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Fig. 1. Induction of Histamine Synthesis and Tryplase Expression fn MC9 Cells by Co-culture with Swiss 3713 Fibroblasis

(A) [L-3-dependent bane murrow-derived enlturcd mast cells were co~cultured with Swiss 373 fibrabilasts in the presence of SCF for the periods indicuted. Expression
fevels of Gfil and GHilb were determined by immunoblot analyses. Expression levels of F-actin were measured o3 the loading controb. (B-I) MC%mock cells wese co-
cuftured with or without Swiss 373 fibroblasts in the prusenee of SCF (30ng/mb) for 1 or 2d. The cells were harvested and histamine content (B), HDC activity (C) and
wyptic activity (D) were measured, The values were represented as the meansit8.EM. (p=3), (E) Expression fevels of Gfil and Gfilb in the cells were determined by
immunoblot aualyses and densitometrically measured. Bxpression levels of Lyn were measuved as the foading control. The relative expression levels were presented as the

nenns S E M. (e=3Y The values * p<0.03 are regarded g significant by onc-way ANOVA with D

Mouse Gfil and Gfilb ¢DNAs were subcloned by reverse
transcription polymerase chain reaction (RT-PCR) using the
specific primer pairs. They were inserted in pLentié vecton
Recombinant lentiviruses were prepared using ViraPower
Lentiviral Expression Systern as described previpusly.'®

Cell Culture and Lentiviral Expression Connective
tissue type cultured mast cells derived from murine bone
marrow cells were prepared as described proviously.™ An
fE-3-dependent murine mast cell line, MC%, was grown in

mudtiple parisan test {vs. Day-03,

RPMI-1640 containing 0% heat inactivated fetal bovine
serum (FBS), 0.1 mM nonessential amino acid, 100 units/mL
penicillin, 0.1 mg/mL streptomycin, 50 v f-mercaptoethanol
and Pag/ml of IL-3 in fully humidificd 5% CO, atmosphere.
For lentiviral transduction, MCY cells were incubated in the
presence of the recombinant virus solutions containing 6 ag of
polybrenc for 24h at 37°C. The infected cells were then con-
cenfrated by selection with 2.5 sg/mL blasticidin 8.

Co-enlture of MOCY with Swiss 3T3 Cells Swiss 313
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Fip. 2. Effects of Stable Expression of Gitl and GIilb on Histamine Synthesis and Tryptase Expression in MC9 Cells
Expression of GITl and GHfib were enhanced in MC9 cclls using the recombinant lentivirus encoding Gl and Gfilb ¢DNA (Gfil, MCYGT and Giilh, MCY/GIith).

{A, B} Expression levels of Gfil and Gfilb were determinied by immunoblol analyses

ael densitometrically measured. Expression Tevels of feactin were measured as the

louding control. The relative expression levels were presented as the means=SEM. (=3}, The values *p<0,05 are regarded as significant by one-wiay ANOVA with Dan-
nett multiple comparison test s, mock). These cells weee charcterized by measuring histamine content {€), HDC activity {D) and tryptic activity (E). The values were

represeated as the weanstSEM, (r=3}

fibroblasts were sceded with 50% couflucncy in the same
medium without 1L-3, treated with 3 ge/mL mitomycin C for
34, and further incubated for 3h in the fresh medinm withount
mitomyein C. MC9 cells were seeded on this Swiss 3T3 cells
and co-cultured for 244 or 48h in the presence of SCF (30ng/
mL}).

Measerement of Histamine Content and vo-Histidine
Decarboxylase (HDC) Activity  MCY cells were lysed in
10my potassivm phosphate, pH 6.8, containing 10mm KCI,
L.5mam MgCli, Tmym ethylenediaminetetraacetic acid {EDTA),
I mm ethylene glycol bis(Z-aminoethyl ether)-N N N N'-tetra-
acetic acid (EGTA), 0.2mum dithiothreitol, 0.01 mm pyridosal
5-phosphate, 0.2muy phenylmethylsulfony! fluoride (PMSF),
0.1 mm benzamidine, 10 ug/mb aprotinin, 10 pgfmL leupeptin,
W ug/ml, B-64, | pg/mL pepstatin A and 0.1% Triton X-100,
and ncubated for 153min on ice. The lysate was centrifuged
at 10000Xg for [5min and the resuliant supernatant was sub-
jected to measurement of histamine content and HDC activity
as described previously.'®

Immunoblot Analysis MC9 cells were lysed in 20mm
Tris—HCI, pH 7.3, comtaining 2ms EGTA, Zmm EDTA, 1%

Triton X-100, 0.5% Na-deoxycholate, 0.1% sodium dodecyl
suffate (SDS), B.2mm PMSF, 10 ug/mi. aprotinin, and 10 pg/
mi. leupeptin, and incubated for 30min on ice. The kysate
was cenfrifuged at 10000Xg for I5min at 4°C. The resultant
supernatant was subjected to SDS-polyacrylamide gel elec-
trophoresis (PAGE). Immunoblot analysis was performed as
described previousty,”

Tryptic Activity Assay MC9 cells were lysed in PBS
containing 2m NaCl and 0.53% Triton X-100 for 30min on ice.
The lysate was centrifuged at 10000Xg fro 30min at 4°C. Ac-
tivity of tryptase in the lysate was measured uvsing S-2288 as
described previousty.?

RESULTS AND DISCUSSION

Inductinon of Tryplase and Histamine Synthesis in
MCG Cells Co-coltured with Swiss 3T3 Fibroblasts We
first confirmed the expression profiles of Gfil and Gfilh in
BMMCs during the co-culture period. The expression levels
of Gfi] were transiently Increased on Day-4, whereas those of
Gfilb diminished over time, indicating the dynamic changes
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Fig, 3. Effeot of Swiss 3T3 Co-culture on CTMC-Like Pheootype in MC9

Cells Transduced with Gfil and Gfilh

MC9 cells without or with lentivirally-transduced Gfil and GFilb gences (mock, MC%mock, Giil, MC/GHit, and Gfilb, MU9/GEilb) ware cultured with or without Swiss
3T cefls in the presence of SCF (30g/mi) for 2d. (A) Expression levels of Giil and GiElb in the cefls was determined by immuneblor analyses and densitometrically mea-
sured. The relative expression levels were presented as the means= 8. EM, (r=<3). The values * p<0.05 are regarded ay significant by one-way ANOVA with Tukey-Kramer
maltiple comparison test, Expression fevels of Lyn were measured as the loading control. These cells were characterized by measuring histamine content (B), HDC
autivity (C) and tryptic activity (D). The valnes were represeated as the meanstSEM. n=3), The values * p<0.05 and #p<0,05 ore regorded as significant by one-way

ANOVA with Tukey-Kramer multiple comparison test.

in expression of Gfil and Gfilb during the co-culture pe-
riod (Fig. 1A). Maturation of mast cells is usually evaluated
by their granule maturation, such as histamine storage and
mast cell-specific granule protease expression. Histamine
synthesis, which is mediated by i-histidine decarboxylase
(HDC), was induced by SCF in the presence or absence of
Swiss 3T3 fibroblasts (Figs. 1B, C), whereas tryptic activity
was sigonificantly augmented only in the presence of SCF and
Swiss 313 cells (Fig. 1D). Enzyme activities of chymase and
carboxypeptidase A were undetectable in MCY cells under all
conditions investigated (data pot shown). We then investigated
the expression profiles of Gfil and Gfilb in MC%mock cells.
Since tyrosine kinase, Lyn, is not expressed in Swiss 373 cefls
(data not shown), the amount of Lyn was measured as the
loading control. We also confirmed that Gfil and Gfilb were
not expressed in Swiss 3T3 cells (data not shown}). MC%mock
cells expressed both Gfil and Gfilb under steady state condi-
tions. SCF alone did not affect the expression levels of Gfil
bat down-regulated GFilb (Fig. 1E). Co-culture with Swiss
313 cells transiently down-regulated Gfil and abolished the
expression of Gfilb on Day-2. These results suggest that his-
tamine synthesis should be independent of the expression Gfil
and induction of tryptic activity may be prevented by Gfilb,
Effect of Stable Expression of Gfil and Gfilb in MC?
Cells  We then investigated the effects of stable expression of
Gl and Gfilb, which was performed using the recombinant
lentivirus, on fryptase expression and histamine synthesis.
We confirmed that the lentivirally-transduced genes were ex-
pressed in MC9 cells by immunoblot analysis (Figs. 2A, B
The amount of Gfil was not significantly changed in the cells
with the transgenes, whereas that of Gfilb was increased in

the cells expressing the exogenous Gfilb transgene. It might
be vnlikely that lentiviral expression of Gfil was unssccess-
ful in this system because the expression levels of Gfil were
significantly higher in the cells harboring the transgene under
the co-culture condition (Fig. 3A). Gfil and Gfilb were found
to repress their own transcription and Gfilb was reported
fo repress Gfil transcription in T cells.” ™ Exogenously-
transduced Gfil and Gfilb proteins may regulate the endo-
genous expression of Gfil and Gfilb. We then investigated
histamine synthesis and {ryptase expression in these cells with
the transgenes and found no significant changes (Figs. 2C~F),
indicating that augmented expression of Gfilb alone could not
affect histamine synthesis and tryptase expression.

Effects of Stable Expression of Gfil and Gfilb in MC9
Cells during the Co-culture Peried SCF and co-culture
with Swiss 3T3 cells were found o affect the expression levels
of Gfil and Gfilb (Fig. 1E), raising the possibility that stable
expression of Gfil and Gfilb may alter the phenotypic chang-
es observed during the co-culture period. Forced expression of
Gfil resulted in enhancement of total Gfil expression in MC9
cells in the presence or absence of Swiss 3T3 cells (Fig. 3A).
On the other hand, forced expression of Gfilb augmented total
expression of Gfilb. The profiles of histamine content under
three different culture conditions were not affected by the
transgenes (Fig. 3B), whercas HDC activity was significantly
up-regulated in the cells expressing the Gfilb transgene in
the presence of Swiss 313 cells, indicating the positive roles
of Gfilb in gene expression of HDC (Fig. 3C). Relationship
between tryptase expression and GIl/Gfilb expression was
found to be more complicated. Induction of tryptase expres-
sion during the co~culture period was significantly suppressed
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in both kinds of MCY cells expressing the Gfil transgene
and the Gfilb transgene (Fig. 3D), indicating that one-sided
expression of Gfil/Gfilb suppressed the induction of iryptase.
In accord with this hypothesis, comparable expression of Gfil
and Gfitb, which was observed in MC9 cells expressing the
Gfilb transgene in the presence of SCF alone and in MC9
cells expressing the mock transgene co-cultured with Swiss
3T3 cells, did not prevent the induction of tryptase.

Gfil and Gfilb are involved in regulation of growth and
differentiation of various hematopoietic lineages, such as B
cells, T cells, neutrophils, dendritic cells, macrophages, snd
erythrocytes. Here we add mast cells in this list. Gfil and
Gfilb have been identified as tramscription repressors. For
instance, in neutrophils, Gfil represses transcription of neu-
trophil elasiase-2 (ELA2), and matrix metalloproteinase-8
(MMPS) by binding to their promoter regions.'***?" Since we
previously demonstrated that activated murine neutrophils ex-
press HDC,? it is possible that Gfil controls gene expression
of HDC in newtrophils. Gfil and Gfilb were found to share
with the same consensus DNA sequence, which consists of
12-base-pairs TAAATCAC(A/TYGCA with a absolute require-
ment of AATC.2? The possible candidate sites for Gfil/
Gfilb binding were found in 5-upstream region of the Hdc
gene and the Mcpi6 gene, which encodes a fryptase, mouse
mast cell protease-6; —123 (5-CAAATCAGAAAG-3") and
—861 (5-GAAATCATATTC-3") from the transcription initia-
tion site of the Hedc gene, and —114 (5TAA ATCACTATT-3")
and —998 (5-AAAATCAACTGA-3") from that of the Mcpi6
gene. Gfil and Gfilb may bind to these sites and modulate the
transcription of the Hdc and Mcp6 gene.

Gfil was found to ephaance STAT3-medisted signaling
in T cells by directly interacting with PAIS3, which is an
inhibitor of STAT3.2? In mast cells, PLAS3 was reported to
interact with a transcription factor MITF and to suppress its
functions.”®?® Since MITF is one of the primary regulators
of mast cell differentiation and regulates expression of gran-
ule proteases including tryptases,”™ modulation of tryptase
expression through Gfilb may involve MITF in MC9 cells. in
summary, we demonstrated that both Gfil and Gfilb might
be involved in the process of maturation of murine mast cells.
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