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Abstract 

We demonstrated that eosinophilic leukemia cell line-1 (EoL-1 cells) differentiated into monocytic/macrophagic cells by a 
treatment with interferon-y. Muscarinic receptor mRNA was not detected in untreated EoL-1 cells, and the cytosolic 
concentration of Ca 2÷ ([Ca2+]i) did not rise either in these cells. Interestingly, when EoL-1 cells were treated with interferon-y, 
mRNAs for muscarinic M 3 and M 5 receptors could be detected in these cells, along with an increase in [Ca2+]i and chemotaxis 
induced by carbachol that could be blocked with 4-diphenylacetoxy-N-methylpiperidine methiodide (4-DAMP) and pirenzepine. 
These data support the functional importance of muscarinic M 3 and M 5 receptors in monocytic/macrophagic cells differentiated 
from EoL-1 cells. This model also provides evidence of a significant functional interaction between muscarinic M 3 and M 5 
receptors. 
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I. Introduction 

Pharmacologically distinct forms of the muscarinic 
receptors have been classified into muscarinic M1, M 2 
and M 3 receptor subtypes from the selectivity of novel 
antagonists, namely pirenzepine (Hammer and Gia- 
chetti, 1982), AF-DX 116 (ll-[[2-[(dimethylamino) 
methyl]- 1-piperidinyl]-acetyl]-5,11-dihydro-6-H-pyrido- 
[2,3-b][1,4]benzodiazepin-6-one) (Giachetti et al., 1986) 
and 4-DAMP (4-diphenylacetoxy-N-methylpiperidine 
methiodide) (Michel et al., 1989). Recently, genes for 
muscarinic receptor subtypes have been classified as 
muscarinic M 1 through M 5 receptors, based on results 
from complementary DNA (cDNA) cloning experi- 
ments (Bonnet  et al., 1987; Peralta et al., 1987). 

It has been demonstrated that human phagocytic 
leukocytes have stereo-selective muscarinic receptor 
(Lopker et al., 1980), and that carbachol could induce 
polarization and chemotaxis (Stephens and Snyderman, 
1982). However, neither are there reports about the 

* Corresponding author. Tel. 011-81-0272-20-7111; fax 011-81-272- 
20-8136. 

0014-2999/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved 
SSDI 0014-2999(95)00722-9  

characterization of muscarinic receptor subtypes ex- 
pressed in monocytes, nor about the change of free 
cytosolic Ca 2+ concentration ([Ca2+] i) induced by car- 
bachol in these cells. It is difficult to perform experi- 
ments using normal human monocytes because mono- 
cytes are a minor population of white blood cells and 
the contamination by other cells cannot be avoided. 
The contaminating cells, e.g., T-lymphocytes (Genaro 
et al., 1992), erythrocytes (Abood et al., 1976; Aron- 
stam et al., 1977), and neutrophils (Dulis et al., 1979), 
express muscarinic receptors. 

Eosinophilic leukemia cell line-1 (EoL-1) cells were 
recently established from a patient with eosinophilic 
leukemia (Saito et al., 1985). They have myeloblastic 
features with few eosinophilic granules (1-2%) under 
normal culture conditions. However EoL-1 cells differ- 
entiate into eosinophilic granule-containing cells when 
cultured in an alkaline medium, or after the addition 
of dimethyl sulphoxide (DMSO) (Saito et al., 1985), or 
tumor necrosis factor (Yoshie et al., 1989). Interferon-y 
dramatically augmented 12-O-tetradecanoyl phorbol- 
13-acetate (TPA)-induced membrane oxidative metab- 
olism of EoL-1 cells, but did not change the number of 
EoL-1 cells with distinct eosinophilic granules (2-3%)  
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(Yoshie et al., 1989). It was suggested that inferferon- 
y-treated EoL-1 cells did not differentiate into 
eosinophils, but differentiated into monocytes/macro- 
phages. 

In this study, we demonstrated that EoL-1 cells 
differentiated into monocytic/macrophagic cells by a 
treatment with interferon-y, and analyzed the role of 
muscarinic receptor subtypes expressed in interferon- 
y-treated EoL-1 cells. 

2. Materials and methods 

2.1. Materials 

Recombinant interferon-y and GIT medium were 
purchased from WAKO Pure Chemical Industries, Os- 
aka, Japan. Esterase stain kit was obtained from Muto 
Pure Chemicals Co., Tokyo, Japan. Fura-2/acetoxy- 
methyl ester (fura-2/AM), fura-2, atropine, carbachol, 
pirenzepine and 4-DAMP were purchased from Sigma, 
St. Louis, MO. Reverse transcription polymerase chain 
reaction kit was purchased from Takara, Tokyo, Japan. 
Quickprep micro messenger RNA (mRNA) purifica- 
tion kit was obtained from Pharmacia P-L Biochemi- 
cals, Milwaukee, WI. AF-DX 116 was purchased from 
Boehringer Ingelheim Pharmaceuticals, Ridgefield, CT. 
Microchemotaxis chamber containing a micropore fil- 
ter with a pore diameter of 8 /zm was obtained from 
Kurabou Biomedicals Industries, Osaka, Japan. 

2.2. Cells 

EoL-1 cells were maintained at 37°C in GIT medium 
supplemented with 5% heat-inactived fetal calf serum 
(culture medium) in a humidified atmosphere of 5% 
CO 2. To allow the EoL-1 cells to differentiate into 
monocytic/macrophagic cells, the cells were cultured 
for 3 days in the culture medium containing 100 U /ml  
interferon-y (interferon-y medium) at an initial con- 
centration of 105 cells/ml and cultured for another 3 
days in the new interferon-y medium. Cell viability was 
determined by trypan blue exclusion. In all cases, try- 
pan blue exclusion indicated that > 95% of cells re- 
mained viable. 

2.3. Assay of  differentiation marker in cells 

Non-specific esterase activity, a typical marker for 
cells of monocyte/macrophage lineage, was deter- 
mined in cytocentrifuged preparations using an es- 
terase stain kit with a-naphthyl butyrate as substrate 
(pH 6.3) (Li et al., 1973). A strong non-specific esterase 
activity was detected only in monocytes while the activ- 
ity was very weak or not demonstrable in lymphocytes, 
megakaryocytes, plasma cells, granulocytes and primi- 
tive myeloblasts. 

2.4. Measurement of  [Ca e +]i 

The interferon-y-treated EoL-1 cells were washed 
first with GIT medium and then with Ca 2 +-free buffer 
consisting of (in mM) NaC1 (125), KCI (2.5), MgCl 2 
(0.7), Hepes (25), EDTA (0.5) and Glucose (10), pH 
7.4. The cells were loaded with fura-2/AM dissolved in 
CaZ+-free buffer at 37°C for 20 min. Then, the cells 
were washed twice with the same buffer and attached 
on the glass coverslips and placed in a 1 ml superfusion 
chamber and resuspended in Ca 2+ buffer containing 
(in mM) NaCI (125), KCI (2.5), MgC12 (0.7), Hepes 
(25), CaC12 (1.0) and glucose (10), pH 7.4. Fura- 
2/AM-loaded cells were stimulated by carbachol (1 
/zM to 1 mM). Changes in fluorescence intensity of 
fura-2/AM loaded cells were determined at excitation 
wavelengths of 340 nm and 360 nm, using a fluores- 
cence microscope (Nikon Instech Co., Tokyo, Japan) 
connected to a video-intensified microscope system 
(Hamamatsu Photonics Co., Hamamatsu, Japan) with 
an emission of 510 nm. The concentration of [Ca2+] i 
was estimated from the ratio of fluorescence intensities 
at 340 nm and 360 nm. For calibration, we illuminated 
droplets of buffers containing fura-2 and the deter- 
mined concentration of free Ca 2+ (Calcium Calibration 
Buffer Kit No. 2, Molecular Probe, Eugene, USA). 

2.5. Measurement of  chemotactic activity 

The inferferon-y-treated cells were washed and re- 
suspended in culture medium. The chemotaxis assay 
was performed in 24-well microchemotaxis chambers 
containing a micropore filter with a pore diameter of 8 
/zm. In the lower compartments of the chambers, car- 
bachol was placed in duplicate. Cell suspensions of 0.5 
ml (5 x 106 cells) was transferred into each of the 
upper compartments, and muscarinic receptor antago- 
nists were added. After filling the chambers, they were 
incubated in humidified air in 5% CO2 at 37°C for 60 
rain, and the filter was then fixed, stained with esterase 
stain kit and mounted on a glass slide. Non-specific 
esterase strong positive cells were counted in five 
high-power fields (× 100) per well. Chemotactic re- 
sponse was expressed as the mean number of cells per 
high-power field. 

2.6. Determination of  mRNA levels by reverse transcrip- 
tion polymerase chain reaction 

Total RNA was extracted from interferon-y-treated 
EoL-1 cells according to the method of Quickprep 
micro mRNA purification kit. The purity and quantifi- 
cation were assessed from 260 nm/280 nm ratios. 
RNA (10 t~g) was precipitated and dissolved in 40 mM 
Tris-HC1. The samples (0.1-1 ~g) were denatured and 
reverse transcribed in 20 /zl of buffer composed of 10 
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mM Tris-HCl, 50 mM KC1, 5 mM MgC12, 20 units of 
RNAase inhibitor, 50 units of reverse transcriptase, 2.5 
/zM of oligo (dT)t6 and 1 mM deoxynucleoside triphos- 
phates. Incubation was carried out at 37°C for 60 min 
and was terminated by incubation at 80°C for 10 min. 
Polymerase chain reaction was carried out using the 
following 24-mers (synthesized by Genosys Biotech- 
nologies, Woodlands, Texas): ml-826s, ml-1399a; m 2- 
911s, m2-1170a; m3-1400s, m3-1765a; m4-902s, m 4- 
1559a; ms-654s, ms-1265a; and human glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) amplimers 
(Clontech Laboratories, Palo Alto, CA): 586-605s, 
1018-1037a. Amplifications were carried out in 100/xl 
of buffer containing 10 mM Tris-HC1, 50 mM KC1, 1.5 
mM MgCI 2, 150 pmol of primers, template correspond- 
ing to 10 ng of reverse-transcribed RNA and 2.5 units 
of Themus aquaticus polymerase. Reaction mixtures 
were covered with mineral oil and amplifications were 
carried out in 0.5 ml polypropylene tubes in a DNA 
Thermal Cycler (Perkin Elmer Cetus Instruments). The 
cycles were as follows: one cycle of 95°C for 5 min, 
60°C for 30 s and 72°C for 1 min; followed by 35 cycles 
of 95°C for 30 s, 60°C for 30 s and 72°C for 1 min; and 
one cycle of 95°C for 30 s, 60°C for 30 s and 72°C for 5 
min. The samples (20/zl) were electrophoresed in 3% 
NuSieve/l% agarose gels, containing 1 /zg/ml ethid- 
ium bromide, and were viewed on a 300 nm ultraviolet 
transilluminator. 

3. Results 

3.1. Differentiation of EoL-1 cells into monocytic/ 
macrophagic cells 

The differentiation of EoL-1 cells cultured with 
interferon-y into monocytic/macrophagic cells was ex- 
amined by observing the appearance of non-specific 
esterase (a marker of monocytes and macrophages) (Li 
et al., 1973). The induction of the non-specific esterase 
could not be observed in EoL-1 cells cultured without 
interferon-y for 6 days (data not shown). On the other 
hand, as shown in Fig. 1, interferon-y strongly induced 
the non-specific esterase in EoL-1 cells in a time-de- 
pendent manner, whereas weakly positive cells were 
reduced in number. The appearance of non-specific 
esterase activity was observed in about 85% of the cells 
cultured with 100 U/ml  interferon-y for 6 days, indi- 
cating that about 85% of EoL-1 cells were differenti- 
ated into monocytic/macrophagic cells during the 
treatment. 

3.2. Carbachol-induced rise in [Ca 2 +]i 

Carbachol at various concentrations (1-100 /zM) 
had no effect on the rise in [Ca2+]i in untreated EoL-1 
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Fig. l. Differentiation of EoL-1 cells into monocyt ic /macrophagic  
cells by t rea tment  with interferon-7. EoL-1 cells were cultured with 
100 U / m l  interferon-), for various time periods. After  each incuba- 
tion period, nonspecific esterase activity was determined as the 
differentiation marker.  Results  are shown as m e a n s +  S.D. of  three 
different experiments.  

cells (data not shown), but caused a dose-dependent 
rise in [Ca2+]i in EoL-1 cells cultured with 100 U/ml  
interferon-y for 6 days (Fig. 2). Atropine, a non-selec- 
tive muscarinic receptor antagonist, inhibited 100 /~M 
carbachol-induced increments in [Ca2+]i in a dose-de- 
pendent manner with an IC50 value of 12.9 nM (Fig. 3). 
To characterize the subtypes of muscarinic receptors 
mediating [CaX+] i elevation, we examined the in- 
hibitory effects of muscarinic receptor antagonists, 
pirenzepine (M 1 > M 3 > Me), AF-DX 116 (M 2 > M 1 
> M 3) and 4-DAMP ( M  3 => M 1 > M2) , on 100 /zM 
carbachol-induced rise in [Ca2+]i . The order of in- 
hibitory potency of muscarinic receptor antagonists for 
carbachol-induced [Ca2+]i rise was 4-DAMP > 
pirenzepine >> AF-DX 116 (Fig. 4). IC50 values for the 
inhibitory effects on the 100 /xM carbachol-induced 
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Fig. 2. Carbachol-induced rises in [Ca2+]i in EoL-1 cells cultured 
with 100 U / m l  interferon-y for 6 days. Increments  in [Ca 2+ ]i were 
examined for various concentrat ions of carbachol, according to the 
methods  described in Materials and methods.  Resul ts  are shown as 
meansS:  S.D. of  measurements  in ten cells. Basal value of in inter- 
feron-y-treated EoL-1 ceils was 135.0+ 27.3 nM. 
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Fig. 3. Inhibitory effects of atropine on carbachol-induced rises in 
[ Ca2+ ]i in EoL-1 cells cultured with 100 U / m l  interferon-y for 6 
days. After  a pre t reatment  with various concentrations (1 nM to 10 
raM) of atropine for 100 s, the effects of  100 /zM carbachol were 
examined. Rises in [Ca 2+ ]i were measured  by the methods  described 
in Materials and methods.  Resul ts  are shown as means_+S.D, of  
values obtained from ten cells. 
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Fig. 5. Carbachol-induced chemotactic activity in interferon-y-treated 
EoL-I cells. The wells at the bottom of the chamber contained 
various concentration (I0 nM to I mM) of carbachol and the upper 
piece contained EoL-1 cells cultured with 100 U / m l  interferon--), for 
6 days. Chemotactic activity was measured  according to the methods  
described in Materials and methods.  Results are shown as means  + 
S.D. of values obtained from experiments performed in duplicate. 

rise in [Ca2+]i were 65.0 nM for pirenzepine, > 10000 
nM for AF-DX 116 and 54.4 nM for 4-DAMP. 

3.3. Chemotactic activity induced by carbachol 

Carbachol had no effect on chemotactic activities in 
untreated EoL-1 cells (data not shown). On the other 
hand, chemotactic activities were induced in inter- 
feron-y-treated EoL-1 cells in response to various con- 
centrations (10 nM to 1 mM) of carbachol in a dose-de- 
pendent  manner (Fig. 5). To determine the subtypes of 
muscarinic receptors mediating the chemotactic activ- 
ity, the inhibitory effects of muscarinic receptor antag- 
onists at various concentrations (100 nM to 100 /zM) 
on 100/z M carbachol-induced chemotactic activity were 
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Fig. 4. Inhibitory effects of  muscarinic antagonists on carbachol-in- 
duced rises in [Ca2+] i in EoL-1 cells cultured with 100 U / m l  
interferon-3, for 6 days. After  a pre t rea tment  with pirenzepine ([]) ,  
AF-DX 116 ( • )  or 4 -DAMP ( • )  at various concentrat ions (10 nM 
to 10/.~M) for 100 s, the effects of  100 ~ M  carbachol were examined. 
Rises in [Ca 2+ ]i were measured  by the methods  described in Materi- 
als and methods.  Results  are shown as m e a n s + S . D ,  of measure-  
ments  in six cells. 

compared. The order of inhibitory potency of mus- 
carinic receptor antagonists for carbachol-induced 
chemotactic activity was 4-DAMP > pirenzepine >> 
AF-DX 116 (Fig. 6). These pharmacological findings 
indicated that 4-DAMP and pirenzepine preferentially 
antagonized muscarinic M 1 a n d / o r  M 3 receptor on 
the surface of interferon-y-treated EoL-1 cells, result- 
ing in the inhibition of chemotactic activity. 

3.4. The muscarinic receptor m R N A  expression in EoL-1 
cells 

We also examined the expression of mRNA of mus- 
carinic receptor subtypes. RNAs were extracted from 
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Fig. 6. Inhibitory effect of pirenzepine ([]) ,  AF-DX 116 ( I )  or 
4 -DAMP ( 1 )  on carbachol-induced chemotactic activity in inter- 
feron-y-treated EoL-1 cells. The  wells at the bot tom of the chamber  
contained 100/xM carbachol, and the upper  piece contained various 
concentrations (100 nM to 10 /xM) of muscarinic antagonists and 
EoL-1 cells cultured with 100 U / m l  interferon-y for 6 days. Chemo- 
tactic activity was measured  by the methods  described in Materials 
and methods.  Resul ts  are shown as means_+ S.D. of values obtained 
from experiments  performed in duplicate. 
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Fig. 7. Expression of muscarinic receptor mRNA in EoL-1 cells. 
Total RNA was prepared from untreated EoL-1 cells (A), or EoL-1 
cells treated with 100 U/ml interferon-y for 6 days (B), and reverse 
transcription and polymerase chain were then performed as de- 
scribed in Materials and methods. 

untreated and interferon-y-treated EoL-1 ceils and 
measured using the reverse transcription polymerase 
chain reaction method. Untreated EoL-1 cells did not 
express muscarinic receptor subtypes while interferon- 
y-treated EoL-1 cells expressed muscarinic M 3 and M 5 
receptor subtypes. The mRNAs for muscarinic M1, M 2 
and M 4 receptor subtypes were not detected either in 
untreated or interferon-y-treated EoL-1 cells (Fig. 7). 
In the absence of reverse transcriptase, these mus- 
carinic receptor subtypes were not detected in un- 
treated or interferon-y-treated EoL-1 cells (data not 
shown), indicating that there was no contamination 
from cellular DNA or amplified products. 

4. Discuss ion 

The purpose of our present study was to determine 
the subtypes of muscarinic receptors expressed on 
monocytic/macrophagic cells by using interferon-y- 
treated EoL-1 cells, and establish the functional signifi- 
cance of these receptors. 

EoL-1 cells were originally established from a pa- 
tient with eosinophilic leukemia. They have the unique 
property to differentiate into eosinophilic granule-con- 
taining cells when cultured with DMSO or tumor 
necrosis factor (Yoshie et al., 1989). Interferon-y aug- 
mented TPA-induced membrane oxidative metabolism 
of EoL-1 cells, but did not change the number of 
EoL-1 cells with distinct eosinophilic granules (2-3%)  
(Yoshie et al., 1989). Interferon-y was also shown to 
inhibited interleukin-3-dependent differentiation of 
eosinophils in a bone marrow suspension culture sys- 
tem (Gajewski et al., 1988; Sillaber et al., 1992). These 
data suggested that interferon-,/ t reatment did not 
cause differentiation of EoL-1 cells into eosinophils. 

It has also been reported that HL-60 cells (human 
promyelocytic leukemia cell line) also differentiated 
into monocytic/macrophagic cells when treated with 
l a ,  25 (OH) 2 D3, TPA (Kizaki et al., 1993) or inter- 
feron- T (Ball et al., 1984). Interferon-y activated oxida- 

tive metabolism and antimicrobial activity in human 
macrophages (Nathan et al., 1983). These results sug- 
gested that interferon- T could induce differentiation of 
EoL-1 cells into monocytic/macrophagic cells. To as- 
certain whether interferon-y can cause differentiation 
of EoL-1 cells to monocytic/macrophagic cells, we 
examined non-specific esterase activity in human 
leukocytes as a marker for differentiation into mono- 
cytic/macrophagic cells. When a-naphthyl butyrate was 
used as a substrate, non-specific esterase activity was 
strong in monocytes but very weak or not demonstrable 
in other blood cells (Li et al., 1973). Non-specific 
esterase activity of HL-60 cells was increased as they 
differentiated into monocytic/macrophagic cells (Kiza- 
ki et al., 1993). As shown in Fig. 1, the non-specific 
esterase activity was increased in EoL-1 cells after by 
the treatment with interferon-y when more than 80% 
of the cells became strongly positive. In other words, it 
was shown that interferon-y-treated EoL-1 ceils be- 
came monocytic/macrophagic cells. 

Human phagocytic leukocytes have been shown to 
possess muscarinic receptors on their surface (Lopker 
et al., 1980). Human monocyte chemotaxis was induced 
by carbachol through the activation of muscarinic re- 
ceptors. It has been observed that the rounded cells 
change into triangular (polarized) cells before the di- 
rectional movement. This polarization by the pharma- 
cological agents (phenylephrine, carbachol and sero- 
tonin) required extracellular Ca 2+ (Stephens and Sny- 
derman, 1982). Therefore,  we examined changes in 
[Ca2+] i and chemotaxis induced by carbachol in inter- 
feron-y-treated and untreated EoL-1 ceils. As shown 
in Figs. 2 and 5, carbachol could dose-dependently 
induce a rise in [Ca2+] i and chemotaxis only in inter- 
feron-y-treated EoL-1 cells. By using muscarinic recep- 
tor antagonists, we tried to pharmacologically deter- 
mine the muscarinic receptor subtypes that mediated 
the carbachol-induced increase in [Ca2+] i and chemo- 
taxis in interferon-y-treated EoL-1 cells. Pharmacologi- 
cally distinct forms of the muscarinic receptor have 
been classified into muscarinic M1, M 2 and M 3 recep- 
tor subtypes from the selectivity of novel antagonists, 
namely pirenzepine (Hammer  and Giachetti, 1982), 
AF-DX 116 (Giachetti et al., 1986) and 4-DAMP 
(Michel et al., 1989). The carbachol-induced rise in 
[Ca2+] i and chemotaxis were inhibited by these antago- 
nists in the order  of 4-DAMP ____ pirenzepine >> AF-DX 
116 in interferon-y-treated EoL-1 ceils. These data 
suggested that the muscarinic M 2 receptor did not 
mediate carbachol-induced increase in [Ca2+]i or 
chemotaxis. However, pharmacologically, it was diffi- 
cult to determine whether the muscarinic M 3 or M 1 
receptor subtype was mainly concerned with the activa- 
tion of interferon-y-treated EoL-1 cells by carbachol. 

Genes for muscarinic receptor subtypes have re- 
cently been classified as muscarinic m I through m 5 
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receptor genes, based on results from cDNA cloning 
experiments (Bonner et al., 1987; Peralta et al., 1987). 
We examined muscarinic receptor mRNA expressed in 
interferon-y-treated or untreated EoL-1 cells, to clarify 
which subtype of muscarinic receptor mediate the ele- 
vation of [Ca2+] i and chemotaxis. As shown in Fig. 7, 
muscarinic receptor mRNA was not detected in EoL-1 
cells not treated with interferon-y. On the other hand, 
interferon-y-treated EoL-1 cells expressed the mus- 
carinic m 3 and m s receptor genes. These results showed 
that muscarinic m 3 and m 5 receptor mRNAs were 
induced as the EoL-1 ceils differentiated to mono- 
cytic/macrophagic cells. Furthermore,  these results 
also suggested that carbachol did not activate inter- 
feron-y-treated EoL-1 cells through the muscarinic M 1 
receptor. It has been reported that Jurkat cells (human 
leukemic helper T lymphoma cell line) express mRNA 
of muscarinic M 3 receptor subtype only and the rise in 
[Ca2+] i induced by oxotremorine-M (an agonist of 
muscarinic receptor) was inhibited by 4-DAMP > 
atropine >> pirenzepine > AF-DX 116 in Jurkat cells 
(Kaneda et al., 1993). In our experiments, carbachol-in- 
duced rise in [Ca2+]i and chemotaxis were inhibited by 
4-DAMP = pirenzepine >> AF-DX 116 in interferon- 
y-treated EoL-1 cells. The blocking effect of piren- 
zepine in our study was different from that observed by 
Kaneda et al. (1993). To explain this difference, the 
expression of muscarinic M 5 receptor may be impor- 
tant. Allaoua et al. (1993) reported that dopamine 
neurons were selectively enriched with the mRNA for 
the muscarinic M 5 receptor subtypes. Potentiation of 
N-methyl-D-aspartate-stimulated dopamine release by 
oxotremorine-M was inhibited by pirenzepine > AF- 
DX 384 (( _+ )-5,11-dihydro-ll-[[[2-[2-[(dipropylamino) 
methyl]- 1-piperidinyl]ethyl]amino]carbonyl]-6H-pyrido- 
[2,3-b][1,4]benzodiazepine-6-one; muscarinic M 2 re -  

c e p t o r  antagonist) >> 4-DAMP (Allaoua et al., 1993). It 
may therefore be suggested that the muscarinic M 5 
receptor functionally affects the carbachol-induced rise 
in [Ca2+]i and chemotaxis. It is expected that further 
analysis of interferon-y-treated EoL-1 cells will provide 
much information about the role of muscarinic M 5 
receptor and the interaction between muscarinic M 3 
and M 5 receptors. 

Generally, muscarinic M 2 and M 4 receptors inhibit 
the activity of adenylyl cyclase (Fukuda et al., 1989; 
Ashkenazi et al., 1989), while muscarinic M 1, M 3 and 
M 5 receptors activate the phosphatidylinositol turn- 
over. Interestingly, interferon-y induced the expression 
of muscarinic receptor subtypes that activate phospha- 
tidylinositol turnover. Further  analysis will demon- 
strate the role of muscarinic receptor subtypes in inter- 
feron-y-treated EoL-1 cells. 

The present study is the first to demonstrate the 
differentiation of EoL-1 cells into monocyt ic /macro-  
phagic cells by the treatment with interferon-y. This 

may provide valuable future directions to investigate 
the mechanisms regulating the induction and function 
of muscarinic receptor subtypes in human monocytes 
or macrophages. 
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