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Characterisation of Apoptosis in myb-Transformed
Hematopoietic Cell (MTHC-A) Lines : TNF-a-Induced

Apoptosis and Prevention by cAMP#

Kenji Sorimachi,1) Paul Waring,2) Andrew J Hapel,3) Ichio Fukasawa,1) Yuko Kaneko,4)

and Nobuhide Masawa4)

Myb-transformed haematopoietic cell (MTHC) lines have been developed and clones selected based on their ability to

respond to tumor necrosis factor (TNF)-a. MTHC-A cells underwent apoptosis in response to TNF-a (MTHC-A). The

apoptotic effect of TNF-a in MTHC-A was mimicked by a specific inhibitor of protein kinase A (PKI 5-24) and by the tyrosine

kinase inhibitor genistein, suggesting that phosphorylation of tyrosine and PKA activity were important in protecting MTHC

from apoptosis. Agents that elevate intracellular levels of cAMP, e.g. cholera toxin and dibuteryl cAMP, protected MTHC-A

from the apoptotic effects of TNF-a, and also reduced the apoptotic effects of PKI and genistein. MTHC-A thus provides a

useful model for investigating the role of TNF-mediated apoptosis in regulation of the myeloid lineage of cells. 〔J Clin Exp

Hematop 53(2) : 115-120, 2013〕
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INTRODUCTION

The use of a truncated form of Myb in the generation of

myeloid cell lines that can be used as homogeneous popula-

tions for in vitro studies of differentiation.1 The transfected

cells grow continuously, resembling other factor-dependent

myeloid cell lines such as FDC-P1.2 Myb is normally ex-

pressed during proliferation of blood cells, but its expression

is auto-regulated via the carboxy-terminal region1 that is de-

leted in our vector. Continuous expression of Myb confers

immortality on the transformed cells so long as they are

maintained using an appropriate mitogenic cytokine [granulo-

cyte macrophage colony-stimulating factor (GM-CSF), or

interleukin-3 for instance]. Importantly, myb-transformed

hematopoietic cells (MTHC) retain the ability to respond to a

wide variety of stimuli and so appear to retain most of the

properties of progenitor cells.

Cell lines were cloned by dilution of MTHC cultures to a

density of one cell per ten wells. Replicates were then made

of each positive well. Screening of a variety of cytokines by

addition to the replicate wells revealed that some clones re-

sponded in quite different ways to the same stimulus. The

majority of clones were induced to differentiate (MTHC-D) in

the presence of tumor necrosis factor (TNF)-a but other

clones died (MTHC-A ; MTHC underwent apoptosis by

TNF-a) in the presence of TNF-a.

Apoptosis is a regulated form of cell death, which can be

induced by a variety of extracellular stimuli.3 During haema-

topoiesis, apoptosis is believed to play a regulatory role in

maintaining homeostasis among the various mature popula-

tions of blood cells.4 Apoptosis may also be a way of elimi-

nating cells that are damaged or pre-leukaemic.3 Progenitor

cells from bone marrow undergo apoptosis if those growth

factors required for survival are withdrawn.5 This effect is

mimicked by the protein synthesis inhibitor cycloheximide.6

However apoptosis can also be actively triggered by active

engagement of cell surface receptors. Notable among these

are the TNF-a receptor family whose activation can lead to a

variety of outcomes ranging from cell differentiation, activa-

tion or apoptosis.7, 8

Engagement of the TNF-a receptor Rp55 commonly re-

sults in elevated levels of intracellular cAMP.9 The effect of

115

J Clin Exp Hematop

Vol. 53, No. 2, Aug 2013

Received : December 25, 2012

Revised : February 1, 2013

Accepted : February 11, 2013
1)

Department of Obstetrics and Gynecology, Dokkyo Medical University, Mibu,

Tochigi, Japan
2)

Faculty of Chemistry, Australian National University, Canberra, ATC, Australia
3)

Department of Haematology, Division of Science and Design, University of Canberra,

Canberra, ACT, Australia
4)

Department of Anatomic Diagnostic Pathology, Dokkyo Medical University, Mibu,

Tochigi, Japan

Corresponding author : Dr. Kenji Sorimachi, Department of Obstetric and

Gynecology, Dokkyo Medical University, Mibu, Tochigi 321-0293, Japan

E-mail : kenjis@jcom.home.ne.jp



elevated intracellular cAMP is clearly cell type specific. In

haematopoietic progenitor cells elevation of cAMP seems to

be linked to differentiation,9 while other studies have shown

that elevated cAMP levels can trigger apoptosis.10 In differ-

entiated cells such as thymocytes elevation of cAMP coupled

to histone H3 phosphorylation is linked to apoptosis.11 On

the other hand, in haematopoietic progenitor cells and in

neurones, cAMP and protein kinase A (PKA) can have pro-

tective effects.12 Dibuteryl cAMP has been shown to protect

liver cells in vivo from TNF-a-induced apoptosis,13 and BAD,

a pro-apoptotic member of the Bcl-2 family, has been shown

to be phosphorylated and inactivated by a cAMP-dependent

kinase associated with the mitochondrial membrane.14

This manuscript describes some of the properties of the

MTHC-A cells and investigates the mechanism of cell death

induced by TNF-a.

MATERIALS AND METHODS

Growth factors and cytokines

Recombinant GM-CSF provided by Drs. N. Gough and T.

Wilson (Walter and Eliza Hall Institute) was made in a yeast

expression system and used as a crude culture supernatant

with activities of 8 × 104 U/mL. No endotoxin was detected

in the sample.

Recombinant mouse TNF-a was supplied by Ernst-

Boehringer-Institute Fur Arzeneimittel-Forschung (Vienna)

and Prof. W. Fiers (University of Gent, Belgium) with activ-

ities of 7 × 107 and 1.2 × 107 U/mL and endotoxin concentra-

tions of 2.0 ng/mL and 51 pg/mL respectively. Human TNF-

a was a gift from Dr. J. Tavernier (Roche Research, Gent,

Belgium) and had a specific activity of 1.1 × 109 U/mL and

an endotoxin content of 3.2 ng/mL.

The endotoxin concentration of each cytokine was deter-

mined using the Pyrogent Plus Advantage kit (Whittaker

Bioproducts Inc., Walkersville, MD, USA) exactly as de-

scribed in the instructions.

Cell lines

The JCS subclone8 of the WEHI-3B cell line was grown

in Iscove’s modified Eagle’s medium (IMEM) containing

antibiotics and 20% foetal calf serum.

Transformation of foetal liver cells with myb, and mainte-

nance of MTHC

Liver cells were prepared from 14 day foetuses and in-

fected with recombinant myb retro virus RED (CT3myb) as

previously described.1,15,16 Foetal liver cells (106) were cul-

tured on a feeder layer of 106 irradiated (25 Gy) virus-

producing Y2 cells in the presence of 400 units/mL of GM-

CSF. Following infection, foetal liver cells were removed

from the feeder layer and washed twice using phosphate buf-

fered saline (PBS), then suspended in IMEM containing anti-

biotics, 20% foetal calf serum supplemented with GM-CSF

(400 units/mL). Cultures were then split twice weekly.

Cloned cell lines were derived by limiting dilution of MTHC

in the presence of GM-CSF.1 In order to maintain their phe-

notypic properties, all cell lines derived in this manner were

recloned by limiting dilution at intervals of roughly 30 pas-

sages. The cell lines described in this manuscript were de-

rived from A/J and C3H/HeJ mice from the specific pathogen

free animal facility at JCSMR.

DNA fragmentation

Detection of intra nucleosomal DNA fragmentation was

done by electrophoresis in agarose gels according to the meth-

od of Eckhardt as modified by Barry and Eastman.17 A 2%

agarose gel in Tris-boric acid EDTA electrophoresis buffer

was allowed to set with wells approximately 3 cm from the

top of the gel. The top part of the gel was removed and a 1%

agarose gel containing 25 SDS and 64 µg/mL of proteinase K

in Tris-borate buffer was used to replace the top of the gel.

Treated cells (106), were washed once in cold PBS, pelleted,

then loading buffer (5 mg/mL RNA’se A, 10% glycerol, 10

mM Tris pH 8.0, 0.1% w/v bromophenol blue) (15 µL) was

gently added and the sample added to the gel for electrophore-

sis at 50 V for 16 hrs at room temperature. Gels were stained

with ethidium bromide (2 µg/mL in distilled water) for 1 hr

and de-stained in distilled water for 4 hrs with several changes

of water. The DNA bands were visualised using an ultravio-

let illuminator and photographed using Polaroid high-speed

film (Polaroid 57, Cambridge MA).

Cell cycle analysis

MTHC were washed once in IMEM and resuspended at

106/mL in IMEM plus supplements. Cytokines were added at

appropriate concentrations and replicate cultures were main-

tained for different times. Cells were collected at designated

times by centrifugation at 800 G for 10 min at room tempera-

ture then resuspended in 1 mL of PBS and 3 mL of 95%

ethanol. Cells were fixed at 4℃ overnight, washed twice

with cold PBS, and resuspended in propidium iodide staining

solution (PBS plus 20 µg/mL PI, 200 µg/mL RNA’se A) and

incubated for 30 min at room temperature in the dark.

Samples were then analysed using a Becton-Dickinson

FACScan with a flow rate of 100 cells/second. The FL-2

profile was adjusted so that the G0/G1 mean was at channel

200 on a 1,024 channel scale and 10,000 events were col-

lected per sample. Data was analysed using Modfit LT, 1.0

(Verity Software House Inc, Maine) for Macintosh. The per-

centage of apoptotic cells was estimated by data modelling
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using MODFIT, with model ranges set to encompass the

populations of interest.

RESULTS

MTHC could be divided into two groups on the basis of

their response to TNF-a. MTHC-A responded by dying with-

in 4-6 hrs while MTHC-D responded by differentiating as

described in detail elsewhere.1 In the present study, MTHC-

A was used to investigate apoptosis.

The specific protein kinase A inhibitor PKI [5-24], has

previously been shown to inhibit apoptosis induced by glio-

toxin in thymocytes and P815 cells, implicating a PKA-

dependent mechanism in the apoptotic event.12 TNF-a is

known to induce an increase in intracellular cAMP in haema-

topoietic progenitor cells10 and does so transiently in MTHC-

D (data not shown). This suggested that PKA activity might

be differentially involved in the regulation of apoptosis in

these cell lines.

To determine the mechanism of cell death we examined

the DNA extracted from cultures of PKI [5-24]-treated

MTHC. Analysis of MTHC-A (C3H-A2) was undertaken by

transmission electron microscopy. Fig. 1 shows chromatin

condensation typical of apoptotic MTHC.

To examine the role of PKA in TNF-a-induced apoptosis

in MTHC-A cells we treated MHTC-A cells with PKI [5-24]

to examine whether this would inhibit apoptosis. During

apoptosis specific endonucleases cleave genomic DNA at

linker regions between nucleosomes to give fragments that

resolve by agarose gel electrophoresis as multiples of 180-

200 bp.18 DNA fragmentation was assessed at 0, 0.5 and 1

mM PKI [5-24] after 4 hrs PKI [5-24] addition, and at 0, 2

and 4 hrs after the addition of 1 mM PKI [5-24]. DNA

fragmentation was found in all cultures of MTHC-A treated

with PKI [5-24] (Fig. 1).

PKI (5-24) did not inhibit apoptosis in TNF-a-treated

MTHC-A cells, and in fact increased the apoptotic effect

significantly (Fig. 2). Furthermore, control MTHC-A cells

treated with PKI alone, died with the typical biochemical and

morphological features of apoptosis (Fig. 1). This suggested

that PKA [5-24] may actively protect MTHC-A cells from

apoptosis and that inhibition of endogenous PKA activity may

trigger apoptosis in these cells. The cell-permeable analogue

dibutyryl cAMP inhibited TNF-a-induced apoptosis in

MTHC-A cells (Fig. 3) and had a small inhibitory effect on

apoptosis in PKI [5-24] treated cells (data not shown).

Genistein, nominally a protein tyrosine kinase inhibitor,

has also been shown to inhibit the effects of cAMP dependent

kinase, a serine kinase.11 Consistent with this we also found

that genistein induces apoptosis in MTHC-A and this effect

was inhibited by db-cAMP and cholera toxin (Fig. 4) again

indicating that cAMP dependent phosphorylation exerts an

important protective effect in these cells.

Cycloheximide is a general inhibitor of protein synthesis

and induces apoptosis in many cell types. Cycloheximide

induces apoptosis in MTHC-A cells and this apoptotic effect

is reversed by db-cAMP. Thus apoptosis induced by a non-

specific agent in MTHC is also abrogated by activation of

PKA (Fig. 5).

TNF-a-induced apoptosis in MTHC-A
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Fig. 1. Electron micrographs of MTHC-A undergoing PKI [5-

24]-induced apoptosis and DNA fragmentation on gel electropho-

resis. (1a) control cells, (1b) treated with PKI [5-24] at 1 mM for 4

hrs, (1c) treated with PKI [5-24] at different concentrations and for

different times. MTHC-A, myb-transformed haematopoietic cell

underwent apoptosis by tumor necrosis factor-a ; PKI, specific

inhibitor of protein kinase A
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Fig. 2. The effect of PKI [5-24] on apoptosis in

MTHC-A. Cells were treated for 4 hrs with 0.5 mM

PKI in the presence of 250 U/mL tumor necrosis factor

(TNF)-a. PKI, specific inhibitor of protein kinase A ;

MTHC-A, myb-transformed haematopoietic cell under-

went apoptosis by TNF-a

Fig. 3. Dibutyryl cAMP inhibits tumor necrosis factor (TNF)-a-

induced apoptosis in MTHC-A. Dibutyryl cAMP was added to

TNF-a-treated cells at 0.5 mM. MTHC-A, myb-transformed hae-

matopoietic cell underwent apoptosis by TNF-a

a

b

Fig. 4. Inhibitory effect of dibutyryl cAMP on apoptosis

induced in MTHC-A by genistein or cholera toxin. Cells

were treated with genistein (GE) at 100 mM (4a) or cholera

toxin (CT) at 100 ng/mL (4b) for 4 hrs with and without db-

cAMP at 0.5 mM. MTHC-A, myb-transformed haemato-

poietic cell underwent apoptosis by tumor necrosis factor-a



DISCUSSION

Here we describe myeloid cell lines that are susceptible to

the apoptotic effects of TNF-a. These cell lines were cloned

from cultures of myb-transformed fetal liver cells that grew in

the presence of GM-CSF. Because of their apoptotic re-

sponse to TNF-a we have designated the cell lines MTHC-A

(myb-transformed haematopoietic cell-apoptotic) to distin-

guish them from the differentiating form of MTHC (MTHC-

D) that we have described previously.1 Cloned MTHC-A

were obtained from A/J and C3H. HeJ mice and the clones

had similar properties.

MTHC-A requires GM-CSF for continued growth. In the

presence of low doses of TNF-a (10% of the amount required

to induce differentiation in MTHC-D) MTHC-A are induced

to pass more rapidly through the cell cycle then to undergo

growth arrest and cell death. By all the criteria used (fluores-

cence activated cell sorting analysis, DNA laddering and elec-

tron microscopy) the cells die as a result of apoptosis. This is

consistent with previous reports describing the effects of

TNF-a on the cell cycle. Growth arrest in G1 has been shown

to correlate with increased resistance to TNF-induced cell

death in fibroblasts,19 while a transient elevation in the rate of

DNA synthesis, and hence transition from G1 to G2/M, has

been associated with increased sensitivity to TNF-a-induced

apoptosis.20

Many hormones, via coupling to signal transducing G

proteins, act through the second messenger cAMP to stimu-

late metabolism and proliferation.21 The target for cyclic

AMP is cyclic AMP dependent protein kinase or PKA and the

pleiotropic effects of this kinase presumably results from

phosphorylation of different substrates, either cytosolic or

nuclear, by the kinase. Many of these targets remain to be

identified. PKA-dependent phosphorylation of the transcrip-

tion factor CREB results in its activation and gene

transcription.22 A number of studies have shown that elevated

cAMP levels induce apoptosis in immature thymocytes11,23,24

and that this effect can be abrogated by the specific inhibitor

of PKA, PKI [5-24].11 PKI [5-24] is a truncated form of PKI,

an endogenous inhibitor of PKA.25 One possible nuclear

target for active PKA during apoptosis is histone H3 which

becomes phosphorylated on ser10 during gliotoxin induced

apoptosis. In general however, cAMP and its analogues such

as the cell permeant db-cAMP inhibit the effects of pro-

inflammatory cytokines such as TNF. This protective effect

has been ascribed to the production of the anti-inflammatory

cytokine interleukin-10.26,27 Our data showing that db-cAMP

and cholera toxin which is known to raise cAMP levels, both

protect against TNF induced apoptosis in MTHC-A.

Experiments with PKI [5-24], a specific inhibitor of PKA,

imply that basal PKA activity is required for viable MTCH-A

cells suggesting that PKA dependent phosphorylation of un-

known substrates is important for maintaining viability in

these cells. The fact that genistein, a relatively non-specific

inhibitor of protein phosphorylation, also induces apoptosis in

these cells which is again abrogated by agents which raise

cAMP levels supports this idea.

Interestingly apoptosis induced by TNF in MTHC-A cells

in culture does not require the simultaneous presence of

cycloheximide. The latter is often required to suppress syn-

thesis of anti-apoptotic molecules, which abrogate the effects

of TNF-a. MTHC-A cells may lack the ability to produce

those anti-apoptotic molecules following engagement of the

TNF-a receptor. In fact cycloheximide induces extensive

apoptosis in the MTHC and this effect is also overcome by

cAMP.
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Fig. 5. Inhibitory effect of dibuteryl cAMP on

apoptosis induced in MTHC-A by cycloheximide.

Cells were treated with cycloheximide (C/hex.) at 10

mM with and without db-cAMP at 0.5 mM for 4 hrs.

MTHC-A, myb-transformed haematopoietic cell

underwent apoptosis by tumor necrosis factor-a
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