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Epithelial cells, generally displaying cell polarity, are considered to be good targets for gene therapy because of their
distribution of enormous surface area of various tissues and organs in animal bodies. Polarized epithelial cells possess
two functionally and compositionally distinct cell surface domains that are separated from each other by tight junctions.
They play fundamental roles in the specialized vectorial transport and secretion of proteins in tissue and organs.

Newly synthesized domain-specific membrane proteins are conveyed through the endoplasmic reticulum (ER)-Golgi
apparatus to the trans-Golgi network (TGN), and packaged into transport carriers for membrane integration. The
destination of the membrane proteins seems to be determined by interrelation between some signal sequences on the
protein and various cellular components playing roles in sorting and trafficking. Secretory proteins are also considered
to be transported in the same manner as the membrane proteins. In spite of many investigations of the issue, the
mechanisms regulating apical or basolateral sorting of secretory proteins remain elusive.

The green fluorescent protein (GFP) of the jellyfish Aequorea victoria and its variants are widely used in cell imaging
applications to reveal the location of proteins. Results from those applications are providing new insights into protein
function and cellular processes in the complex environment of the cell. The GFP-tagging technology is useful for directly
investigating the intracellular localization, movement and fate of secretory proteins of interest in living cells.

We have recently examined the mode of secretion polarity of interferon (IFN)-f expressed exogenously in several
epithelial cell lines. The secretion of constitutive IFN-B from the stable transformants was apparently unpolarized.
Meanwhile, intriguingly, IFN-B transiently expressed by gene transfection was predominantly secreted from the cell
membrane side to which the transfection or the induction was carried out. In this study, we have investigated the
subcellular localization of the cytokine using GFP-tagged IFN-B under confocal laser scanning microscopy (CLSM). Our
results suggested that IFNs expressed stably and transiently are transported via different post-TGN vesicles. The
same secretory protein, at least as far as IFN is concerned, can be sorted to the apical or basolateral membrane side

depending on the gene expression strategy, which deems to be regulated at the post-TGN stages.
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Fig. 1 Secretion polarity of stably or transiently expressed hu-
man IFN-B in Pam-T and MDCK cells. Cells were culture
on Transwell for 5 days. In transient expression experi-
ments, human IFN- gene was transfected onto apical or
basal side. Open bars and gray bars showed human IFN
activities in Pam-T and MDCK cells, respectively. The val-

ues represent the mean of three determinations with S.D.

2. B®

2.1 EBMIFN-BEGFP ED@EZ>/N7E (HulFN
B-GFP) RBENY 2 —DIER
t b IFN-B #fz 1% 32— F L7z pCMV-HuIFNB ® & k
IFN-B ¢cDNA #fz% PCR THlE L. GFP %H~Z ¥ —0
LR— % — BT ONRKICHARA, & b IFN-B(HuIFNB)
L GFP L ORiE % > /328 (HulFNB-GFP) %#%H$ %
~7 % — (pCMV-HulFNB-GFP) #{E# 1L 72,

2. 2 RERBEKRODMER

AR 24 IR LMo L, "oy v =& a5 %
MY RV — A THh B Lipofect AMINE2000™ & o #iAk
FHWChS Y2722 var&#fiolze Mz 100mm
REARMICH L. PiEWHE G418 TR FE L 720 G418 it =
O=—Z2REILL T, & HICHER, LiEHo IFN %2 N
AT v A4 ERLY, BLEEIEr-7-00%
GBI E LT L7z RO TEE W CHtOH
% TR GFP e R Bk 2 B L 72

2. 3 SwAHEMHEOKE

RERBME, 2917 1 V¥ — (Transwell™) T
5 HMF A, B2 L, 24K F CTIcHiiefE o
apical 1}z OF basal fl\2 4w S 2z Fig o IFN & %

WiE L. ZERBUTB T 25w 2 38l L 720 — 7,
— BV BETRBERIZBWTIE. 79 A3 FDNA (3
ug/mL) & Lipofect AMINE2000™ (10ug/mL) O#41k
., ZilE7 4 Vv — ET5 HREE:ZE LMD apical
M} Of basal flA 58 A L7z, #HEK%EE&E Opti-MEM
BT 4 BERRE AR, W ORI L S L, AR 24 B
METIZHET I IN=F A MG L7z IFN &% il
L7ze WENOERIZBWTS, IFN MR Z AL 72
RIMOAEZFRL72012, BIETEALZDOLIZRME
DIFN #~%—A—L LTHRIML., Z8OF LR L7

2. 4 EEFEACKIIYRBALEBEICNIEDR

TEDEHE

HulFNB-GFP KU GFP #E5HMIZ., 714 V¥ — LT
5 HER 2B EE L7zo BERIZ 5 ug/mL @ brefeldin A
(BFA) T304, 3 L <i%20C®» 10mM HEPES
A DMEM (28 % 28 #et% 20C ¢ 2 BERALEL L. [ 58
L7zo F72 —BHOBERFRBAERICBVTCL., @EsY
YOI BFERN s —FHA LT 10 RfHICEE L7,
B ERTIC, BFA ALEE | J OF 20°C IR EEMLIL 2 47 5 720 [E%E.
E, RERBICIDEI VT AT 2REDH 50
propidium iodide (PI) CTiEZ et L. L ——BAm
RCBIZE L7 o —RPURIT/MER, TVIfR, T AT
VI Ay b T—=27 (TGN) O —=Hh—=5 7 Thb
protein disulfide isomerase (PDI) (1D3).Golgi-58K (58K-9).
furin convertase ([Zx 3 2Pk E Fv7c, WIhogEH =
WPURIZ, Alexa Fluor 594 55k 2 bifh & 72, S gy
R I L — W — B 2 W CBIS 2 4T - 72

2.5 »7ONF%YIF (CHX) RU20CEEER

IHOD IFN- hEIRICE 2 5 &

CHX KO 20CAIREEMPE DRI A & > 7% 7 AL P %
252 B HBEBET L7720, 1xX10 oGy ¥ 82
RSB Z HN—27 5 A2 FICIRRE L. 1 HRR2E L7,
Z0t%, 0. 10, 20pg/mL @ CHX & A 72 20T $ 7213 37
CToODMEM IZEi 2254 LT 2, 4 BFRIEEE L. [Erk
WS L —F—EMEEZ W CBIR 2T o720 T2 Wb
252 BB R WL 720 1< 10 HOE 7 > 87 B
B MDCK g% 24 "7 L — MZIBREL, 0, 10, 20 ug/
mL @ CHX %% A7 37°C ® DMEM (2K #h % 5c# LT 2
MR, CHX Z &4 L7\ DMEM I25#t LT & 512 10,
30, 60, 120 Z3fisE#E L7z g2 XL, IFN &2 & L7z,

2. 6 TGN LR/ fasxiBiz O

A N—27F A LT MDCK $a R OB & 5 > 28 7 R 5E
SBMILA 1 H R 72, MDCK MilBIce LCid, =
% Z IFNB 5B 75 A3 F (pCMV-MuIFNp) % O pCMV-



HulFNB % [FFRZEA L, @e Y o387 B EsEBRC
% LCid pCMV-MulFNB %3 A L7z, EAR 8 B 5.
10ug/mL @ cycloheximide (CHX). 10mM HEPES #* & A
7ZDMEM T, 20C 2 B} % L 720 20, 37T D
10ug/mL @ CHX % & A 72502583 Ly 0. 5. 10, 15,
303 MR AL, BE L7z, EEH. — kIR~ o X
IFN-B Hifk? (6D-G8). 2 &KHLRIZ Alexa Fluor 546 fik—
Wk Z T, gt e rv, BN L — W —BigsE
HWTBIER 21T o 720 WA IE Image-Pro Plus ver. 45
ZHWTIER L7 Fluorogram OXFA# L OFZE O %
B, auhIAE—Y 3 EBML M2 2EH L7,

3. # X

3. 1 B&F I NVEOR WA SO

%9, Pam-T Mifa L 0" MDCK #ifiZ BT, BESY ~
NI BB ERICEH SR E L —Bkic B S e 0a
DFWF POV TG L7z (Fig. 2) - TORR, &
FEFEBURD & (X 5 RT3 ] & 7= D 1Tk
L =8B S E225820  BE R AT IR
BOWERRLIZ TRE D (GFP LGS ELYAETY
IFN-B O HIZ b d, IFN-B ¥ a6 o —#tk i O
MR 5888 — >~ (Fig. 1) & RkoMasA~0 55
TR RS S EBHL I E R o7z,

3. 2 BMEANNVEOMBEAFINARINDF1ERENR

G T ZBARRIARTE L 72 IEN-B 0556 J5 a7 0 & v
BN DO NFNOFAAIBNTEL 02T 5720
IR L — W — B 2 VT Pam-T K O° MDCK il
WCRHL SSRGSy BoMBANIIZ BT 5 RfEE X-Z
HATMOAF ¥ XD BIgE L (Fig. 3). ZOK .
GF R EEMBNICER S TBIRE AR T L5720
BFA KU 20CIKIR LI % 1T > 720 BFA 1X. TV Ik
BRI EEmE LTIl MOENTBY, ¥ U]
DRWEHET S Z EPREShTwS MY, 20T KR
FEMLBRIZ I 72 1 &Nz 7 37 B % TGN ICHR S
®HHEELTHSRTWS Y,

¥9. BFAZHWTBIZZIT-> %6 (Fig. 3A).
GFP 22 56 Bk Tl M AL 1C 3B W CHITIL N &R 12 5R W
GFPHRDOY 7 F U RALTWiz . Zhicxi L. @lé
5 X HEERBA T, @AY 721X Pam-T
MM CRBELIZRENED I, FORmIEEZzIEEA
Tapical I}z ¥ basal I ITIFHHEICBE SN, $7-
MDCK Mg Tid, F& LTEIH LT apical llICZDJF
MR- TW AT Sz, —J7 apical ¥ basal
WA 5@ fE T EAL, BRI ERE Y 828
OHBENIRAE L, %% OMBOBE & » /8 7 B2 e 5Bk
BT BRIENY =V ERAMTH S L2RENTZ, DR

Pam-T MDCK
W 300
m
E Z W0p
2 00 Z 10}
= =
Stable = Z 0
expression = 0 =z
2 it 100+
z e
h - ol f—
= 2001 z W0
= =
T 300
awol 400
N 80
£ ~ 60
= 2
s 30 E
=] ERUs
Transient = =
. = =
expression 'z — z - <3
z <l z =
£ 0 I basal : !
= 30+ apical bissal P .
£ transfection transfection = a0 apical basal
= transfection  transfection
40

60

Fig. 2 Secretion polarity of stably or transiently expressed
HUlFNB-GFP in Pam-T and MDCK cells. Cells were culture
on Transwell for 5 days. In transient expression experi-
ments, HUIFNB-GFP gene was transfected onto apical or
basal side. Open bars and gray bars showed human IFN
activities in Pam-T and MDCK cells, respectively. The val-
ues represent the mean of three determinations with S.D.
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Fig. 3 Confocal microscopic observation of stably or transiently
expressed HUIFNB-GFP in Pam-T and MDCK cells (X-Z sec-
tion). A shows the intracellular localization of stably or tran-
siently expressed HUlFNB-GFP in Pam-T and MDCK cells
under BFA treatment. B shows that in MDCK cells under
20°C temperature treatment. N.D. indicates not detection.



EEREMEANDEREES P /INTBEFOT /N — &R EED S

X0, BERP—BEBEIHB S Gy ¥ 37 HoMila
AN DWT IR 125 5, BFARLETO
MNBANRAE X5 — 2 I3AARTH B Z LAVRENTZ 6

BFA iZ MDCK Mgl B1F 2 BBk 2k S¢ 5 2
LR, AT A TITH Uk A RIERRELZRT Z &2 5
NTwb, #2CTMDCKHIfZlcoWTid, 20°C iR
HICX YRGSy 82 8% TGN ’*Féﬁf_ Hlzon
TOHME L7z L Lads, Zo%E1C0 BFALHED
& IZFEBROMBEN RISy — >~ ’i’/ﬁ Lf_ (Fig. 3B) o

WIZ, MDCK figlc B W THB S G /E Y V37 Y
OB A VAT NDRIEEZ DTN L 72, Z DF,
BFA KO 20 CHRIREEALIE 2 4T o 723 B 10OV T H MGT L
2o T, WTNOMA LT TITHE L72iER, ma s
VN E R EEIWIEB T 5 MDCK Ml (MDCK
(HulFNB-GFP)) Ti&. BitA ¥ v 87 BidF & LTRICH
LT apical lIiCZFDRENR->TB O, FNVF A 7 Getn
EDIZE ), FEIZTGN/GolgiRIZBELTWLZ &
AURENT: (Fig. 4A, control)o —J7 . apical fl & D&
fRFEACEY, —MPEICRI S ¥ 72 HuIFNB-GFP b %

A

Stable
expressiion

control

control

PRI N T

EIBROA L FEE, F12 TGN/ Golgi R0 553 A3
2317 (Fig. 4B, control)s F72. BFA KU 20T i
FEALBE % 4T o 7235 A 12 b AR O R A3 l‘oht (Fig. 4,
BFA, 20C). 21 & ). HulFNB-GFP # ZE IS S &
7 RO — B FH S S @ﬂ%ﬁ%fiBM\
0CHKEELHEOFMIZE STRHETHY, LT
TGN/Golgi RIZRFEL TWAB Z EAVRENT,

3. 3 EB3HBAICKUREIELIFN-BD TGN XL
BE(CH 1T B/ RatmisiEBiz DT

WIS, F—HEICB VTR B X ) BB S 725
G5 87~ A IFN-B O TGN LIFE o /Nl % i
ZOWTHE L7ze EBEIE, #N—2 5 2 LTHEL
72 MDCK (HuIFNB-GFP) IZ& LT~ > X IFN-p & —
HIZHEB, 50 MDCK%‘IHH’J HLTRE Y 237 8
. XY AIFN-B & WIS — @SB S &7, BB
72 2FH O IFN-B % CHX S AR, 20C iR
IZE ) TGN NEESE, TO®HITCTHRRET LI LICK
D TGN LLREO % % F 5 S, BRI ISHINE % o L.

20 'C

20 C

B
___

Transient
expression
(apical transfection)

; rou
N S P e
S t u
]
lei 4 ]
_nuc, = v W X

Fig. 4 Relative localization of HulFNB-GFP expressed in MDCK monolayers to various organelles.

MDCK(HUIFNB-GFP)

(A) and parental MDCK (B) monolayers were grown on Transwell for 5 days. The

latter monolayers were apically transfected with HUIFNB-GFP gene and incubated for 10 h. Either mono-
layer was treated with 20°C for 2 h or with BFA (5 ug/mL) for 30 min just prior fixation, followed by stain-
ing with the ER- (a-c, m-0), Golgi- (d-f, p-r), or TGN-specific antibodies (g-i, s-u) and appropriate secondary
antibodies, or alternatively with PI for nuclei (j-I, v-x). In control experiments, no 20°C treatment or BFA
treatment was carried out. Typical x-z sections of the confocal images are shown.
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Fig. 5 Effects of CHX and temperature on cellular processing and secretion of HulFNB-GFP.
Stable MDCK(HuUIFNB-GFP) cells cultured on coverslips were treated for 2 or 4 h with
0, 10 or 20 ug/mL CHX at 20°C (A) or 37°C (B), followed by fixation and confocal mi-
croscopy. In parallel, secretion of the IFN activity from MDCK(HuUIFNB-GFP) (C) was
examined; After treatment with O, 10 or 20 ug/mL CHX for 2 h, cells were incubated
in regular medium without CHX at 37°C . During the incubation, aliquots of culture fluids
were picked up at indicated time points and assayed for antiviral activity. Each value rep-
resents the mean £ SD of three separated experiments.
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Fig. 6 Secretion of IFN-B from MDCK(HuUIFNB-GFP) cells following transfection of the mouse
IFN-B gene. pCMV-MUIFNB was applied to the apical side (A) or to the basal side (B). Shaded
and open bars indicate mouse and human IFN activities, respectively. The values represent
the means of three determinations with S.D.
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Fig. 7 Post-TGN localization of mouse IFN-B and HulFNB-GFP expressed in MDCK cells. In A,
stable MDCK(HUIFNB-GFP) cells were transfected with MulFNf gene. In B, parental MDCK
cells were co-transfected with pCMV-HUIFNB-GFP and pCMV-MulFNB. After transfection,
cells were incubated for 8 h and then subjected to 20°C -treatment for 2 h. Thereafter, cells
were warmed to 37°C (time 0) (a, k) and incubated for 5 min (b, I), 10 min (c, m), 15 min (d,
n) and 30 min (e, o), followed by fixation and immunostaining of mouse IFN-B (red signal). N
indicates the nucleus area. Notice that several orange-yellow spots are pointed by arrowheads
in panels m-o. Scatter-plots of the pixel fluorogram (ordinate for green; abscissa for red) of the
merged images (a-e, k-0) are shown in the respective lower panels (f-j, p-t), and colocaliza-
tion coefficients, M1 (contribution of green) and M2 (contribution of red), which were computed
for intensity ranges defined by arbitrary area of interest (AOI) along the diagonal line of each
panel, are shown at the bottom of the panels. The scale bar in panel a represents 10um.
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LATIE, o, BResL ) sk
IFN OZNEND Y T F VDR % 255045 LT B EET28
BlgEE, Wy 28y B % 2R %2 LTk ST
WA REMEAVR E 7z (Fig. TA) .
BB L2z b5 L — = B O EBR M2 BT 5
HRBEDRIESR, IN=TF AL VT VAT 2 VTORFE
StEoE . EHILICBI A TVNIA DAL A=V TD
VEWR LG TV RROBICEET A2 REHTIED S
A 3B N7zHERIE MDCK Mgz B v T i O —l Ptk
B S22 IFN-B i3, TGN DEZh 2Nz 5k %
I LTk SN DGR, WA R 2 2w etk &R §
LDTHb,
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