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A Model Culture System for Cutaneous Mast Cells
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Mast cells originate from hematopoietic stem cells and undergo terminal differentiation in the tissues, in which they
are ultimately resident. Heterogeneity of tissue mast cells is, therefore, one of the key concepts for a better understand-
ing of immune modulation by mast cells. Since no appropriate culture model has been developed for tissue mature mast
cells, it was difficult to investigate the tissue-specific functions of mast cells. We established a novel cutaneous mast cell
model by modifying the previously reported co-culture system with fibroblastic cell line. This model shares many charac-
teristics with cutaneous mast cells, such as staining properties, sensitivity to cationic secretagogues, and higher levels of
granule histamine and proteases. We extracted the candidate genes that should regulate differentiation and functions of
mast cells by analyses of the gene expression profiles during the co-culture period. We further investigated the functions
of cluster of differentiation 44 (CD44), which is the primary receptor of hyaluronan in mast cells, since CD44 was up-
regulated during the co-culture period. Fluorescence study revealed that mast cells expressing CD44 were bound to the
extracellular matrix containing hyaluronan and lack of CD44 impaired proliferation of the co-cultured mast cells. In the
CD44~/~ mice, the number of cutaneous mast cells was significantly decreased. Reconstitution analyses with the mast
cell deficient strain revealed that CD44 expressed in mast cells should be required in the proliferation in the cutaneous tis-
sues. In the next phase of mast cell research, it might become increasingly important to focus on the heterogeneity of tis-

sue mast cells.
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Fig. 1. Differentiation of Mast Cells

Mast cells are the progeny of hematopoietic stem cells. Since mast cells
are not detected in the circulation, it is believed that mast cell-committed pro-
genitor cells are liberated from the bone marrow and that terminal differenti-
ation of mast cells should occur in the tissues, in which they are ultimately
resident. Tissue mast cells, therefore, exhibit diverse phenotypes that reflect
their microenvironment.
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Fig. 2. Tissue Mast Cells Play Critical Roles as the Local Sensors Both in Modulation of Immune Responses and in Maintenance of

Local Homeostasis

Mast cells express a wide variety of surface receptors for a diverse array of the environmental factors described. Mast cells have a potential to produce various
mediators in response to these environmental stimuli. It depends on the tissue distribution of mast cells which kinds of receptor combination are expressed and which
kinds of mediators are released in response to the microenvironmental factors. Tissue mast cells should contribute to modulation of local immune responses and to

maintenance of local homeostasis.
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Fig. 3. Primary Culture Models for Mast Cells

IL-3 dependent bone marrow-derived cultured mast cells (BMMCs),
which are the immature mast cell model, can be obtained by prolonged cul-
ture of murine bone marrow cells in the presence of IL-3. Further culture of
BMMCs in the presence of combinations of several cytokines provides with
more mature mast cell models. Tissue mast cells can be largely classified into
two categories: one is mucosal type mast cells, which mainly contains chon-
droitin sulfate and low levels of granule histamine, and favors leukotriene C,4
production, and the other is connective tissue type mast cells, which contains
heparan sulfate and favors prostaglandin D, production. It should be noted
that CTMC (connective tissue type mast cell)-like MC has potentials to
respond to various secretagogues, such as compound 48/80 and neuropep-
tides in addition to IgE-mediated antigen stimulation.
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Fig. 4. CTMC-like MC Model

total 1315

CTMC-like MCs can be obtained by prolonged co-culture of BMMCs with Swiss 3T3 fibroblasts in the presence of stem cell factor. A) Co-cultured mast cells
were stained by the Alcian blue/Safranin-O staining. The number of Safranin-positive mast cells (indicated by the arrows) was gradually increased during the co-
culture period. B) The gene expression profile of the cultured mast cells during the co-culture period was determined by microarray analyses. The number of genes,
of which expression levels were changed greater than 2-fold during the co-cultured period, was 1315. The extracted genes were classified into ten clusters based on the

expression patterns.
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A, B) BMMCs were implanted in the cutaneous tissues or peritoneal cavity of W/W" mice, which genetically lack tissue mast cells, and the number of mast
cells was determined by the acidic Toluidine blue staining. Five weeks after the initial implantation, similar numbers of mast cells were found in the cutaneous tissues
and peritoneal cavity (inset) both in the mice implanted with the wild type BMMCs and in those with the CD44-/~ BMMCs. Ten weeks after the implantation, the
number of mast cells was significantly increased in the cutaneous tissues implanted with the wild type BMMCs, not in those with CD44~/~ BMMCs. C) Induction of
CD44 during the co-culture period might enhance hyaluronan binding to CD44, which promotes the surface CD44 clustering and augments c-kit-mediated prolifera-

tion of cultured mast cells.
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#ATIE, CD44 75 Rac DIEMHLEET I EZ2EU
T, SCFIZ&B X ML DHEIEZRILL TH 5
DOMNH LN,

L7l O EBIZ KD CD44 DIEMALIE, U >R
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CLUTHEETAE Y VO VBOSFRICE S THE
ET 252 ENAENTNS, 19 SEkaat LUzt
RTCRERESTOET VO VENREELTEEINT
WBZEEERLTVWDN, KT, HhoWiEAY
IX—0 7)) O PR AT A Mg OiaEz &
DEDITHIET 2NMIRNHATH S, RIERFT 5
FRITREeET N O BEOSR, SRR AFI VD
WEZ->THD, T 5613 CD44 24 U T AU
DINEIHEEZBEZTWS, EHYIIRFOLD R
PBPESRAE R B DA, IEORIEIIE< A b
RN EFET D 2 EMENTVWSR, Z5 L7
RS A F Iy e 7)o BR#NET T
WBETHH 5. BIERERECEE ORALTRICH
5 A SR O fliE &2 17 S A & LT CD44
MHERET S HREME B E A 5N 5.

5. BHYIC
BROWMFETFIEDOFZITHEN, kARSI NTE
A MR OMEE S R &2 EE I, BT L
JVF =0 A BB N A T, HORBERED
SR BIAREE(CAE, FEROME R & W o T bk & TR R R
BT 27 A Ml EMEHS N TWS, B
W7z L9512, 9 LRBOWETZMIHT 572
DITIE, &% ORETALIC BT 2~ A S fE O FEEE
AT DHENDH D, LrLRENS, FFIDOT X
AL R R 7R M AR 1T BE 9 S M h & o 72 iE
DTHO, LVEKNOYZ MIBIIEWET ILEE
BROWHMNEFEINTND, £/, REGALICHE
£T 52 MIBIZEUOBREOFEEZITT,
SICREAWEZRDHEMAN AL TS EN
DHREME D H D, T<mbWmE SNk, HEOT R
Ml E AT A S B—H{ila L X)L TE v 7 7 v
7 UNRERNEE TR Z1TS SWo 7 O —FId,
WAETFIETH D, WEAMMITB TS X Ml
BRREMEBHIC DI B RAR E T A 5. 19 ¥ X Mgl
Fex s dE, EHIRFICBITSED 2L —F—Th
D, YA MilMOEREZEN S LZEELIINE
TIIBHBEE<HEIN TS, ABTREZ RN
KD H =7~ A MRRZED, RIEROH =728
HObE M 2E2HEOLTIEE2MELTNS,
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