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Surface marker studies of human leukae- 
mia cells argue in favour of a normal cell 
surface phenotype and that unique surface 
changes are not essential to malignancy. 
This has led to speculation that leukaemia 
may result "from a subtle uncoupling of the 
controls which integrate proliferation with 
maturation'' [I]. Studies using in vitro as- 
says for haemopoietic progenitor cells (for 
example, GM-CFUc assay) have shown 
that specific humoral factors regulate nor- 
mal haemopoiesis (GM-CSFs). Thus, the 
process of differentiation can in part be ex- 
plained in terms of the expression of dis- 
criminatory surface receptors which are es- 
sential to alter (or maintain) the maturation 
status of cells. However, in order to investi- 
gate the underlying Set of intracellular 
regulatory mechanisms which integrate 
proliferation with maturation it will be 
necessary to (a) work with cloned popu- 
lations of cells and (b) have convenient 
markers for structures which are essential 
to cell proliferation and maturation within 
a particular lineage. 

Various haemopoietic cell lines, which 
can be induced to differentiate, are avail- 
able and can be used to study the process 
of differentiation. The continuous human 
promyeloid cell line HL60 can be induced 
to differentiate into neutrophils by 1.25% 
dimethylsulphoxide (DMSO) and related 
compounds [2]. When treated with 12- 
0-tetradecanoylphorbol- 13-acetate (TPA) 
[3] or T-lymphocyte conditioned medium 
[4] the HL60 cells mature into monocytes/ 
macrophages. The bipotential nature of 
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this cell line may also provide insight to the 
processes which ultimately restrict the dif- 
ferentiation capacities of Cells to a particu- 
lar lineage. 

Monoclonal antibodies to myeloid-as- 
sociated surface antigens are convenient 
markers for the differentiated properties 
and the "maturation programme" of my- 
eloid cells. The availability of the HL60 
line provides the means of readily obtain- 
ing large numbers of early myeloid cells 
necessary for raising and characterising 
monoclonal antibodies. Hybridomas were 
produced using mice immunised with 
HL60 cells coated with antibody raised in 
mice against normal peripheral blood leu- 
cocytes [ 5 ] .  After immunising with coated 
cells, 7 out of 22 (32%) hybridomas pro- 
duced antibodies which identify antigens 
selectively expressed by myeloid cells. Six 
of these hybridomas have been cloned and 
the specificities of the antibodies AGF4.36 
and 4.48 have been described in detail pre- 
viously [5]. 

The distribution of myeloid antigens at 
different stages of differentiation was inves- 
tigated using autoradiographs on bone 
marrow and peripheral blood cells. The re- 
sults are shown in Fig. 1. Five of the anti- 
bodies (AGF4.48, 8.19, 8.29, 8.41 and 9.47) 
identify an antigen(s) expressed at the pro- 
myeloid to blood neutrophil stages of my- 
eloid maturation. In contrast, one of the 
antibodies (AGF4.36) defines an antigen 
which is transiently expressed on cells at 
the promyeloid to metamyeloid stages and 
is absent from most bone marrow and 
blood neutrophils. Loss of the AGF4.36 
antigen during differentiation was also ob- 
served when HL60 cells were induced to 



mature using 1.25% DMSO. The dis- 
appearance of the AGF4.36 antigen was 
compared with the loss of the BK19.9 anti- 
gen, which is a marker for proliferating 
cells and identifies the transferrin receptor 
[6]. As shown in Fig. 1, the decrease in the 
number of AGF4.36 antigen-positive cells 
(from 87% to 37%) correlates with the 
maturation, as opposed to proliferation of 
the HL60 cells. The above panel of anti- 
bodies identiQ differentiated properties of 
neutrophils. In particular, the transient ex- 
pression of the AGF4.36 antigen suggests 
that this antibody may identify a mem- 
brane change pertinent to differentiation. 

The regulation of the expression of the 
aforementioned surface properties of HL60 
cells can be revealed through its alteration 
and the use of cloned variant lines from 
HL60. Seven variants of the HL60 line 
have been isolated which do not mature in 
response to 1.25% DMSO. These lines were 
isolated, in medium containing 1 .25 % 
DMSO, after culturing the HL60 cells in 
the presence of SV40 virus (HL60m2 and 

m4) [7], treating HL60 cells with alpha (U) 
particle radiation (HL60 Astl, 3, 4 and 25) 
or from untreated HL60 cultures 
(HL60Spl). The variant cells are mor- 
phologically and cytochemically similar to 
HL60 and are able to differentiate along 
the monocyte series when treated with TPA 
[7]. The expression of myeloid antigens by 
the variant lines is shown in Fig. 2. In con- 
trast to HL60, four of these lines fail to ex- 
press the 'transient' myeloid antigen 
(AGF4.36) and show a reduced expression 
of myeloid antigens. HLA class 1 (2A1), a 
leucocyte-associated antigen (BK 19.45) 
and the transferrin receptor (BK19.9) are 
expressed in similar amounts on the HL60 
and variant cell lines. The lines Ast3, 4 and 
Spl, which express myeloid antigens to be 
Same extent as HL60, indicate that the ab- 
sence or reduced expression of myeloid 
antigens is not an artefact of prolonged 
growth in DMSO. These lines are currently 
being karyotyped with a view to identifying 
chromosomal aberrations relating to the - 
above changes. 
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Fig. 1. The distribution of various antigens at different Stages of myeloid maturation. The labelling by 
antibodies of marrow and peripheral blood cells was determined by autoradiography. Results are ex- 
pressed as a percentage of morphological cell type. Reactivity of the antibodies with DMSO-treated 
HL60 cells was determined by indirect immunofluorescence. @-, AGF4.36 (anti-myeloid); A-A, 
AGF4.48, 8.19, 8.29, 8.41 (anti-myeloid); .-I, BK19.9 (anti-transferrin receptor); 0-0, BK19.45 
(reacts with leucocytes only). The reactivity of antibody AGF9.47 against marrow and blood cells is 
similar to A-A except only 62% of blood neutrophils were reactive. Erythroid precursors were un- 
reactive with the AGF series and monocytes (<I%-46%) were weakly stained. The percentage of 
antigen-positive cells is compared with the Fc-mediated phagocytosis of marrow and blood cells 
(A-A) (8) and the ability of the HL60 cells to phagocytose complement-coated yeast cells (A-A). 
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Fig. 2. Expression of surface antigens by variant cell lines from the human promyelocyte line HL60. 
The shaded areas indicate the proportion of reactive cells as determined by indirect immunofluo- 
rescence. The antibodies are described in the legend to Fig. 1, with the exception of 2Al which reacts 
with class 1 HLA antigens. 

The variant lines HL60m2, m4 and 
Ast25 can be induced to differentiate into 
neutrophils using higher DMSO concentra- 
tions (1.5%-1.75%). In the case of HL60m2 
and m4, up to 70% of the cells matured and 
during this process failed to express the 
transient myeloid antigen (AGF4.36) and 
retained reduced amounts of the myeloid 
antigen (AGF4.48) [ 5 ] .  The Ast 1 line, 
which is most affected in terms of expres- 
sion of myeloid antigens, was insensitive to 
2.0% DMSO, in which growth was also lim- 
ited. 

The use of the variant lines in studies of 
myelopoiesis is as follows. The HL60m2 
and m4 appear to be intrinsically restricted 
in their ability to express the AGF4.36 and 
4.48 antigens and can be used to investigate 
the regulation of expression per se of these 
antigens at the cell surface. Furthermore, 
these lines concomitantly show a reduced 
ability to mature. The line may reflect the 
interdependence of the controls which reg- 
ulate the process of neutrophil maturation 
and the expression of myeloid antigens. 
Hence the expression of surface antigens 
can be studied in relation to the regulation 
of cell maturation. The Ast 1 line appears 
to be unable to differentiate into neu- 
trophils and may provide insight into 
whether the presence of a certain surface 
component is essential for the development 
of a particular differentiated line. Finally, if 

physiological inducers of neutrophil matu- 
ration were available the lines can be used 
to investigate the role of the AGF4.36 anti- 
gen. 

In conclusion, the combined use of 
cloned populations of cells and markers for 
the proliferative ability and maturation of 
cells may be used to investigate the regula- 
tion of myelopoiesis. A criticism is that in 
working with permanent cell lines the 
events may not reflect normal differen- 
tiation. However, the loss of the transferrin 
receptor as the HL60 cells stop proliferat- 
ing and the AGF4.36 antigen as the cells 
mature parallels normal myeloid matu- 
ration. Insight, from cell line studies, to the 
intracellular regulation of these changes 
will be pertinent to normal myelopoiesis. 
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