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Letter to the Editor

Mast cell lines HMC-1 and LAD2 in comparison with
mature human skin mast cells — drastically reduced
levels of tryptase and chymase in mast cell lines
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Abstract: To circumvent the costly isolation procedure associated
with tissue mast cells (MC), two human MC lines, i.e. HMC-1
and LAD2, are frequently employed, but their relation to mature
MC is unknown. Here, we quantitatively assessed their expression
of MC markers in direct comparison to skin MC (sMC). sMC
expressed all lineage markers at highest and HMC-1 cells at lowest
levels. LAD2 cells expressed comparable high-affinity IgE

receptor o (FceRIo) and FeeRIy but less FceRIf than sMC and
displayed slightly reduced, but robust FceRI-mediated histamine
release. Only minor differences were found for total histamine

content and c-Kit expression. Huge, and to this level unexpected,
differences were found for MC tryptase and chymase, with

sMC >>> LAD2 > HMC-1. Taken together, HMC-1 cells
represent very immature malignantly transformed MC, whereas
LAD?2 cells can be considered intermediately differentiated.
Because of the minute levels of MC proteases, MC lines can serve
as surrogates of tissue MC to a limited degree only.
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Background

Mast cells (MC) are central effector cells of allergic reac-
tions and intimately involved in the defense against patho-
gens [summarized in (1-8)]. Because of the rarity of tissue
MC and the costly purification procedures, human MC
research mainly relies on either in vitro-generated MC or
MC lines. Two human MC lines have been established, i.e.
HMC-1 (9,10) and LAD2 (11). The cell lines have been
characterized one at a time, but their direct relation to nor-
mal human tissue MC has remained unknown. Neverthe-
less, both cell lines are extensively used as surrogates for
non-transformed primary human MC (12-24).

Questions addressed

To define the relationship of the two MC lines to their
skin-derived counterparts, gene and protein expression pat-
terns of typical lineage markers (FceRle, f, 7, hista-
mine/HDC, c-Kit, tryptase, chymase) were quantified in
HMC-1, LAD2 and skin MC in direct comparison. FceRI-
mediated histamine release was likewise studied.

Experimental design

MC purification from foreskin was achieved by magnetic
sorting of c-Kit-positive cells, giving rise to >95% MC

purity (25). Expression and function of typical lineage
markers were studied by quantitative RT-PCR, flow cytom-
etry, histamine-analyser, protease-activity tests, Immuno-
CAP™ and immunoblotting. The methods are described in
detail in the supplementary online material (appendix S1).

Results

The expression of the three chains forming the FceRI
receptor complex was first investigated. The o and y subun-
its were expressed at comparable levels in skin MC (sMC)
and LAD2 cells, but LAD2 cells displayed diminished f
chain expression (Fig. la). « and y were lowest in HMC-1
cells, while § was undetectable (Fig. 1a). By flow cytometry,
both LAD2 cells and sMC showed robust FceRIo cell sur-
face staining, whereas no expression was detected on
HMC-1 cells (Fig. 1b). We also studied whether the MC
subsets can be stimulated via the IgER to release histamine
and whether there are differences in spontaneous histamine
release. Both cell lines showed an enhanced spontaneous
histamine release, when compared with sMC (Fig. 1c). On
the other hand, histamine release mediated by the cross-
linking of FceRI was most pronounced in sMC followed by
LAD2 cells (Fig. 1c). No stimulation above the baseline
level was achieved in HMC-1, in line with the absent
expression of the FceRI complex. Substance P-mediated
histamine release was, however, substantially higher in
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Figure 1. Expression and function of the high affinity IgE receptor
FceRl by HMC-1, LAD 2 and skin MC in direct comparison (a) Expression
of the three subunits «, f and y forming the FceRI. Expression was
determined by gRT-PCR. Relative expression normalized to the
housekeeping gene p-actin is shown as the mean + SEM of 10 (cell
lines) and 16 skin MC) separate cell preparations. (b) Expression of FceRI
protein at the cell surface. Staining was performed with the anti-FceRlx
antibody 29C6 (grey line) and analysed by flow cytometry, the darker
line corresponds to the isotype control. Representative histogram
overlays from at least 10 individual experiments are shown. (c)
Spontaneous and FceRI-mediated histamine release from HMC-1, LAD 2
and skin MC. Cell lines were sensitized with IgE overnight, stimulation
was performed with anti-IgE for 30 min. Histamine release was
determined as described in Methods and calculated in % of total
histamine content. Spontaneous: without anti-Ig. Net FceRI-mediated:
Difference between IgE/anti-IgE and spontaneous histamine release.
Data are the mean + SEM from 8 (HMC-1), 18 (LAD 2) and 34 (skin
MC) individual experiments (cell preparations). * (P < 0.01), **

(P < 0.01), *** (P < 0.001) significantly lower than skin MC; #

(P < 0.05), ## (P < 0.01) significantly higher than sMC (Kruskal-Wallis
test in a, ANOVA in ¢).

LAD2 than in sMC (not shown). Total histamine content
was reduced in HMC-1 cells and slightly reduced in LAD2
cells compared to sMC, whereas expression of HDC (histi-
dine decarboxylase) transcript was comparable among cells
(Fig. S1). The stronger variation in histamine content ver-
sus HDC mRNA might be because of the higher spontane-
ous release of histamine in the cell lines. As expected,
expression of c-Kit (the most important receptor tyrosine
kinase of MC) was quite uniform among the cells (Fig. S2).
The results for tryptase and chymase, clearly the most spe-
cific MC markers (5,26), showed a very different picture,
however. qRT-PCR revealed low tryptase levels in both MC
lines when compared to sMC (around 6.4% in LAD2 and
0.6% in HMC-1 cells of the amount of sMC, Fig. 2a). The
level of tryptase protein, tested by two independent meth-
ods (ImmunoCAP™ and tryptase activity testing through

the cleavage of a specific substrate, respectively), was even
more drastically reduced in the cell lines (reduction down
to approximately 0.5-1% to the levels obtained with sMC,
Fig. 2b,c). The more pronounced difference at the protein
level may result, as in the case of histamine, from higher
spontaneous tryptase release. In accordance with the previ-
ous data (11,27), tryptase was clearly expressed in both cell
lines by flow cytometry, albeit with a lower mean fluores-
cence intensity than in sMC (Fig. S3a). Therefore, the cell
lines express tryptase, but flow cytometry is not adequate
to quantify intercellular differences; it can merely state that
expression of a marker is above the level of an isotype con-
trol antibody. The drastic difference in tryptase levels
among the MC subsets (as shown in Fig. 2) was further
confirmed by immunoblotting (Fig. S3b). As for tryptase,
chymase-specific mRNA was faintly expressed by LAD2
cells and absent from HMC-1 cells (Fig. 2d). By chymase
activity testing, the expression was below the detection
limit of the assay in HMC-1 and LAD2 cells (Fig. 2e). As
in the case of tryptase, we could, however, detect low level
chymase expression by flow cytometry in LAD2 cells (data
not shown), but none by immunoblot with this exposure
time (Fig. S3¢). Together, tryptase and chymase are
expressed at drastically reduced levels in the cell lines, and
this difference can only be uncovered by methods that give
truly quantitative results.

Conclusions

We report on the quantitative analysis of gene and protein
expression patterns of typical lineage markers in HMC-1,
LAD2 and sMC in direct comparison. As expected, HMC-
1 cells express low levels of most MC markers with the
exception of c-Kit and histamine. LAD2 cells express, in
addition to c-Kit and histamine, high levels of functional
IgER, although somewhat decreased versus skin MC. Both
HMC-1 and LAD2 display, however, drastically reduced
levels of tryptase and chymase compared to sMC, implying
that the selective induction of MC proteases forms a late
step in the differentiation process and is likely a hallmark
of MC maturity. Both cell lines have been shown to
express tryptase (11,27), so that the differences uncovered
here could by no means be expected. Based on our data
and the literature (e.g. 28), we suggest the following chro-
nological order of MC marker appearance in maturation:
c-kit-histamine/HDC-FceRIy—FceRIo—FceRIf—tryptase—chym-
ase (chymase only in MCpc type MC, such as sMC).
Together, our data show (i) that tryptase and chymase are
the most reliable markers of mature (skin) MC and dis-
played in minute amounts by MC lines; (ii) that it is the
dose rather than the presence or absence of a marker to
help define the maturation stage of MC (which cannot be
deduced from flow cytometric staining); (iii) that MC lines
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Figure 2. Drastic differences in the expression of total and active tryptase among MC subsets. (a) Expression of tryptase by quantitative RT-PCR.
Normalized data are shown as the mean = SEM of 10 (cell lines) and 16 (skin MC) separate samples. (b) Expression of tryptase protein by the
ImmunoCAP technique. Results are shown as pg/cell and are the mean + SEM of at least six cell preparations. (c) Tryptase activity in the different
MC subsets. Levels of active tryptase were determined by an enzyme activity test using a specific tryptase substrate. Data are shown as pg of active
tryptase per cell (determined relative to a standard curve with recombinant tryptase) and are the mean + SEM of at least eight individual cell
preparations. (d) Expression of chymase by quantitative RT-PCR. Normalized data are shown as in a. () Chymase activity in the different MC subsets.
Levels of active chymase were determined by an enzyme activity test using a specific chymase substrate. Data are shown as deltaOD/min and are the
mean + SEM of at least eight individual cell preparations. ** (P < 0.01); *** (P < 0.001) significantly lower than skin MC (Kruskal-Wallis a, d, e,
ANOVA b, o).
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Methods
Skin MC purification

For all experiments foreskin derived mast cells were used. The skin was obtained from
circumcisions, with informed consent of the patients and approval of the university ethical
committee. Additionally the application of human skin was conducted accordingly to the
Declaration of Helsinki Principles and was approved by Institutional Review Boards of the

Universitatsmedizin Charite of Berlin.

MC purification from human foreskin specimens was essentially as described (S1 /25). In
brief, skin was cut into strips and treated with dispase Type | (Roche Diagnostics, Mannheim,
Germany) at 0.5 mg/ml and 4°C overnight. After removal of the epidermis, the dermis was
chopped in small pieces and digested with collagenase at 1.0 mg/ml (Worthington,
Lakewood, NJ), for 1 h at 37 °C. Subsequently the liberated cells were separated from
remaining tissue by three steps of filtration (pore sizes 250, 100, and 40 um).

MC purification from the dispersates was achieved by positive selection using anti human c-
Kit microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany), and an Auto-MACS
separation device. MC purity in these preparations always exceeded 95%, as assessed by
acidic toluidine-blue staining (0.1% in 0.5 N HCI).

Skin MC were kept at 5x10°-1x10%/ml in basal Iscove’s Medium supplemented with 10%
FCS, 100 U/ml Penicillin, 100 pg/ml Streptomycin, 2 mM L-Glutamin, 0.002% alpha

Monothioglycerol (226.4 uM) for 1-2 d or lysed immediately for downstream applications

MC lines

The leukemic MC line HMC-1 was kindly provided by Dr. J.H Butterfield (S2). Cells were
cultured at 5x10°-1x10%ml using the same medium as for skin MC and fed three times a
week.

The LAD 2 MC line, established from a patient with MC sarcoma (S3) and kindly provided by
Dr. D. D. Metcalfe, was kept in Stem-Pro 34 SFM, supplemented with 100 U/ml Penicillin,
100 pg/ml Streptomycin, 2 mM L-glutamine and 100 ng/ml rhSCF (Cell Concepts/PeproTech
Hamburg, Germany). Cells were cultured at 5x10°-1x10%ml and were semi depleted once a

week.



Quantitative reverse transcription-PCR (qRT-PCR)
gRT-PCR was performed, essentially as described (S4). Briefly, total RNA was isolated using
the RNeasy Total RNA kit, digested with RNAse free DNAse (Qiagen, Hilden, Germany),
and PCR carried out with the LC Fast Start DNA Master SYBR Green kit (Roche
Applied Science) using cDNA from the different MC subsets. The primer pairs were as
follows.: R-actin sense 5 CTG GAA CGG TGA AGG TGA CA and antisense 5" AAG
GGA CTT CCT GTA ACA ATG CA; c-kit sense 5-CTA TGC TCT CGC ACC TTT CC
and antisense 5’- CAA TGA AGT GCC CCT GAA GT ; chymase sense 5 AAG GAG
AAA GCC AGC CTG ACC and antisense 5 TCC GAC CGT CCA TAG GAT ACG;
HDC sense: 5 AGC TGC CTG AGA GTG CTC CTG A and antisense 5 GCATTT TTG
CCA ACC AGT CCAT; FceRla sense 5 CTG TTC TTC GCT CCA GAT GGC GT and
antisense 5 TAC AGT AAT GTT GAG GGG CTC AG; FceRIp sense 5 GAT CAG GAT
GGT AAT TCC CGT T and antisense 5° GGA CAC AGA AAG TAA TAG GAG AG;
FceRly sense 5 CCA GCA GTG GTC TTG CTC TTA C and antisense 5 GCA TGC
AGG CAT ATG TGA TGC C; tryptase sense 5 GGA GCT GGA GGA GCT CGT GA
and antisense 5 ACC TGG GTA GGA AGC AGT GGT G. PCR was performed 40
cycles at 95° C for 20 s, 60° C (annealing temperature) for 4-5 s and 72° C for 8 s.
Quantification of cDNA samples was performed automatically with reference to a
standard curve. All values were normalized to the housekeeping gene B-actin. The
LightCycler device Type 1.5 was used and data analysis was carried out with the

LightCycler software 3.5.3 (Roche Molecular Biochemicals ).

Flow-cytometry

MC were washed twice in Ca*/Mg*-free PBS, blocked for 15 min at 4° C with human AB-
serum (Biotest, Dreieich, Germany) and thereafter incubated with either 5 ug/ml of mouse IgG1
anti-human CD117-PE (clone A3S6E2, Miltenyi Biotech) or 2.5 pg/ml of mouse IgG2b anti-
human FCeRIa-PE (clone AER-37, e-biosciences) for 30 min at 4°C. After two washes, cells
were analyzed by an EPICS XL flow cytometer (Coulter Electronics, Krefeld, Germany). For
negative control, cells were stained with the corresponding isotype control antibodies: 5
pg/ml mouse IgG1-PE (clone MOPC-21, BD Pharmingen) or 2.5 ug/ml mouse 1gG2b-PE
(clone eBMG2b, e-biosciences). For intracellular staining of Tryptase and Chymase cells
were fixated with 4% PFA (paraformaldehyde) for 30 min at RT and permeabilisied with 0,1%
saponine containing PBS thereafter. After blocking with 20 % human AB serum cells were
incubated with specific antibodies or isotyp controls for 30 minutes on ice The following
antibodies were used : Tryptase mouse IgG1 anti human Mc-tryptase ( 5ug/ml clon AAT1;

#MCA-1438; Serotech), Chymase: mouse IgG1 anti human chymase ( 5ug/ml clon B7;



#MAB1254; Chemicon). After washing the binding of primary antibodies was visualised with
a secondary, FITC conjugated goat (Fab) anti mouse IgG (H+L) antibody at 2ug/ml. .

Histamine content and release

Histamine release assays were performed as described elsewhere (S1, S5-6). In brief, MC
lines were loaded with 1pg/ml human IgE myeloma (Calbiochem/Merck, Darmstadt,
Germany) for 1h at, followed by two washes with PAG-CM in order to remove unbound IgE
[PAG-CM = Piperazine-N,N-bis[2-ethanesulfonic acid]-Albumin-Glucose buffer containing 3
mM CaCl, and 1.5 mM MgCl,, pH 7.4]. Cell suspensions were resuspended in PAG-CM,
divided into aliquots and challenged for 30 min at 37° C with anti-IgE (1:20,000) or kept in
PAG-CM for spontaneous release. Supernatants were stored at -20° C until measurement.
Total histamine content was assessed upon cell lysis with 1% perchloric acid and the
percentage of released histamine calculated accordingly. Histamine determination was
performed by an automated fluorescence method, using an autoanalyzer (Borgwald Technik,

Germany, Hamburg). All histamine determinations were performed in triplicates.

Total tryptase content by InmunoCAP™

The determination of total tryptase content was performed by the automated ImmunoCAP™
system (Phadia GmbH, Freiburg Germany). InmunoCAP™ is an automated ELISA
system, which can be used for determination of various parameters. Such as total
tryptase, total IgE or specific IgE, EC P etc. Samples are loaded to caps covered with
covalently bound antibodies which detect all pro forms of a- and R-tryptase as well as
mature active R-tryptase. The tryptase in the sample is bound to the immobilized
detection AB’s on the CAP’s and after washing a R-galactosidase linked antibody
against tryptase is added to form a complex. After incubation all unbound enzyme
linked anti tryptase antibody is washed away and the finally bound complex is
submitted to a developing agent (substrate). After stopping the reaction the
fluorescence of the eluate is measured. Quantification is performed referring to a 5
point calibration standard curve ranging between 1 and 200 ng/ml. Briefly, cells were
lysed in 0.02% Triton X-100 at 1.25x10%ml for HMC-1 and LAD 2 or 5x10*/ml for skin MC.
Samples were further diluted with ImmunoCAP™ dilution reagent to 5x10°/ml for HMC-1 and
LAD 2 and 2.5x10%/ml for skin MC and subsequently analyzed by the ImmunoCAP™ system
with reference to a standard curve.

Assessment of tryptase and chymase activity

For the determination of tryptase activity, cells were lysed in 0.02% Triton X-100 at
1.25x10°%/ml for HMC-1 and LAD 2 or 5x10*/ml for skin MC and 50 ul samples were analyzed
in triplicate, as described before (S7, S8).



In brief, enzyme activity was determined by cleavage of the peptides N-CBZ-Gly-Pro-Arg-
para-nitro-anilide for tryptase or N-succinyl-Ala-Ala-Pro-Phe-para-nitro-anilide for chymase
(each at 0.39 mM). To 50 pl of each sample, 150 ul of sample buffer (150 mM Tris pH 7.6
with 300 mM KCI) was added. To eliminate confounding enzyme activities, a-1 antitrypsin at
a final concentration of 2 mg/ml served to suppress trypsin-like proteases in the tryptase
assay, while aprotinin at 1 mg/ml was used as an inhibitor of Cathepsin G in the chymase
assay. The changes in optical density per minute, caused by the cleavage of the substrates
and release of para-nitro anilide, were monitored and recorded by measuring absorbance at
405 nm every 30 seconds. A standard curve of active recombinant human tryptase (Promega

GmbH, Mannheim, Germany) was used to quantify the levels active tryptase in the samples.

Immunoblot

Cells were lysed at 3x107/ml for primary MC and 1x107/ml for HMC-1 or LAD 2 using the NE-
PER nuclear and cytoplasmic extraction reagent (Pierce-Perbio, Bonn, Germany) and the
protocol provided by the manufacturer. Extraction buffers contained 0.5 mM PMSF and
complete protease inhibitor cocktail (Roche Diagnostics, Mannheim, Germany).

Protein concentrations were determined with the Coomassie plus protein determination kit
(Pierce). 20 ug of cytoplasmic protein were used per lane and resolved by SDS-4-20%
gradient gel PAGE. After electrophoresis, proteins were transferred to a PVDF membrane
using a wet blot transfer cell and stained with Ponceau S solution to verify equal protein
loadings. Membranes were blocked with 5% nonfat dried milk in PBS for 1.5 h, then probed
with either 0.1 pg/ml of mouse anti-human chymase (Clone CC1, Zytomed Systems GmbH,
Berlin Germany, Mob346) or 0.05 pg/ml of mouse anti-human tryptase (Clone G3,
Millipore/Chemicon; Mab 1222,) over night at 4° C. After extensive washing, blots were
incubated with goat-anti-mouse peroxidase conjugated secondary antibody (1:7.500,
Chemicon International, Hofheim/Ts., Germany) for 90 min at room temperature, washed
again, and signals detected with the ECL Plus Western Blotting detection reagents and
Hyperfilm ECL (GE-Healthcare, Munich, Germany).

Statistics
The statistical significance of differences between values (LAD2 cells and HMC-1 cells versus
skin MC) was assessed by one way ANOVA for unpaired samples or by Kruskal-Wallis test

(when data were not normally distributed). Statistical significance was assumed at p < 0.05.
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Supplementary Figure Legends

Supplementary Figure S$1

Expression of histidine decarboxylase (HDC) and histamine by HMC-1, LAD 2 and skin
MC

a) Expression of HDC, as determined by qRT-PCR. Relative expression levels

normalized to the housekeeping gene [3-actin are shown and are the mean +/- SEM

of 10 (cell lines) and 16 skin MC) separate cell preparations.



B) Histamine content in the three MC subsets, as determined by histamine analyzer.
The results are shown in pg/cell and are the mean +/- SEM of 20 separate cell
preparations.

*(p <0.05), ** (p < 0.01) significantly lower than in skin MC (Kruskal-Wallis test)

Supplementary Figure 2

Expression of the receptor tyrosine kinase c-kit by HMC-1, LAD 2 and skin MC

n) Expression of c-kit transcript by quantitative RT-PCR. Relative expression normalized
to the housekeeping gene R-actin is shown as the mean +/- SEM of 10 (cell lines) and
16 skin MC) separate cell preparations .

B) Expression of c-Kit protein at the cell surface. Staining was performed with the anti-c-
Kit antibody A3S6E2 (gray line) and analyzed by flow-cytometry, the darker line
corresponds to the isotype control. Representative histogram overlays of at least 8
individual experiments are shown. * (p < 0.05), significantly lower than skin MC
(Kruskal-Wallis test).

Supplementary Figure 3

Substantial differences in the expression of tryptase and chymase among MC subsets
which can barely been uncovered by flow-cytometry.
A) Expression of tryptase by flow-cytometry. Staining was performed with the anti-
Tryptase mAb AA1 (gray line) and analyzed by flow-cytometry, the darker line
corresponds to the isotype control. Representative histogram overlays of at least 8

individual experiments are shown.

B) Tryptase and C) Chymase expression by Western blot analysis. Adjacent lanes show

two separate preparations of each cell subset.
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	Skin MC purification
	Quantitative reverse transcription-PCR (qRT-PCR)
	qRT-PCR was performed, essentially as described (S4). Briefly, total RNA was isolated using the RNeasy Total RNA kit, digested with RNAse free DNAse (Qiagen, Hilden, Germany), and PCR carried out with the LC Fast Start DNA Master SYBR Green kit (Roche Applied Science) using cDNA from the different MC subsets. The primer pairs were as follows.: ß-actin  sense 5’ CTG GAA CGG TGA AGG TGA CA and antisense 5’ AAG GGA CTT CCT GTA ACA ATG CA; c-kit sense 5’-CTA TGC TCT CGC ACC TTT CC and antisense 5’- CAA TGA AGT GCC CCT GAA GT ; chymase sense 5’ AAG GAG AAA GCC AGC CTG ACC and antisense 5’ TCC GAC CGT CCA TAG GAT ACG; HDC sense: 5’ AGC TGC CTG AGA GTG CTC CTG A and antisense 5’ GCA TTT TTG CCA  ACC AGT CCA T; FcRI sense 5’ CTG TTC TTC GCT CCA GAT GGC GT and antisense 5’ TAC AGT AAT GTT GAG GGG CTC AG; FcRI sense 5’ GAT CAG GAT GGT AAT TCC CGT T and antisense 5’ GGA CAC AGA AAG TAA TAG GAG AG; FcRI sense 5’ CCA GCA GTG GTC TTG CTC TTA C and  antisense 5’ GCA TGC AGG CAT ATG TGA TGC C; tryptase sense 5’ GGA GCT GGA GGA GCT CGT GA and antisense 5’ ACC TGG GTA GGA AGC AGT GGT G. PCR was performed 40 cycles at 95° C for 20 s, 60° C (annealing temperature) for 4–5 s and 72° C for 8 s. Quantification of cDNA samples was performed automatically with reference to a standard curve. All values were normalized to the housekeeping gene -actin.  The LightCycler device Type 1.5 was used and data analysis was carried out with the LightCycler  software 3.5.3 (Roche Molecular Biochemicals ).
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