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Primary Culture of Chicken Tracheal Epithelial Cells and Study on Those Characters
for Recombinant Virus Infection

Mi Na Park, Hyun-Jun Jang, Dae Ho Keum, Jin Ae Choi, Jaec Gyu Yoo, Sung June Byun, Jong Ju Park,
Ju Young Ji, Kyung-Tai Lee, Tae-Hun Kim and Hyun-Jeong Lee'
National Institute of Animal Science, RDA, Suwon 441-706, Korea

ABSTRACT Tracheal epithelial cells (TECs) are an important tool for studies of viral respiratory diseases. Primary TECs
have been cultured from human, mouse and hamster. It is also necessary to diagnose viral respiratory disease and reveal
infection mechanisms in chicken. In this study, we isolated tracheal epithelial layers from tracheal of 20-day-old chicks and
cultured primary TECs from the isolated layers. Ciliated cells which were a typical morphology of TECs were observed in
cultured primary TECs and maintained until cell passage 5 (15 to 20 days). When we analyzed expression patterns of epithelial
marker genes (retinoic acid responder, FGF-binding protein, virus activating protease (VAP) in TECs compared to immor-
talized chicken embryonic fibroblast cell line (DF-1), all the marker genes are highly expressed in TECs than in DF-1. When
TECs were cultured with 0.1 and 1 MOI of ND virus (tNDV-GFP strain) to test the susceptibility of TECs for ND virus,
12.6% and 48.2% of the incubated TECs were infected respectively. In addition, when DF-1 was incubated with 1 MOI of
ND virus, the virus infection rate of DF-1 was three times lower than the virus infection rate of TECs. These data could
contribute to study infection mechanisms of viral respiratory diseases and control them in chicken.
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XZE BolA s e Aoz gE|A Uti(Park et al., 2003;
Ibricevic et al., 2006). NDVe] 2%, 7] 9 Ao] 2174 A2,
ol A AEZF 2 ugE 7| 27 T& e ek
3k A4 A7) 3] St Cummiskey et al., 1973; To-
bita et al., 1975; Gresland et al., 1979). £3] HolA 7%= A
Az 12} W T57] #E AW ATl o] &
A Aol vlste] Alghe o F 87 3 st ddE
&P  dvke HolA] Fag AT AR2H 9 7K E 2t
Eth(Zaffuto et al., 2008). 2= F, 217}, J=E Sl 4
A 3EQ] 12} vfFHo] Y E ) 2 H(Tbricevic et al., 2006;
Matrosovich et al., 2004; Newby et al., 2006), ol = Z7]
Hiol g2~ Zrdo gk 2441 &5 vhS e, A
B HAYES FH5] feiE 71 AFAE s
o] ggjo] 7= 3 9lrh



300 Ml 5 H s

< 2 fdAE pdshks 94
ZFE Hde A Held NDVe| 2 WA E
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o] F3h A 20%‘ 3 OW-E* o] gt HE& s
om, 7% ZFT| M| ¥ (Tracheal Epithelial Cells : TECs)S
2137] Slskel Wolelel JEE A% F Fue A
<5 225 A A3, Dulbeco’s Modified Eagle’s Medium
(DMEM)ell 23t} 7% e AJulM 2 v 2lehr] ¢
sto] 7|28 A28 AYsta, Dispase I £9%(2.5 Uml,
Roche) 1 mLoﬂ o] 37C AFulolEle] 2417t F<F A2t
Ak BA4 e AEE shte] b Alxg Eesr] fst
o] Collagenase I (1 mg/mL, sigma) 100 uLE H7}ska 37C
UsrolEl el 5&EZT A2k &, FAYS o] &35t ko] A
A E(cell sheet)THS HAWRITE ©]E DMEMe] €&
&, FEgE A" S Bk cell sheet7} THA A= A
< 2713, 1,000 pmell A 52 F<F A4 Eelste] Alx

El ?Z‘%}C’ﬂv} Helol] | mLe| AlxErjgds ¥
AEE 73] wHkAZ] & 6 well plated]] 1x10° A|EFE
S A3 vjj kel & DMEM(F12, Gibco)oll 1%
L-glutamin(200 mM, Sigma), 0.1 mM B-mercaptoethanol, 1%

non essential amino acid, 1% penicillin/streptomycin< 231

AE83 3 10% Fetal Bovine Serume(FBS)Z o] 5%

ﬁ;
g Hr 2 o

Table 1. List of primer sequences for RT-PCR

AL W)}

o} AlE v plates M EZF & Bol z2HA 7] 95k
10% gelatin §--S o] 37C <lFuolE o] 20&3F A2}
A
2. & 71 MuM=E 54 =l
12} vk o 7= oAl 2] BE ERlE] s,
epithelial cellol| ] Zhdd
FGF-binding protein, virus activating protease(VAP)<] EE]—
ol E o] gste] Zpzte] fHzte] HH oAFES IsG e
H 2T E 5 AfolHEFH(DF-1, ATCC, VA, USA)}
FAA e oS v wslit) @ A2 & Glyceralde-
hyde-3 phosphate dehydrogenase(GAPDH), Ubiquitin-conjuga-
ting enzyme E2E1, Tubulin, beta 2BE A8} tH(Zaffuto et
al., 2008)(Table 1). ¥ 71%= AIA| LA RNAE F&3 5,
cDNAZR dste] FH2F SEHS $135te] ¢cDNA(25 ng/uL) 2
uL, 10 x buffer(Genetbio, Korea) 2.5 uL, ANTP(2.5 mM) 2
uL, forward$} reverse primer(10 pmol) 22+ 1 uL, Taq DNA
polymerase(GeNet Bio, Korea) 0.1 uL, 32 574 164 uLs
A7vste] A 25 uLo] WhEH 0 & 2| %35t RT-PCR=
Y3}t PCR AHE2 1.5% agarose gelollA 71953},
EtBr2 43t & UV image analyzerZ #23}3t).

= A} retinoic acid responder,

3. FOA M= Tl

A
o A%

Hto|HA(ANDV-GFP) &

sl 714 44

A = P71 flte] ' 7= AYAEE 12

well plateol] A3 5 x 1002 wjekstich. Al E7} plate
of & ZA 2o wiFH S AA sk, PBSE F=A 2-3

H o] Qe vlolel 2~ 7Hd AE S fldte], 2549 3
F-& I3l FF A2 Green fluorescent protein(GFP)2
ND Hfo|2] 298] Aol Al 9 o G4k M-S o] &
sto] GFPE Hdste A A2 7S vtole]2 |

N E
=27
=
T=

Gene name(Accession number)

Forward primer

Reverse primer

Retinoic acid responder(AJ3307060)
FGF-binding protein(BX930139)
VAP(CR391073)
GAPDH(NM-204305)

Ubiquitin-conjugating enzyme E2E1
(XM-478752)

Tubulin beta 2B(TC207332)

ACATCAACTCCCACGAGGCGTCC
TGGAGTTTGGACACCTCCGGCT
AGAGAATGCAACGAGGAGCGCTG
ACACGGACACTTCAAGGGCACTG

GCTGGAACAGGTTGGGGTTGTGG

GGCAGACACCGGCATCATGC

ACTGCTGCCAACAATGGCCAAGC
TGCAGCACTCATGTCGGTCACC
TGATGCTGCAGAACTGCTCACAG
AGGATGCAGAACTGAGCGGTGG

CCAAGCAGATGACGCCCTGGCTG

AGCTCAGCGCCTTCCGTGTAGTG
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E|(tNDV-GFP)E& Al z2tetivherd i et o] 2o 8} mjA &
stwAl). & 7= 3] A o] INDV-GFP stock 5 Lol DMEM
(serum free) 95 uLE 2] 100 uL &5 plateot] HojrEgl
1 MOI). 15%7}t} plates EEFE 2 S 39 vHES
3L, 45% 7 AlRte]l A £ DPBSE 3% Ao ek Al
Zo A 1 mL FolFE &, 37°C QAo E o] 2443 B
#AalTh vlolg] A AL el 9sle] dn|7o 2 GFP
W S #Sla1, Fluorescence-Activated Cell Sorter(FACS,
aria )% 53l GFP &d A X v]&S B43I8ch
2o o E

1. & 7|2 Ax|M= X} ok
53} 2] 2047 HoteldA | 7= FRAETE E
glato] wjdstlS w12k wieF 2 5o] A ERFH vheto
2olA Apehe /‘ﬂ RS AR Fote] #Eskila, 7
T AF M Ee] B4 ARE E1e 4 I thFig. 1). Hll
el & 7= Ay lﬂ X= Z2Y Y9 cell clusters ©]F
WA FRo®R G EEe] St FHE EATE o
7= A EE 12} Wi A] 6 well plateo] 1 x 10° A E5=
2 ks AlEFslslE W, AlE7F vhgel] 95% o] &0 2t
271744 5~79 H =t A8 EUTHFig. 2). B 7= 94l
Fo] At Wik Al 6 well platecl] 5 x 10° A E5=2 ujj s}
A3z, 13} v Fol] vlste] AlZ7}t 2o] Alghs S=rt whaksl
om 349 A= wFaAS W AlZE7F uigel] 95% o]
3L, 9F 2 x 10%04] 3 x 10002 27] wjdS A|FE Al
FollA 4~6m] HER 1 7t SThshe A gR1E 4 3l
ok wk 741141 wj kS 5 (152004 20Y) o] Wayst T
AN 12} vigE AIAE o BEE 9&91‘3 715 Zg9A]
2ol EAQ ARE gR1E ATk 2B o] Ajd
A 20€ % Hotg]o] 7= i A9 F o2 NE 7% AJuA

z2 wel 9 4 szzam g welE A% AnAEe] 5
e fASAN 27 Jb MFE ek LS FHel
e,

2. 1A BHLE B 7|2 AuME 54 =l

121w ket M2t 712 BRI ED S FAAE DA A
A7) flotd 7= AAEe] v FAE o] &3t
EX4& #9213} th(Song et al., 2001; Beer et al., 2005;
Runkel et al., 2006). & Aol XDF-1)E tix=7= of
o 71% FIAE v} FFAR] Retionoic acid responder,
FGF-binding protein 1] 3 Virus activating protein(VAP)

Primary TECs

Primary TECs after attachment

Fig. 1. Morphologies of primary TECs.

The floating primary TECs were observed after primary TECs
were isolated from tracheal epithelial layers of 20-day-old chicks
(left) and the TECs were observed after cell attachment (right).
Arrow indicates ciliated cell. Scale bar indicates 50um.

Fig. 2. Cell growth patterns of primary TECs.
Cell growth patterns of TECs were observed at 1, 3, 5 and 7 day
after primary culture. Scale bar indicates 50um. CON, DF-1.
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Ak} g& 5744191 Glyceraldehyde-3 phosphate dehydro-
genase(GAPDH), Ubiquitin-conjugating enzyme E2E1, 12
1 Tublin beta 2B F-7 Aol ]2} reverse transcription-PCR
(RT-PCR)S =385}tk RT-PCR 23}, 7| = A9 A £2] n}
7 FrdAEol 1A M FE 7= AFI A E A DF-154 =
A gdshe weel GE faxtel A%, J1E 4}
& A fobIEF Aol Rol7h 9he-e HelstrkFig. 3).
o] S Bl 12 WP S A At AFAL B
I E Sold FaAs Tdsta sivhs AM S FAT #
glglem, ol e fixtel wal

£ gdsl ge Pe B

3. rNDV-GFP 7:,*%1 43

= wES vholg o] dig A4
A 6‘} 1 3t 12} v ket 5 71 = I A e INDV-
GFPE Z4A1Z ) INDV-GFP 5 =5 0.1 MOI(Multiplicity
of infection)®} 1 MOIZ 3} Hle]# A5 AAH-S F3
dlsi o™, GFP %385 Fluorescence activated cell sorter
(FACS)Z E3to] EA3l9ict. 1 A3, 0.1 MOIoA GFP &
F-80] 13.2%, 12.6%, 12.1%= Hit 12.6% NDV-GFP 7+
£S5 B33, 1 MOICIAE GFP 23E0] 48.6%, 47.9%,
49.4%= A7 48.6% rNDV-GFP 7+d&< ioq 0.1 MOIX.
o} 1 MOIClA < 4u)) 7}eF 7FA Eo] S71sE A& &1 &
UNTHFig. 4). 3+ 12} vjgE 7= ouwiﬂ ND H}o]
2] 2of] 5ol 744 Ho|=A] dolir] flate] tjz+
Q1 & Afrob Al 1 MOIS] ND Hieo|2|~5 2 A
. 1 A3}, GFP &L 11.9%, 13.9%, 14.7%= 3t
13.5% rNDV-GFP 78-S H3lon, 12} vkl & 7=

Trachea-specific

Wt 58

FF A7} DF-10] Blste] 77HEw whole] 2ol thgt b=
7go] 3ull 7p7to]l == As &9 5 A THFig 4).
222 ND Hfe]2{2o] A2l 144 Fa= 4ol e
71 A E7F A9 i FE dE el M= I ek vlel

2 FEae #A8 5 dot S s

2 Aol 3k A Polelel 7% 4w oA 7]
= ATAEE Beldte] 13 Mg on, o2 LB
12} vl o= 71Ee] dIR 1= A S
FARE FUIE RASD Aok AHLE WL w3 WY
7% AIART} FH4 DA E A fobi £ o
2 PSAE mRe] A BA S eharke AS
AU U, A A AL I A

N

F AfrobAl 3o Hlste] ND Hio|2] 2of] ol A<l 742
Uepdths AR S SISt 8k ND Hhel 2]~ 2
o= 12} wjFE 7% FIAE SolARl izl wEk
dolle WgtE Holx] gttt ol5 ZAI}E Fato] HelA
7% AS N E] AQQuek 7S Beld 4 ol
of7} HellAl ND Hio|8] 25 H]Z3 3
X o] A vAYSF A7 BEA I 9 A=

of 714E & & Ao® AlsdTh
q 2

ol 7% s 557 B DY A7 9]
ARE A 27 % 25 BB YA 9 1EE 19
G 9dths Hold 228 ATAREA o1§8 & Atk 2
2ol F, AL, WE] FAN FTAL 17 wjF ol
RO, FANE 271 vlolel 2 74 A2 71

Housekeeping

TECs

DF-1

Retinoic Acid Responder

FGF-binding protein

Virus Activating Protease

Fig. 3. Gene expression pattern of primary TECs and DF-1.

TECs DF41

Glyceraldehyde-3 phosphate
dehydrogenase

Ubiquitin-conjugating
enzyme E2E1

Tublin beta 2B

Expression patterns of trachea-specific marker genes and house keeping genes were compared between TECs and DF-1 by RT-PCR.
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Fig. 4. ND virus Infection for TECs and DF-1.
TECs and DF-1 were incubated with ND virus (rNDV-GFP strain) and the GFP-expressed cells were detected by fluorescent microscopy
and quantified by flow cytometry. Scale bar indicates S0um.
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