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was present. All the cell lines expressed mRNA of
Fc � RI � -,  � - and  �  T , with LAD2 tending to have the highest 
expression. However, a determination of the  � / �  T  ratio 
demonstrated no difference between any of the cell 
clones.  Conclusion:  These cell lines are important tools 
in the investigation of both the Fc � RI molecule and the 
effects induced by its activation. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Mast cells and basophils are effector cells in IgE-asso-
ciated immune responses, such as type 1 allergic diseases 
and host resistance to parasites  [1] . The high-affi nity IgE 
receptor (Fc � RI), which is primarily expressed on mast 
cells and basophils, arms the effector cells with IgE.
Fc � RI consists of the IgE-binding  � -chain, a  � -chain, the 
function of which depends on its form, and the two  � -
chains, which are responsible for intracellular signalling. 
The full-length classic  � -chain contributes to Fc � RI sur-
face expression and signaling  [2–4] , whereas an alterna-
tively spliced truncated form ( �  T ) prevents expression 
 [5] . 

 Cross-linking of IgE-armed Fc � RI results in activation 
of the cell and release of preformed mediators (e.g. hista-
mine) and the generation of new mediators (e.g. cytokines 
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 Abstract 
  Background:  Mast cells and basophils express the high-
affi nity IgE receptor Fc � RI. We have analysed the human 
mast cell line LAD2 and four subclones of the basophil 
cell line KU812 in order to reveal possible differences 
concerning the Fc � RI surface regulation, anti-IgE-trig-
gered activation, Fc � RI �  protein stability and the mRNA 
level of Fc � RI � -,  � - and the truncated  � -chain ( �  T ), and 
thereby determine the utility of these cell lines in inves-
tigations of the Fc � RI biology.  Methods:  The surface ex-
pression of Fc � RI was assessed by fl ow cytometry, using 
the monoclonal antibody CRA1. The Fc � RI-induced cel-
lular activation (i.e. cross-linking of Fc � RI) was deter-
mined by changes in the intracellular level of Ca 2+ , which 
was measured by fl uorescence of Fura-2. The level of the 
Fc � RI �  protein was determined by a Western blot tech-
nique and by a radioimmunoassay. The mRNA level of 
Fc � RI � ,  � - and  �  T -chain was analysed using real-time 
PCR.  Results:  Two KU812 subclones and especially LAD2 
had Fc � RI surface expression which was capable of in-
ducing cellular activation. Both the Fc � RI expression and 
stability of the Fc � RI �  protein were increased when IgE 
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and leukotriene C 4 )  [6] . Surface expression of Fc � RI is 
correlated with the serum level of IgE, and this has been 
used in therapeutic approaches. Anti-IgE treatment de-
creases the serum IgE level and thereby indirectly lowers 
the Fc � RI expression to a level that affects the effector 
cell reactivity  [7, 8] . 

 We have analysed the Fc � RI molecule from the human 
mast cell line LAD2 and the four human basophilic cell 
clones KU812, KU812*, KU812E and KU812F. The 
LAD2 cell line was established in 2000 (published in 
2003) from bone marrow aspirates of a male patient with 
mast cell sarcoma/leukemia. It is cultured in serum-free 
medium and is dependent on the cytokine stem cell fac-
tor for continued proliferation. LAD2 is described posi-
tive for histamine, tryptase and chymase, and to have 
functional Fc � RI and Fc � RI receptors  [9] . 

 The KU812 clones, which were established from a 
male patient with blastic crisis of chronic myelogenous 
leukemia, were published in 1985. These cell lines are 
cultured with serum and are not dependent on any cyto-
kines  [10] . They are described as being positive for hista-
mine and tryptase, and to some extent expression of
Fc � RI  [10–14] . 

 Our aim was to examine the Fc � RI molecule from 
LAD2 and the KU812 clones in order to reveal possible 
differences concerning the regulation of its surface ex-
pression mediated by IgE, the anti-IgE-triggered change 
in intracellular free Ca 2+ , the Fc � RI �  protein level and 
stability, and the mRNA level of Fc � RI � -,  � - and  �  T -
chain, and thereby determine the utility of these cell lines 
in the Fc � RI-related investigation. 

 Materials and Methods 

 Cell Culture and Stimulation 
 LAD2 cells were a kind gift from Dr. Dean D. Metcalfe, NIH, 

Bethesda, Md., USA. KU812 cells were a kind gift from Gunnar 
Nilsson (Uppsala, Sweden). KU812* (originally named KU812 by 
the European Collection of Cell Cultures, ECACC), KU812E and 
KU812F were bought from ECACC, Salisbury, UK. LAD2 cells 
were cultured in serum-free media (StemPro-34, Life Technologies, 
Invitrogen, Taastrup, Denmark) supplemented with 2 m M   L -glu-
tamine, 50 IU/ml penicillin, 50  � g/ml streptomycin (Life Tech-
nologies) and 100 ng/ml recombinant human stem cell factor (Pe-
protech, Rocky Hill, N.J., USA). The KU812 clones were main-
tained in RPMI-1640 (Sigma-Aldrich, Brøndby, Denmark) sup-
plemented with 10% FCS (Life Technologies), 50  � g/ml gentamicin 
and 2 m M   L -glutamine (Life Technologies). The cells were cultured 
at 37   °   C in a humidifi ed atmosphere with 5% CO 2 . The LAD2 cell 
density was maintained between 0.25  !  10 6  and 0.5  !  10 6  cells/ml, 
and the cell culture was diluted every week. Cell density of the 
KU812 clones was maintained between 0.25  !  10 6  and 1  !  10 6  

cells/ml, and the cell cultures were diluted twice a week. For stimu-
lation with IgE(ND) (supernatant from the B-cell line U266), 
KU812 cells were centrifuged, resuspended in culture medium sup-
plemented with 1  � g/ml IgE (ND) and cultured for 24 h under nor-
mal conditions. 

 Flow-Cytometric Analysis 
 Cell surface expression of Fc � RI, CD32 and CD203c was as-

sessed by fl ow cytometry. In brief, cells were incubated with 10  � g/
ml mouse IgG 2b  anti-human Fc � RI �  chain antibody CRA1 (Cosmo 
Bio, Tokyo, Japan) or 10  � g/ml mouse anti-human CD32 antibody 
(Dako, Horsholm, Denmark) for 30 min on ice. The cells were 
washed twice in phosphate-buffered saline (PBS, pH 7.4 ) supple-
mented with 0.5% bovine serum albumin (BSA; Sigma-Aldrich) 
and then incubated with 1  � g/ml FITC-conjugated rat anti-mouse 
IgG 2b , 25  � g/ml FITC-conjugated F(ab � ) 2  goat anti-mouse antibody 
or 10  � l mouse anti-human CD203c-PE antibody (Immunotech, 
Marseille, France) for 20 min on ice. The cells were washed once 
in PBS supplemented with 0.5% BSA and analysed by fl ow cytom-
etry (FACScan, BD Immunocytometry Systems, San Jose, Calif., 
USA). As a negative control, mouse IgG 2b ,   mouse IgG 1  or mouse 
IgG 1 -RPE (Dako) were used. The extent of receptor expression is 
represented as the geometric mean of fl uorescence intensity (geoM-
FI). The results are corrected for the isotype control. 

 Measurements of Intracellular Ca 2+  in KU812 
 Intracellular Ca 2+  measurements were performed using Fura-

2/AM as described previously  [15] . Briefl y, the intracellular free 
Ca 2+  concentration ([Ca 2+ ] i ) was measured using a digital imaging 
system consisting of a Zeiss Axiovert 135 microscope equipped 
with a Zeiss Achrostigmat  ! 40 objective with a 1.3 numeric aper-
ture, a CCD 72 video camera and a GenIIsys image intensifi er from 
Dage-MTI (Michigan City, Ind., USA) and MetaFluor software 
from Universal Imaging (West Chester, Pa., USA). Cells were load-
ed with 5  �  M  Fura-2/AM in RPMI-1640 with 0.1% human serum 
albumin (Statens Serum Institute, Copenhagen, Denmark) for 
30 min at 37   °   C. After washing with PIPES buffer with 0.1% human 
serum albumin, the cells were transferred to a chamber slide and 
placed on a microscope stage. [Ca 2+ ] i  was measured according to 
the equation [Ca 2+ ] i  =  K  d   !  ( R –   R  min )/( R  max  –  R )  !  ( S  f2 / S  b2 ), where 
the dissociation constant  K  d  = 224 n M ,  S  f2 / S  b2  = 1.45,  R  max  = 2.8 
and  R  min  = 0.1. Stimulation was done by adding rabbit anti-human 
IgE or rabbit serum to the cell chamber, using a fi nal concentration 
of 10  � g/ml anti-IgE or the corresponding amount of rabbit se-
rum. 

 Cell Lysates 
 Cell suspensions were lysed (10 7  total cells/ml) using 1.25 ! 

lysis buffer (62.5 m M  Tris HCl, pH 7.4; 1.25% NP-40 (Calbiochem, 
La Jolla, Calif., USA); 313 m M  NaCl; 1.25 m M  EDTA; 0.625 m M  
phenylmethylsulfonylfl uoride; 1.25  � g/ml aprotinin; 1.25  � g/ml 
leupeptin; 1.25  � g/ml pepstatin; 1.25 m M  Na 3 VO 4 , and 1.25 m M  
NaF (all protease inhibitors were bought from Sigma-Aldrich). Af-
ter adding lysis buffer, the cells were kept on ice for 20 min and 
then centrifuged (12,000  g , 10 min, 4   °   C). The supernatants were 
kept at –80   °   C until further analysis. Protein contents in the super-
natants were measured using the Bio-Rad protein dye according to 
the manufacturers instructions (Bio-Rad Laboratories, Hercules, 
Calif., USA). 
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 Detection of Fc � RI �  Using an Immunoradiometric Assay 
 The level of Fc � RI �  protein in the lysed cell suspensions (lysate 

from 40,000 cells was used) was determined using a previously de-
scribed immunoradiometric method  [16] . In brief, CRA1-coated 
Maxisorp tubes (Biotech Line, Slangerup, Denmark) were used to 
detect the Fc � RI � -protein. 100  � l sample diluted in dilution buffer 
[RPMI-1640, 10% FCS, 0.2% Tween 20, 1  � g/ml IgE(ND)] was 
added and incubated overnight at 4   °   C. All samples were adjusted 
to an IgE concentration of 1  � g/ml before dilution. 100  � l of rabbit 
anti-IgE- 125 I (Pharmacia Diagnostics, Uppsala, Sweden) diluted 1:  
 7 in PBS containing 0.1% Tween 20, was added to washed tubes, 
which were incubated overnight at 4   °   C.  � -Radiation was measured 
on a 1471 Wizard counter (Perkin Elmer Life Science-Wallac Oy, 
Turku, Finland) for 3 min. All samples were tested in duplicate. 
The mean value of 10 buffer measurements plus 2 !  SD was used 
as cutoff. The amount of Fc � RI �  protein in the standard is vali-
dated in arbitrary ‘ � -chain units’. The standard used (which con-
sists of lysed KU812 cells  [16] ) was assigned a value of 10,000  � -
chain units and could be diluted up to 1,000 times in the immuno-
radiometric assay. 

 Western Blot of Fc � RI �  
 Lysate from 40,000 cells was boiled for 3 min with 6 !   Laemmli 

buffer and run on 10% SDS-polyacrylamide gels, prepared accord-
ing to the Laemmli protocol  [17] . Protein content in the lysates was 
determined using the Bio-Rad protein dye, to assure that the same 
protein amount was loaded on the gel. The gels were blotted onto 
PVDF membranes (Millipore, Bedford, Mass., USA). Excess bind-
ing sites were blocked by incubation with 5% BSA in TBST (50 m M  
Tris base, 150 m M  NaCl, 0.5% v/v Tween 20 and 5 m M  NaN 3 ,
pH 7.4) for 2 h at room temperature. To detect Fc � RI �  protein, 
0.14  � g/ml of rabbit anti-human Fc � RI �  antibody (Upstate Bio-
technology, Lake Placid, N.Y., USA) were used as primary anti-
body, and a 1:   7,000 dilution of HRPO-conjugated goat anti-rabbit 
antibody (Santa Cruz Biotechnology, Santa Cruz, Calif., USA) was 
used as secondary antibody. The blots were visualized by the en-
hanced chemiluminescence system (Amersham Pharmacia Bio-
tech, Little Chalfont, UK) according to the manufacturer’s instruc-
tions. Images of the Fc � RI �  protein bands were obtained using an 
LAS 3000 imager from Fuji Film Japan (Scandinavian distributor: 
Science Imaging Scandinavia, Nacka, Sweden). 

 To control differences in Western blots, each blot included a 
standard lane that consisted of KU812 cell lysate. Comparisons of 
scanned blots were made by expressing the digitized band intensi-
ties relative to the 50-kDa Fc � RI �  protein band in the KU812 
standard within the same blot and expressed in ‘Wb units’. 

 RNA Isolation and Reverse Transcription 
 Total RNA from the cell lines was isolated by RNeasy Mini Kit 

(Qiagen, Hilden, Germany). For quality and quantity measure-
ments, RNA samples were evaluated using an Agilent 2100 bio-
analyser (Agilent Technologies Denmark, Naerum, Denmark) ac-
cording to the manufacturer’s instruction. One microgram of each 
RNA sample was then submitted to fi rst-strand synthesis. First-
strand synthesis was performed as described in earlier work using 
reverse transcriptase, SuperScript II (Life Technologies, Grand Is-
land, N.Y., USA)  [18] . 

 Real-Time PCR 
 Expression of the  � -,  � - and the truncated  �  T -chain was deter-

mined using real-time PCR performed on the ABI PRISM 7700 
Sequence Detection System (Applied Biosystems, Foster City, 
 Calif., USA). As a consequence of alternative splicing, the  � -gene 
encodes two proteins; the full-length classic  � -chain and a trun-
cated form ( �  T ). The  �  T  transcript retains the 5th intron and in this 
way it is possible to distinguish between  �  and  �  T  transcripts  [5] . 
For amplifi cation of cDNA, the following primers and probes were 
used:  � -chain (forward) 5 �  TCT TCA GTG ACT GGC TGC TCC 
3 � ,  � -chain (reverse) 5 �  GCT GGC CCT CCA TCA CC 3 �  and the 
FAM-marked probe 5 �  TCA GGC CTC TGC TGA G 3 � ,  � -chain 
(forward, exon 5) 5 �  CCA CAT CCA CAG TTG CCA GAA AT 3 � , 
 � -chain (reverse, exon 6) 5 �  TGA GAA ACA GCA TCA TCA CTA 
CAA TTT 3 � ,  �  T -chain (forward, exon 4) 5 �  GTC AAT TAT ATC 
TGA AAG GAG AAA TGC 3 � ,  �  T -chain (reverse, intron 5) 5 �  GGA 
CCC AGA ATC TTA GTC TTC C 3 �  and the FAM-marked probe 
used in both  � -chain systems 5 �  TGA GAC CAA GTG CTT TAT 
GGC TTC CTT 3 �  (exon 5). The primers were carefully designed 
to avoid self-complementarity and blasted for similar sequences. 
The probe and primers were purchased from MWG Biotech 
 (Ebersberg, Germany). The real-time PCR reaction was performed 
according to the program (50   °   C for 2 min  ]  95   °   C for 10 min  ]  
45 !  95   °   C for 15 s  ]  60   °   C for 60 s) and the following ranges for 
C T -values were found: 19.9–22.3 ( � ), 21.3–34.4 ( � ) and 24.3–36.8 
( �  T ). The mRNA level was normalized to the endogen control 
HUPO (Human Large Ribosomal Protein, Applied Biosystems). 
C T -values for HUPO were found to be between 15.1 and16.7. 

 Using the  � -chain primers facilitated also concomitant mea-
surement of  �  T  chain, because they span over the intron that spec-
ifi es  �  T . However, if the  �  T -chain should be amplifi ed, a product of 
491 bp should be made, which is 3–6 times the size of products 
recommended in real-time PCR. Furthermore, when analysing the 
amplifi cation reaction on agarose gel, there was no trace of any 
product around 491 bp representing the  �  T -chain (results not 
shown). This illustrates that the  � -chain primers only amplify the 
 � -chain. Regarding the  �  T -chain measurement, using a primer 
placed in intron 5 ensured that only the  �  T -chain was amplifi ed. 

 To determine a relative gene expression level, each real-time 
PCR reaction plate included a standard consisting of 10-fold dilu-
tions of cDNA made from the human mast cell line LAD2. 

 Results 

 Surface Receptors 
 To detect the basal level of Fc � RI expression, the fi ve 

cell lines were analysed by fl ow cytometry using the mono-
clonal anti-Fc � RI �  antibody CRA1. As shown in  fi gure 
1 a, LAD2 cells had the highest Fc � RI expression with a 
geometric mean fl uorescence intensity (geoMFI) of 23. 
The expression was more than 4-fold compared with 
KU812 and more than 10-fold compared with KU812*. 
KU812E and KU812F did not have any detectable
Fc � RI expression. 

 CD32 and CD203c expression was also determined 
( fi g. 1 b, c). In contrast to Fc � RI expression, KU812E and 
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KU812F had the highest CD32 (geoMFI of 159 and 122, 
respectively) and CD203c expression (geoMFI of 167 and 
107, respectively). LAD2, KU812 and KU812* had a 
comparable, lower CD32 expression (geoMFI between 47 
and 62, respectively), but CD203c expression differed. 
LAD2 and KU812* demonstrated a CD203c expression 
with a geoMFI of 77 and 42, respectively, but the expres-
sion of CD203c on KU812 was nearly undetectable 
(geoMFI of 3). 

  Kinetics of IgE-Induced Upregulation of Fc  �  RI  
 To characterise the IgE-induced Fc � RI expression, we 

analysed the IgE effect after 1, 2, 6, 12 and 24 h. The 
stimulations were made with IgE(ND) obtained from the 
B-cell line U266. Another isoform, IgE(PS), was also test-
ed, but, the ability to upregulate Fc � RI did not differ be-
tween the two IgE types (results not shown). For all fi ve 
cell lines, Fc � RI expression and IgE binding were mea-
sured at each time interval.  Figure 2 a shows the Fc � RI 
level and  fi gure 2 b the percentage of Fc � RI-positive cells. 
Surface Fc � RI expression on LAD2 cells increased during 
the 24 h from a geoMFI of 26 to 106, and the number of 
Fc � RI-positive cells increased from 74 to 97%. KU812 
also showed an increase in Fc � RI expression during 24 h, 
but  the increase was not as quick as with LAD2 cells 
(geoMFI increased from 4 to 12 and the percentage of
Fc � RI-positive cells changed from 53 to 86%). Further-
more, in contrast to the steady increase in Fc � RI expres-
sion on LAD2 cells, the Fc � RI upregulation on KU812 
cells seemed to change kinetics after 2 h after which the 
upregulation continued at a lower rate. Fc � RI expression 
on KU812* was just above the detection limit with a geo -

 MFI of 1 changing to 2 when stimulated with IgE and 
only 2% was Fc � RI positive. Neither KU812E nor 
KU812F demonstrated any detectable Fc � RI expres-
sion. 

  Figure 2 c shows the level of IgE binding and  fi gure 2 d 
the percentage IgE-positive cells. In parallel to the results 
of Fc � RI expression, LAD2 cells showed the greatest IgE 
binding with a geoMFI of 867 after 24 h and 100% posi-
tive cells after just 1 h of incubation. The percentage of 
positive cells was higher using IgE detection compared to 
the Fc � RI �  detection system, due to a better sensitivity. 
KU812 was found to have a smaller IgE level with a 
geoMFI of 109 after 24 h, but almost all cells were IgE 
positive after 1 h of incubation. KU812* showed IgE-
positive cells (35% after 24 h of IgE stimulation) even 
though Fc � RI detection was minimal. KU812E and 
KU812F had few IgE-positive cells (between 5 and 10%), 
although Fc �� RI expression was not measurable. 

 Anti-IgE-Induced Changes in the Intracellular Free 
Ca 2+  Concentration 
 Fc � RI on the fi ve cell lines was further functionally 

analysed regarding their anti-IgE-triggered activation. 
We examined the intracellular free Ca 2+  concentration 
([Ca 2+ ] i ) in cells (incubated with IgE for 24 h) stimulated 
with anti-IgE. Both LAD2 and KU812 cells demonstrat-
ed a comparable rise in [Ca 2+ ] i  (300–350 n M ). However, 
as seen in  fi gure 3 a and  3 b, the [Ca 2+ ] i  profi le differed be-
tween the two cell types. More oscillations in the [Ca 2+ ] i  
were found among the KU812 cells. Few of the KU812* 
cells reacted when stimulated with anti-IgE ( fi g. 3 c), but 
none of the KU812E or KU812F cells became activated 
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  Fig. 1.  Surface expression of Fc � RI ( a ), CD32 ( b ) and CD203c ( c ) on each cell line determined by fl ow cytometry. 
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( fi g. 3 d, e). Anti-IgE-stimulated cells without prior IgE 
incubation did not cause any changes in [Ca 2+ ] i  (results 
not shown). Rabbit serum has been shown to induce 
changes in [Ca 2+ ] i , and was used to confi rm the reactivity 
of the cell lines not responding to anti-IgE stimulation 
( fi g. 3 d, e). 

 Fc � RI �  Protein Level 
 To investigate possible quantitative and qualitative 

differences regarding the Fc � RI �  protein, the cell lines 
were analysed before and after 24 h of IgE stimulation, 
using a radioimmunoassay (quantitative) and Western 
blot (qualitative). The results obtained by the radioim-
munoassay are shown in  fi gure 4 . After IgE stimulation, 
the Fc � RI �  protein level in LAD2 increased more than 

2-fold. In contrast, none of the KU812 clones displayed 
any signifi cant increase in Fc � RI �  protein. 

 The Western blot analysis of Fc � RI �  protein enabled 
us to distinguish between the extracellular 66-kDa pro-
tein and the intracellular 50-kDa Fc � RI �  protein  [19] . As 
seen in  fi gure 5 a, LAD2 was the only cell line with a de-
tectable 66-kDa protein (lanes 1 and 2). After 24 h of IgE 
stimulation, the intensity of the 66-kDa band increased 
as seen in lane 2 ( fi g. 5 b). These results are comparable 
with the fl ow-cytometric results. The 50-kDa protein was 
also increased in the LAD2 cells after IgE stimulation ( fi g. 
5 c); however, to a much lesser extent than the 66-kDa 
protein. All the KU812 clones expressed the 50-kDa pro-
tein, but IgE stimulation did not increase the Fc � RI �  pro-
tein level. 
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 IgE Protection of Fc � RI �  Protein Turnover 
 The stability of the Fc � RI �  protein from each cell line 

was tested. Fc � RI �  protein was obtained by lysing the 
cells, and the lysate was then incubated at 37   °   C with or 
without 1  � g/ml of IgE for 5 h and analysed quantita-
tively.  Figure 6 a shows the percentage of  � -chain unit left 
in the samples after incubation. The  � -chain unit in lysate 
from each cell line before incubation is given a value of 
100%. The largest reduction in Fc � RI �  protein was seen 
in LAD2 lysate, where the  � -chain unit level decreased 
from 100 to 0.57%. The  � -chain unit level decreased only 
to 10% when IgE was present. All the KU812 clones had 
a comparable pattern regarding the Fc � RI �  protein turn-

over. The 37   °   C incubation decreased the  � -chain unit 
level to 3–6%, and when IgE was present the  � -chain unit 
level only decreased to around 30%, suggesting a better 
protection of the Fc � RI �  protein than in LAD2 cells. 

 The Fc � RI �  protein turnover in LAD2 was further 
analysed by Western blot to examine any difference in 
stability between the 66- and the 50-kDa protein ( fi g. 6 b). 
We determined the ratio between the intensity of the 66- 
and 50-kDa protein (R66/50) and found a R66/50 value 
of 1.22 in untreated lysate, of 1.08 in 37   °   C-treated lysate 
and of 1.25 in 37   °   C-treated lysate with IgE. This indicates 
that the stability and IgE protection of the 66- and 50-kDa 
protein are comparable. 
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 Fc � RI � ,  �  and  �  T  mRNA Level 
 The Fc � RI � -,  � - and the truncated  �  T -chain mRNA 

were analysed using real-time PCR. The relative Fc � RI � , 
 �  and  �  T  mRNA levels in the fi ve cell lines before and 
after 24 h of IgE stimulation are shown in  fi gure 7 . Re-
garding Fc � RI �  mRNA expression, LAD2 cells were 
found to have a higher expression compared to KU812*, 
KU812E and KU812F. The difference between LAD2 
and KU812 was not signifi cant. 

 The  �  and  �  T  mRNA was found to be expressed at a 
very high level in LAD2 cells compared with all the 
KU812 clones. Especially KU812 had a very low  �  and 
 �  T  mRNA level (between 2  !  10 –4  and 7  !  10 –5  arbitrary 

units). However, a determination of the  � / �  T  ratio illus-
trated no difference in any of the cell clones, which were 
found to have a ratio  1 1 (between 1.01 and 2.80), illus-
trating more  �  than  �  T . Neither Fc � RI � ,  �  nor  �  T  mRNA 
levels were affected by IgE stimulation in any of the cell 
lines. 

 Discussion 

 The study of human mast cells and basophils has been 
hampered by the facts that mast cells are diffi cult to iso-
late and purify from tissue, and it is diffi cult to get pure 
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basophils in a substantial amount, even though they are 
found in the blood. Cell lines have therefore been a useful 
supplement in the study of these cell types. We have com-
pared two human cell lines, the recently established mast 
cell line LAD2 and the basophil cell line KU812. 

 LAD2 is reported to express Fc � RI  [9] ; however, the 
amount of Fc � RI and the number of positive cells is not 
described. We found that 74% of the LAD2 cells were 
Fc � RI positive with a geoMFI of 23. In comparison, only 
two of the four KU812 clones displayed Fc � RI, but they 
were still less positive than LAD2. The expression of 
Fc � RI on KU812 and/or KU812* is reported either by 
IgE binding or by the use of specifi c Fc � RI antibodies  [14, 
16, 20–23] . Nevertheless, one study shows that KU812 is 
without Fc � RI, but that IL-4 treatment is capable of in-
ducing Fc � RI expression  [12] . In a previous study, results 
of Fc � RI expression in KU812F agree with our results 
 [24] . KU812E has not been analysed for Fc � RI expres-
sion previously. 

 All Fc � RI-positive cells were capable of binding IgE 
and, with some variation, upregulating Fc � RI expression 
( fi g. 2 ). LAD2 had the highest Fc � RI expression during 
the 24-hour IgE stimulation and did not seem to decrease 
afterwards. The IgE-induced Fc � RI expression on KU812 
was not as impressive as the one found on LAD2 and it 
was slower. Furthermore, the results indicate that Fc � RI 
expression reached a plateau at 24 h, which we confi rmed 
performing a 14-day IgE incubation study (results not 
shown). This is contradictory to results obtained with pu-
rifi ed human basophils where Fc � RI expression increased 
over 7 days  [25] . The differences could be explained by 
the fact that KU812 divides every 24 h, and if the Fc � RI 
molecules are equally divided between the two daughter 
cells, as published for RBL-1 cells  [26] , the IgE-induced 
number of Fc � RI would be halved every 24 h. 

 The percentage of IgE-positive cells was equal between 
LAD2 and KU812 even though there was a 8-fold differ-
ence in Fc � RI expression, indicating that the difference 
in Fc � RI expression was not an effect of insuffi cient IgE 
binding. KU812* did also show some IgE-positive cells 
but minimal Fc � RI expression. The reason for the small 
IgE-induced change in Fc � RI expression could be that 
Fc � RI synthesis is very slow in KU812* cells, and even 
though IgE stabilizes and thereby prevents degradation 
of Fc � RI molecules on the cell surface, expression of new 
Fc � RI on the surface is slow on KU812* cells. Few IgE-
positive KU812E and KU812F cells were found despite 
the cells not displaying any Fc � RI expression, and the 
staining was therefore considered unspecifi c. 

 Interestingly, cells with a low Fc � RI expression 
(KU812E and KU812F) had the highest CD32 and 
CD203c expression. It has been described that cross-link-
ing of Fc � RI induces upregulation of CD203c  [27] . Sur-
prisingly, our results evidence that cells expressing Fc � RI 
(KU812) had the lowest, nearly undetectable level of 
CD203c, while cells with no detectable Fc � RI expression 
(KU812E and KU812F) expressed the highest level. Ad-
ditionally, KU812E and KU812F seem to be more IgG 
sensitive because of their high CD32 expression com-
pared to KU812 and KU812*, which in contrast appear 
more IgE sensitive. It is not known whether there is an 
association between CD32 and CD203c expression, but 
this distinctive receptor expression clearly demonstrates 
some difference in the four KU812 subclones that could 
refl ect different degrees of differentiation. 

 Functionality of Fc � RI was measured by anti-IgE-in-
duced changes in [Ca 2+ ] i . We did not examine the release 
of mediators such as histamine, because anti-IgE-trig-
gered histamine release did not appear in the KU812 
clones, even tough they contain histamine (results not 
shown). LAD2, KU812 and KU812* had a comparable 
rise in [Ca 2+ ] i , despite different Fc � RI expression. This 
illustrates that although KU812* nearly had an undetect-
able Fc � RI expression, the level of Fc � RI was high enough 
to obtain cross-linking and cell signalling. The [Ca 2+ ] i  pro-
fi le in the KU812 cells displayed more oscillations than 
those seen in the other cells. These oscillations could be 
due to a feed-back inhibition from the Ca 2+ -activated pro-
tein kinase C preventing the Ins(1,4,5)P3-induced Ca 2+  
release, as described in RBL-2H3 cells  [28, 29] . All re-
sponding cells had a lag period of about 30–50 s before 
the rise in Ca 2+  was observed. This may be explained by 
the diffusion time of the antibody or the time lag for the 
onset of the signalling events. Interestingly, we found that 
rabbit serum could change [Ca 2+ ] i  in all the cells, but the 
mechanism was not elucidated. 

 LAD2 was the only cell line which demonstrated an 
increase in the total Fc � RI protein amount after IgE 
stimulation. Western blot analysis further illustrated 
that this change in Fc � RI �  protein was in particularly 
due to an increase in the 66-kDa protein ( fi g. 5 ). It was 
possible to detect the 50-kDa protein in all the cell lines, 
indicating that the KU812 clones without detectable 
Fc � RI surface expression do possess Fc � RI protein. In 
the KU812 cell clones, the 50-kDa protein level was not 
affected by IgE stimulation, which is in comparison to 
results obtained with human basophils  [19] . However, 
the constitutive expression of the 50-kDa protein among 
the KU812 clones is in contrast to that in basophils, since 
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they loose their 50-kDa protein pool after 1 day of cul-
turing  [19] . The difference in the protein expression 
could be a result of human basophils having a higher 
turnover of Fc � RI. 

 The Fc � RI protein was analysed regarding its stability. 
LAD2 lysate had the lowest Fc � RI �  protein level and the 
poorest IgE protection, which could illustrate a more un-
stable Fc � RI protein in these cells. Previously, we have 
demonstrated that the instability in the Fc � RI �  protein 
in KU812 was not induced by proteases  [16] , but since 
protease inhibitors have not been tested on the LAD2 ly-
sate, except the ones in the lysis buffer, it is possible that 
some mast-cell-specifi c protease activity also could con-
tribute to the degradation seen in LAD2. Additionally, 
the difference in Fc � RI �  protein stability among the cell 
lines could also refl ect the difference in the loss of epi  -
 tope/ligand binding sites involved in CRA1 and/or IgE 
binding. 

 The 66- and 50-kDa protein stability was additionally 
examined in LAD2 using Western blot analysis, which 
revealed that there is no difference in the stability be-
tween the fully glycosylated surface 66-kDa Fc � RI pro-
tein or the intracellular pre-Golgi 55-kDa protein. Studies 
on the Fc � RI �  protein have demonstrated that glycosyl-
ation is not necessary for folding and IgE binding  [30] . 
According to our results, glycosylation is neither impor-
tant for the stability. 

 The IgE-induced upregulation of Fc � RI (surface and 
total protein) did not affect the mRNA level in any of the 
cell lines. These results are comparable with results ob-
tained in transfectants, mouse mast cells and human ba-
sophils  [31–33] . LAD2 and KU812 differed markedly in 
the surface and total protein expression of Fc � RI � , but 
the mRNA level did not differ signifi cantly. 

 Regarding the  � -chain mRNA expression, the KU812 
clones, especially KU812, had an interestingly low ex-

pression. This could indicate that the Fc � RI complexes 
on the cell surface of KU812 clones are expressed both as 
 ��  2  and as  ���  2 . The  �  T -chain is reported to prevent
Fc � RI surface expression in transfectants by inhibiting 
 � -chain maturation and competes with the classic  � -chain 
to control Fc � RI expression  [5] . We found that the  �  T -
chain mRNA expression was also low among the KU812 
clones. Therefore, the different Fc � RI expression found 
among these clones cannot be explained by  �  T . However, 
this does not necessarily mean that  �  T  does not affect
Fc � RI expression. The study by Donnadieu et al.  [5]  on 
 �  T  was done in  ��  T  �  2  transfectants, where there was no 
competition from the classic  � -chain, but because the cell 
lines have both  �  and  �  T , our results could simply be an 
effect of  �  overruling  �  T . This hypothesis is further sup-
ported by the  � / �  T  ratio, which was above unity in all the 
cell lines, illustrating a larger expression of  �  compared 
to  �  T . 

 We have analysed LAD2 and the four KU812 sub-
clones regarding their Fc � RI molecule. We found that 
LAD2 and two of the KU812 clones (KU812 and 
KU812*) express a functional Fc � RI protein, with ex-
pression and stabilization being inducible by IgE stimula-
tion. Especially LAD2 has a very dynamic Fc � RI expres-
sion that is rapidly increased by IgE compared to the 
KU812 clones. Furthermore, besides the expression of 
Fc � RI �  and  �  mRNA, which is expressed at a very high 
level in LAD2, all the cell lines express  �  T  mRNA. How-
ever, none of the cell lines analysed revealed Fc � RI ex-
pression, which appeared to be infl uenced by the  �  T  
chain. 

 We believe that these cell lines provide a new means 
for mast cell and basophil research concerning the Fc � RI 
molecule, and they present an important tool in the in-
vestigation and improvement of new therapeutic ap-
proaches of allergic diseases. 
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