, is expressed in
lymphocytes as well as in various tissues such as the liver, lung and heart. The mouse
lymphoproliferation (jpr) mutation is a leaky mutation in Fas. By means of gene targeting,
we generated a mouse strain which is completely deficient in Fas. In addition to the
massive production of lymphocytes, the Fas-null mice showed substantial liver
hyperplasia, which was accompanied by the enlargement of nuclei in hepatocytes. The

Fas system seems to play a role in the apoptotic process to maintain homeostasis of the
liver as well as the peripheral lymphoid organs.

Fas i3, 7R =L REEZRmETL IMEL v 28 TH Y, U v BReHFiR. i, Oz & ok Rfliic IR L T

3, w7 ADY) v (/pr) ZHRIL Fas OIRNERTH B, BicFE&—7 T4 v 27X Y, Fas BERICKIBLAZ~T X
REERIL 72, U v o BROKBEFEE N2 T, Fas KiE~ 7 R OB K 2R L, 2 WEFMEO ok %> Tw

72o Fas Y AT L3, KM Y v BREL T ChAFBOEHEELZHER T 272007 K P —v ZBRICASE LT3 X5 ThH
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Enhanced and accelerated lymphoproliferation in Fas-null mice
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ABSTRACT Fas is a 45-kDa membrane protein that
transduces an apoptotic signal. The mouse lymphoprolifera-
tion (lpr) mutation is a leaky mutation of Fas. In this study,
we examined lymphocyte development in Fas-null mice gen-
erated by gene targeting. The Fas™/~ mice progressively
accumulated abnormal T cells (Thyl*, B220*, CD4~, and
CD8-) and developed lymphadenopathy and splenomegaly,
which were much more accelerated and pronounced than
those in Ipr mice. In addition, the Fas-null mice showed
lymphocytosis, accompanied by lymphocytic infiltration in
the lungs and liver. The number of apparently normal B cells
also increased, and large amounts of immunoglobulins, in-
cluding anti-DNA antibodies, were produced. Thymic clonal
deletion, assessed by deletion of T cells reactive to mouse
endogenous superantigens, was apparently normal in the
Fas~/~ mice, whereas the peripheral clonal deletion of mature
T cells against a bacterial superantigen was impaired. These
results suggested that Fas plays a decisive role in peripheral
clonal deletion but not in negative selection in the thymus.

Fas 37 R b= RV 7 FN%ARET % 45kDa O % v 878
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YU RICEITEY VANERFEGEICO TG L £ L7z, Fas-/-+
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Essential roles of the Fas ligand in
the development of hepatitis
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The Fas ligand (FasL) is expressed in activated T cells and induces apoptosis in Fas-bearing cells.
A cytotoxic T lymphocyte (CTL) clone specific for hepatitis B surface antigen (HBsAg) causes an
acute liver disease in HBsAg transgenic mice. Here we observed that the CTL clone killed hepato-
cytes expressing HBsAg in a Fas-dependent manner. Administration of the soluble form of Fas
into HBsAg transgenic mice prevented the CTL-induced liver disease. In the second model, mice
were primed with Propionibacterium acnes. A subsequent challenge with lipopolysaccharide (LPS)
killed the mice by inducing liver injury. Neutralization of FasL rescued the mice from LPS-induced
mortality, and Fas-null mice were resistant to LPS-induced mortality. These results suggest that
FasL has an essential role in the development of hepatitis.

Fas U /7 F (Fas WAL T AN CHI L, Fas (REMIEO T # b —> 2 2583 5, BIIFAKTHUR (HBsAg) Ic
R MIABSEYE T U ¥ o55k (CTL) 75— v it, HBsAg b 7Y AY x = v 7~ 9 A CAMIFEE 3 &+, A
72Tl CTL 27 1 — v 78 Fas {RTFMYIC HBsAg ZFI L T 2 HFMIE 250k X ¢ 2 2 & 2% L 7z, HBsAg P 7 v 2¥ x =
v 7=y AN Fas %% 53 5 &, CTLFEMEERZ PHic& 7, 2 2HDET AT, vV AR TS =TT
VYL -T2 AATEEL . BT FLHHE (LPS) %535 L. HEEIHFEI N, ~ 7 R L7z, Fasl
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Features of Macrophage Differentiation Induced by p19'~¥4d,
a Specific Inhibitor of Cyclin D-Dependent Kinases

By Masashi Adachi, Martine F. Roussel, Karin Havenith, and Charles J. Sherr

The mitogen-dependent induction of cyclin D-dependent ki-
nase activity is required for cells to enter the DNA synthetic
(S) phase of their division cycle. Immature 32DcI3 myeloid
cells (32D) proliferating in the presence of interleukin-3 (IL-
3) normally express cyclins D2 and D3, which assemble into
binary holoenzyme complexes with their catalytic subunits,
CDK4 and CDK6. When 32D cells are switched to medium
containing granulocyte colony-stimulating factor (G-CSF) in-
stead of IL-3, D-type cyclins are degraded and, in the absence
of their associated kinase activity, the cells arrest in the first
gap phase (G,) of the cell cycle and differentiate to neutro-
phils. We derived 32D cells in which the expression of
p19"™N¥?, a specific polypeptide inhibitor of CDK4 and CDKS,
is regulated by the heavy metal-inducible sheep metallothio-
nein promoter. Induction of p19™**? in response to zinc pro-
longed cell survival in the absence of growth factor treat-
ment. When maintained in medium containing both IL-3 and

zinc, these cells lost cyclin D-dependent kinase activity, un-
derwent G, phase arrest, and acquired certain morphologic,
antigenic, and functional properties of mononuclear phago-
cytes. Cells induced to express p19'*“ did not synthesize
receptors for macrophage colony-stimulating factor (M-CSF/
CSF-1) and reverted to an immature myeloid phenotype
when shifted back into medium containing IL-3 alone. These
cells exhibited accelerated differentiation to neutrophils in
response to G-CSF but also gave rise to macrophage-like
cells when maintained in medium containing both G-CSF
and zinc. Therefore, the acquisition of macrophage proper-
ties in response to zinc treatment neither depended upon
IL-3 nor upon G, phase arrest per se and instead reflects
some ability of p19"¥*?, and presumably cyclin D-dependent
kinases, to affect myeloid differentiation.

© 1997 by The American Society of Hematology.
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Induction of apoptosis in megakaryocytic

leukemia cell lines by MX2,
a morpholino anthracycline

Experimental Hematology 25; 1077-1083, 1997

Experimental
Hematology

Tatsuya Katsurada, Masashi Adachi, Hirofumi Kido, Munehiro Date,
Yuji Kishimoto, Yoshitaka Yamanaka, Takashi Kimura, Shirou Fukuhara

First Department of Internal Medicine, Kansai Medical University, Osaka 570, Japan

Offprint requests to: Tatsuya Katsurada, First Department of Internal Medicine,
Kansai Medical University. 10-15 Fumizono-cho, Moriguchi, Osaka 570, Japan

(Received 1 April 1996; revised 5 November 1996; accepted 10 December 1996)

Abstract

Leukemia with megakaryocytic involvement has a poor prog-
nosis. MX2 is a new morpholino anthracycline that is effec-
tive against various leukemic cell lines. This study examined
the antitumor activity of MX2 against human megakaryocytic
cell lines, including CMK, CMK11-5, MEG-01, and UT-7, and
investigated the role of apoptosis in the cytotoxicity of this
drug. To quantify the extent of apoptosis induced by MX2,
we used the in situ terminal deoxynucleotide transferase assay
and the histone-associated DNA fragmentation assay. The
cytotoxic effect of MX2 on CMK cells was reduced by various
inhibitors of apoptosis. To our knowledge, this is the first
report showing that apoptosis is involved in the killing of
megakaryocytic cell lines by an antileukemic agent. We sug-
gest that MX2 may be useful for the treatment of megakary-
ocytic leukemia.

EAZER R AR IZ P RAR T, MXZ 1, B4 7 A s etk
CENEHFHEA 7Y 27V 5942 ) vTF, AT
. CMK, CMKI1-5, MEG-01, UT-7 &t e b BBk
BRICH 4 2 MX2 ohtlEEiEE 2 8Et L. o3EH o Ml
KBFETEF = 2DHEICOVTHRILE L, MXZIC

FoTHEEINETEL - ROBEE2FERBILT 2720IC, in
situ KIg 7 A F VX7 LAF VEEBEET v f e X b /B
H DNAWHFLT v A4 ZHL LA, CMKAIAZICKT 2

MX2 DfifadEmh R IZ, a7 R+ — > AHEHNIC X - TH
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Downregulation of Fas ligand by shedding
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Apoptosis-inducing Fas ligand (FasL) is a type Il membrane protein, predominantly expressed in
the activated T cells. FasL is cleaved by a putative metalloproteinase to produce a soluble form.
Here, we blocked the shedding of human FasL by deleting its cleavage site. Although human
Jurkat cells and mouse primary hepatocytes that express a low level of Fas were resistant to the
soluble form of FasL, they were efficiently killed by membrane-bound FasL. Furthermore, soluble
FasL inhibited cytotoxicity of the membrane-bound FasL. These results indicate that the mem-
brane-bound form of FasL is the functional form and suggest that shedding of FasL is to prevent
the killing of the healthy bystander cells by cytotoxic T cells.

THRMN—=VRFEE Fas VAV F (Fasl) (&, i THIlECEICHKIRT 2 TR L v 2B TF,
Fasl iZHEEA 2w 70 77 —wic X o CUIT & 4, AIAMERL & 72 0 £ 97, AWBFgECld, VINREGL % X
HE ¥zt Te b Fasl O3B RHEL $ L7z, Fas I MK e b Jurkat fifids X O~ =
PRI X AR METL o Fasl i U CIBIMEZ R L L7228, RS A Fasl I X > TRIEM I
WL E L7z, & bic, WVAYE Fasl 1345 ATY Fasl oMifditE2HEL L2, 2 b ORI,
fEfE AT D Fasl 2SHEREM 2B CH 5 2 & /R LTk Y, Fasl B3 lfaEENM: T ML X 2 #E
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Transgenic Expression of Fas in T Cells Blocks
Lymphoproliferation But Not Autoimmune Disease in
MRL-Ipr Mice'

Hidehiro Fukuyama,*" Masashi Adachi,* Sachiko Suematsu,”* Keiko Miwa,* Takashi Suda,*
Nobuaki Yoshida,” and Shigekazu Nagata®*'

Fas is a member of the TNF receptor family. Binding of Fas ligand to Fas induces apoptosis in Fas-bearing cells. Fas is expressed
in various cells, including thymocytes, peripheral T cells, and activated B cells. The mouse Ipr mutation is a loss of function
mutation of Fas. MRL-lpr/lpr mice develop lymphadenopathy and splenomegaly, and produce multiple autoantibodies, which
results in autoimmune disease. In this report, we describe the establishment of a line of Fas transgenic MRL-Ipr mice in which
mouse Fas cDNA was expressed using the T cell-specific murine Ick promoter. The transgenic mice expressed functional Fas in
thymocytes and peripheral T cells, but not in B cells. The transgenic mice did not accamulate abnormal T cells (Thy-1* B220™),
but still accumulated B cells (Thy-1~ B220™"); they produced a large quantity of Igs (IgG1 and IgG2a), including anti-DNA Abs,
and developed glomerulonephritis. These results suggest that autoreactive or activated B cells must be Kkilled through Fas ex-
pressed in the B cells by the Fas ligand expressed in activated T cells. The Journal of Immunology, 1998, 160: 3805-3811.
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Abstract

Caspase-activated DNase (CAD) degrades chromosomal DNA
during apoptosis, whereas ICAD (inhibitor of CAD) inhibits the
CAD’s DNase by binding to it. Here, we describe the
assignment of murine CAD and ICAD genes to the distal part
of murine chromosome 4. Molecular cloning and structural
analysis indicated that CAD and ICAD genes are comprised of
7 and 6 exons, respectively. Two different ICAD mRNAs
coding for two forms of ICAD proteins (ICAD-S and ICAD-L)
were found to be produced by alternative splicing of intron 5.
The CAD and ICAD mRNAs were detected ubiquitously in
various murine tissues. Analyses of the promoter activity with
a series of deletion mutants of their 5 flanking regions
indicated that a 190-bp 5' flanking region of the CAD gene was
sufficient to promote the transcription. Whereas, a 120-bp
flanking region of ICAD gene was required to promote its
transcription. These regions do not show similarity hetween
CADand ICAD genes, suggesting that expression of CAD and
ICAD genes is requlated by different mechanisms.

N AN—EEHALT A F VR 7L T —+% (CAD) 137
A — v RO IC Rk DNA 2433 3 28, ICAD (CAD
FHEH]) T CAD DFAF L IUFRX 7L T —FITHEALTE
Nx#HET 2, 22 TlE, v % CAD #{5+ & /CAD #Ein
T~y A5 4 R oEMEIICE ) Y Ccb o b Eib
N3, BT ru—=v 7GR 5, CAD BT &
/CAD BEFIIFNFNT DDV Vv E 6DODITT YV
DO INDG Z LRI NT, 2D ICAD & v 32
# (ICAD-S & ICAD-L) #a—F%3%2250%7%%/CAD
mRNA 23, 4/ v Fa v 5 DB RNRAT 74> v 7IcE-T
AR E NS 2 Hbh o7z, CAD F X U8/CAD mRNA i3,
T F X F o~y A CEEN ISR & hz, 5 BHEE O
—HOREERE LN 70T — X —E O 6
CAD SB{5T @ 190 bp @ 5'BEEMEIK ARG 2T 2 DI
+oThd LB REN, —F. /CAD BT DG %
et 21213, % D 120bp DEEEMEEASLETH 572, T
o DiEIKIT CAD BI5 T & /CAD B 7B CHE LI %R &
Tl eh b, CAD BT &/CAD B T OREIZR AL %
AAZRLICEoCHIfHlEN TS EEZ LN,
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Disruption of the ARF transcriptional
activator DMP1 facilitates cell
immortalization, Ras transtormation,
and tumorigenesis

Kazushi Inoue,! Renren Wen,? Jerold E. Rehg,> Masashi Adachi,® John L. Cleveland,”
Martine F. Roussel,! and Charles J. Sherr’**¢

Departments of 'Tumor Cell Biology, *Biochemistry, *Pathology, and “Howard Hughes Medical Institute,
St. Jude Children’s Research Hospital, Memphis, Tennessee 38105 USA

The DMP1 transcription factor induces the ARF tumor suppressor gene in mouse fibroblasts, leading to cell
cycle arrest in a p53-dependent manner. We disrupted sequences encoding the DNA-binding domain of DMP1
in mouse embryonic stem cells and derived animals lacking the functional protein. DMP1-null animals are
small at birth, and males develop more slowly than their wild-type littermates. Some adult animals exhibit
seizures and/or obstuctive uropathy, each of unknown cause. The growth of explanted DMP1-null mouse
embryo fibroblasts (MEFs) is progressively retarded as cells are passaged in culture on defined transfer
protocols; but, unlike the behavior of normal cells, p19*®*, Mdm2, and p53 levels remain relatively low and
DMP1-null MEFs do not senesce. Whereas the establishment of cell lines from MEFs is usually always
accompanied by either p53 or ARF loss of function, continuously passaged DMP1-null cells readily give rise to
established 3T3 and 3T9 cell lines that retain wild-type ARF and functional p53 genes. Early-passage
DMP1-null cells, like MEFs from either ARF-null or p53-null mice, can be morphologically transformed by
oncogenic Ha-Ras (Val-12) alone. Splenic lymphocytes harvested from both DMP1-null and ARF-null mice
exhibit enhanced proliferative responses in long-term cultures when stimulated to divide with antibody to
CD3 and interleukin-2. Although only 1 of 40 DMP1-null animals spontaneously developed a tumor in the
first year of life, neonatal treatment with dimethylbenzanthracene or ionizing radiation induced tumors of
various histologic types that were not observed in similarly treated DMP1*/* animals. Karyotypic analyses of
MEFs and lymphomas from DMP1-null animals revealed pseudodiploid chromosome numbers, consistent with
the retention of wild-type p53. Together, these data suggest that ARF function is compromised, but not
eliminated, in animals lacking functional DMP1.

DMP1 825 H 13~ 7 ZFRHESAIALIC 35> T ARF SHIHEER F 2555 L. pb3 KAFmicHlig AT Ik 2 5l 2 &2
T, WA, v v ARl X OBRE X v o 2 B R KB T 2 IREFIYICE T, DMP1 © DNAFS& F A4 v %
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Fas is a death receptor that belongs to the tumor necrosis factor receptor family and is
expressed in various cell types, in particular, in lymphoid cells. A loss-of-function mutation in
the Fas gene (lpr mutation) causes lymphadenopathy and splenomegaly, and accelerates
autoimmune diseases in some strains of mice such as MRL. In this report, Fas cDNA driven
by murine /ck distal promoter was used to establish transgenic MRL-/jor mouse lines. The
transgenic mice expressed functional Fas in mature T cells and B cells. The lymphadenopa-
thy and splenomegaly caused by accumulation of abnormal T cells in the Jor mice were res-
cued in the transgenic mice. The number of B cells in the periphery as well as the serum IgG
level were significantly reduced, and the autoimmune symptoms and mortality were amelio-
rated. These results indicate that both mature B cells and T cells must undergo Fas-
mediated apoptosis to prevent the development of autoimmune diseases.
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