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Characterization of label-retaining cells to explore the pulmonary
adult tissue stem cells in mice

Tetsu Nishiwaki and Kouji Matsushima

Department of Moleeular Preventive Medieine, School of Medicine, University of Tokyo

Recent advances in regenerative medicine have served to resolve various types of refractory diseases.
In the field of pulmonary medicine, the regenerative study has seemed to be retarded likely because of the
complicated anatomy of the lung. The research and development of stem cell based therapy using potent
cell sources such as embryonic stem cells, induced pluripotent stem cells or mesenchymal stem cells has
been one of the central themes, whereas the study of the adult tissue stem cells is considered to be essential
to clarify the mechanism of organ development, tissue repair or oncogenesis and to be as an academic basis
of this field of the study.

Tissue stem cells are believed to play a central role in postnatal development, homeostasis or tissue
regeneration. Although several candidates of epithelial or mesenchymal stem cells have been identified, an
overview of lung tissue stem cells and the relationships with pathogenesis remain to be elucidated.

Analyzing the cells long-term retaining bromodeoxyuridine (BrdU) or 'H-thymidine is one of the
promising methods to detect the slow cycling cells as tissue stem cell candidates. Some previous reports
applied this technique in adult mice and demonstrated the region-specific candidates of tissue stem cells,
whilst there is no paper describing the pulmonary label-retaining cells by using neonatal labeling protocol,
which has been used in the study of skin or renal tissue stem cells.

Here we firstly applied the neonatal labeling method to detect the tissue stem cell candidate of the lung.
Several cellular characteristics of these cells are demonstrated in this report.
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[A8) Y HEiflEET L CIEMIZI51T 5 ApoE mRNA BBLAISL T h, ApoE X~ &
TIY, RAEHER AT 5 2 LA MSERE L. AR, WIECEYS T2 ApE T4 ¥V 74—
LEWET 5 HIT, ApoE K= AlZ%t+ 5, ApoE2, E3, E4liA DM 2 i L7z,

[J5i£] ApoE Z&dfl= 17 A (Al : B6KOR-Apoe™) (=X L, PBS, ApoE2, E3, E4 &%V NIZ T 5
LA U AEARLI4BA®RICARITL. > bo—Lifids ) 2§l i L 72 C57/BL6j (C
BE) & v,

[RENE] S ) 4 Az L, ARETIL, CBEL 1 LT BALF&RHERN YL, 23R, U IR, w7/ 7 7 —
CEAATER I MY LT, ABEIC KT S ApoE2 TR 5T, RMIAK, ~ 27 e 77y —YHIT,
A FEIZ M1 L7245, ApoE3, ApoEd DN HLITFEM fe o T, IFPERE, U > /SER¥IC 1L ApoE2,
ApoE3, ApoE4 & LT e B A RIEF& el - S MiRadedpiich oo, 1L-12 pdo, IL- 1 afit
IEARE L CREL THEMBBO AR oM, ARFCHT 2 ApoE2 B2 5-C, PBSHIHR GHHITHL
THEH S,

[iwa] VU A il #ica3 T, ApoE 7 A ¥ 74 —AD R Th, ApoE2 S MiRifT O~ 7 o0 7 7 —
CIRFILRIET B A5, WA bAoA I L. ERRTORIBIC—EDRRE R LT
WH o EavrmEh N, FOERIOVWTEHESLAIBNFALETHD.

Effect of ApoE Isoforms on Silica-induced Lung Injury in
Apolipoprotein E-deficient Mice

Hiroyuki Nagase, Yasuhiro Kojima, Maho Suzukawa, Asae Hara,

Hisanao Yoshihara, Hirofumi Ishida, Naohito Suzuki, and Ken Ohta

Depariment of Medicimne. Teikvo University School of Medicine, Tokyo, Japan

[Background] We previously reported that ApoE mRNA expression is up-regulated in lungs of silica-
induced lung injury model and accumulation of inflammatory cell in bronchoalveolar lavage fluid (BALF)
is diminished in ApoE-deficient mice. In this study, to identify which isoform of ApoE have functional role,
we investigated the effect of supplementation of ApoE2, ApoE3, and ApoE4 to ApoE-deficient mice.

[Methods] We administered ApoE2, ApoE3, or ApoE4 intratracheally to six weeks old male ApoE-
deficient B6.KOR-Apoe™ mice and in the next day. silica was administrated intranasally. Fourteen days
after silica administration, bronchoalveolar lavage was performed and cell counts, the concentrations of
cvtokines were determined by using Luminex system.

[Results] As compared to wild-type C57/BL6) mice, total cell counts, the number of neutrophils,
lymphocytes and macrophages in bronchoalveolar lavage fluid (BALF) were significantly decreased in
ApoE-deficient mice after silica administration, Supplementation of ApoE2 to ApoE-deficient mice partially
but significantly recovered the number of BALF macrophages, but ApoE3 and ApoE4 had no significant
effects. Although the concentrations of 1L-12 p40, IL-1a in BALF were not significantly different between
wild-type and ApoE-deficient mice, supplementation of ApoE2 to ApoE-deficient mice significantly
suppressed the concentrations of BALF IL-12 p40 and IL- 1.

[Conclusions] Among three ApoE isoforms, only ApoE2 could partially recover the number of BALF
macrophages in ApoE deficient mice. In contrast. the levels of BALF cytokines were suppressed by ApokE2
supplementation. Although the potential roles of ApoE2 in lung inflammation was suggested, the precise
mechanisms should be further clarified.
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£ R X AW, 351 O%RT 5 Bk
CMET A TR CERESRTETWAD, £0
TEHERRR I 7E BRI L Tuniens, MHEEEE T
v AMBEETFALERWERET, Y hick
AMEEICBWTIE, 7THYHEHE (ApoE) AV 5
BT A - LA CDNAT LA W THEMZL
7=, &7z, ApoEXRiHl~ w7 ATHL, RACHIIEE A
Mg 5 = LAWY L7, ApoEIZiX, ApoE2,
E3, BADT A Y 74 —L0Hh5HH, KIELL MNEC
P54 5 ApoE T A Y 74— LEEETH HMT,
ApoE Zdll= 177 Z|Zx1 %, ApoE2, E3, E4#fifE %)
RamatLr.

h &

@ U il

6 i fiifi 0> CSTBL/6 & = 7 A B 1F, ApoE K fil~ =
AT % B6.KOR-Apoe™ ¥ 17 A (Japan SLC) 2 HlL»
f=. BT BEDOKOR~ 2 20O T, EHHOR
W ARRREIN, FOREA7RERMI-ZLS
FASSIE WM IRIUAE THD Z LW B AL /20, SHL
(Spontaneously Hyperlipidemic mouse)~ 7 A & i 4,
A 7s. B6.KOR-Apoe™ + 7 A%, SHL~ W A L
CSIBLI6 v 7 AD Rl Z#H VKL TH L3~
Vx=wu 2w ATHY, SHL= 2 ZDOM{=0YF
BE0.02% 0L F & STV A B6.KOR-Apoe® <
% A CE, 8-SIMMIcEWVT, BaLAFa—nL
filiA%, 350-480 mg/dL, PEERRIAMEAS, 140-230 mg/
dL & @l MEZ R+ A L &N TS, Y hH
(A E B JAWEAS 1/ EREEERE P AT L, ALA
(EREBUENE RS . M), ZER ek C el %,
ultrasonicate L 7= #, 024 v /-,
@ iE 7o han

B6.KOR-Apoe™ 17 Z{Z%F L, 50 ul®PBS =i
Mg L7=, 30 ng® ApoE2, E3, E4, 7211 PBS # &i¥
MIZEATHS L, B 16 mgd L ) ki HifEld
WL 14 0T L7, CSTBL6= 7 A2 16 mg
DU AR A RELAAL 14 BEICHRITL .

RN PR EE R « 7 LA X -
T OEASEMSERIC M S WAL SN D

T 2 LT, AR Ml (BALF) @
Mitas%, MY, BALFYA bhA L« IrED
A BEXBRILEZ. BALIE, ~7 2ADRENIC
BCOH=a—LEFAL, EFRARIK0T ml &k
A, FILFHZ L A2#DIELS ml?BALF 1
L=, 0%riEfe, MRk L7z Bl id Freeze dry J0LJH
#IT -80°C THAFL, MUEBFIZ 10T S 25 L
942, PBS THEAR L7=. BALFHY A bliA o &
Eh A P, Mouse Cytokine 17-Plex Panel Kit
(BIO-RAD, Hercules, USA)Z L, di e~ A 7 o 15—
AT A AT LTS Luminex (Hitachi, Tokyo)
TillliE L, G-CSF, GM-CSF, TNF-a, IL-1a, IL-1.
IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-17, monocyte
chemotactic protein (MCP-1), macrophage inflammatory
protein-1a (MIP-1a), MIP-1 B, RANTES, keratinocyte
chemoattractant (KC)® 17 % — 4 o JIE % J

L7z. & =% v Mokt 28 R0 —Hdikizi,
#—4 ey PEIZ R 5 HOCHREE THEM S 72 17 Bl
HoOr—XHEGLTEY, E4F-#0HRN
Tk, AL FTEZ-PETY—45 v FOHR
KA R L7, 4 7b 5, Freeze dry # ) BALF |-
W50 pl & E—XEE—WHik L 30 aRICEE, &
e AR L 30508, S HICTERE, AL
TP EY-PE & 1057 S, Luminex™ Tl
ELE.
@ Wit CSTBL/G6~ 7 AL 1F, B6.KOR-Apoe™ +
7 ACEBT AT, Student OURRIETITo 7
(1), ZREM O H#21L, one-way ANOVA R IE A 1T1y,
fiEe@ni-mea, MO % Tukey-Kramer
) HSD B iE 22 AV TRl L 7= (112, 3).

® =R

Uhpizat L, ApoEXHl~= 7 AR TIE, ¥
RO CSTBLI6 = 7 AR & He L T BALF MR #45
fi iz dedno fo (1), MBS & L TlE, f1 ek,
Ynlk, w27 y—=VB0EECMPLTHE
().

iz, ApoE 2 ftl= 7 A (2 ApoE2, ApoE3. ApoE4
ZHIFEL, WD ApoET A VT o — LAVRAEM
bt R R B /BT 1 o f I sl e D7 i 8 ]
{2, BALF#2Hila%E, ApoE3, B4 OMiATIL, 4
FhBAGED Rt 08, ApoE2 & 4life+ 5 &,
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ETaZ LAHLMIENT. 56, 22, MEEEERICERESBHHEDRZA PPy r2va
AR, ZOMMNALBEREBRNT SR, ¥4 FPy 22 a Ly OERIRRR S
Tdh Hclaudin RIS, MRFTT A7 AOMTYO LB TS0& kT L7, claudin
family & L Tclaudin—1 72 & claudin24 £ C24DT A Y ¥ A THMENTWAHY, /—HF Ty
Pz LARRHTIC LY, ERMIZEVTclaudin=5 & claudin-18 23l BB I TWAH Z EA#WIEL
Fo. SesEyufa s L AHMEBORE, MRS O EMNENEHRIZ I claudin-5 BBBL T, i
B - He Iz (2 claudin- I8 AL L TWAH Z L A6 Ui, Wiz, Fud~oA o oMk
Hlz ko gl &&= ahfv 7 AWEEEHET N Celawdin OBBOELERIM Lz, FLad~A
%, clandin-5 (TRMEM L 0, claudin- 1R [XWAEMIIZd5WV T # o387 LUk, mRNA bk
Ol i TRBOME FARD . inviro DEB T, MIEBOMMELO EELMHMK F-THE T
AT o — 1 2 WK B (Transforming growth fact-p:TGF-p)1d, LEGHIMTIE, 24 FPiv
o armiifla-SMAOBI, Ei, SEEFHRE~OBEECLHERL, LM
(Epithelial-mesenchymal transition : EMT) & & = Lz L &2 iz, ), MNEMNE T claudin-5
ORBAICT I ZhooOESRRESE, MR LMl - NEflaom oz 4 Iy
g VBRI ISR, MR O3 Y T AR LR ek A ek 2 ol e Rk A fS i S
LOTHY, e, LHLNETLEOY A FPyry vra OB {ERTGR-BOERIZ L 0 & x
TWHZ LZETrT5L0OTHS.

Transforming growth factor-p induced altered expression of tight
junction molecules in alveolar septa, during lung injury.

Hiromitsu Ohta. Masahito Ebina, Nao Hirota, Manabu Ono,

Yoichiro Mitsuishi, Sinnya Oukouchi, Syuu Hisata, and Toshihiro Nukiwa

Department of Respiratory Medicine, Tohoku University Graduate School of Medicine, Sendai 980-8574, Japan

While dysfunction of alveolar barriers is a critical factor in the development of lung injury and
subsequent fibrosis. the molecular mechanisms underlying this dysfunction remain poorly understood. To
clarify the pathogenic roles of tight junctions in lung injury, we examined the altered expression of claudins,
the major components of tight junctions, in the lungs of disease models and in those of patients with
pulmonary fibrosis. Among the 24 claudins. claudin-5 and - 18 were identified as the major components of
alveolar tight junctions; these claudins were expressed in endothelial cells and in alveolar epithelial cells,
respectively. In bleomycin-induced lung injury, the levels of claudin-5 and claudin- 1 8 expression decreased,
and the integrity of epithelial tight junctions was disturbed in the fibrotic lesions. Attenuated claudin-5 and
claudin- 18 expression were observed in the lungs of patients with pulmonary fibrosis. Transforming growth
factor-[} (TGF-[3), a critical mediator of pulmonary fibrosis, was up-regulated after bleomycin-induced
lung injury. In cultured cells, the addition of TGF- decreased the expression of claudin-5 in endothelial
cells (HUVEC), and disrupted tight junctions in epithelial cells (A549). These results suggest that TGF-f
may play a pivotal role in the disruption of epithelial and endothelial tight junctions through modified
expression of claudins and contribute to dysfunction of alveolar barrier during lung injury.
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