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Effects of Antenatal Administration of Keratinocyte Growth Factor
(KGF), Epidermal Growth Factor (EGF), and Dexamethasone on mRNA
Levels of Surfactant Proteins in Fetal Mouse Lungs

Min Soo Park, M.D., Moon Sung Park, M.D.", Jae Eun Yu, M.D.”
Ran Namgung, M.D. and Chul Lee, M.D.

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea
Department of Pediatrics’, Ajou University College of Medicine, Suwon, Korea

Purpose : Growth factors such as Kkeratinocyte growth factor (KGF) and epidermal
growth factor (EGF) have been shown to stimulate alveolar proliferation and pulmonary
surfactant production in neonatal animals, raising the question of their antenatal uses.
We studied the effects of antenatal administration of recombinant human KGF (rhKGF),
recombinant human EGF (rhEGF), or dexamethasone (Dexa) in mouse pups on mRNA

synthesis of surfactant proteins A, B, and C.

Methods : Time-dated pregnant mice were divided into 5 groups. At gestational day
16, the pregnant mice received intraperitoneal injection of saline, rhKGF, rhKGF+Dexa,
Dexa alone, or rhEGF. Fetuses were delivered by cesarean section 24 h later. Lung tis-

sues were obtained for isolation of RNA and realtime RT-PCR for SP-A, -B, and -C.

Results : Relative SP-A mRNA levels of any of the treatment groups were not signi-
ficantly different from the control group. Either KGF or Dexa group did not show higher
levels of SP-B mRNA than control group. Relative mean values of SP-B mRNA of KGF
+Dexa and EGF groups were higher than the control group, but not statistically signi-
ficant. Even though there was a trend of increasing levels of SP-C mRNA in all the

treatment groups, the differences were not statistically significant.

Conclusion : Antenatal intraperitoneal administration of KGF, EGF, or dexamethasone
to pregnant mice did not increase the mRNA expressions of surfactant proteins in
preterm mouse pups. However, the effects of different doses, timing, and routes of admi-
nistration are important factors that may influence the outcomes and should further be

investigated in the future. (J Korean Soc Neonatol 2005;12:1-7)

Key Words : Keratinocyte growth factor, epidermal growth factor, dexamethasone,

antenatal administration, surfactant proteins
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vl A3k F APgES] MY ok FES AFH
St Sl Aol & &k (respiratory distress
syndrome, RDS)< 19591 v|=+¢] Avery9} Mead"
7} Ao RDS9| o] #o] mAgdsoz 1% ¥
AAggA o] F-Fell 71Qghchar ¥l vl Qlr) 1980
W 9®o] Fujiwara 570] AAolsFE2AZF §Al
A Ao #HE o]&3dte] whE HAALGA] Sur-
factant TAE Fo3ted AAl HAx=2 434
HuE BRI, ol AVIE HAAHEAE 1990
Wl 25E RDSe| A&d ZIHs o]F% L=
2 Ay 7 H9Qa, 1 ZIE usol AEs
=3k whgk S o] A FH Ak

RDS &zjol| Al HAALEAA ] Fo= giF-E
2143 A8 aHE HolXWk oF 30-50% AHILolAE
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AbAel] Fofste] olo] g wsEiR} A F-o] #H9
surfactant protein A, B& C mRNA &S Hrlsh

a4 ehgich

CHakap 2l

Time-dated pregnant Balb/c mice 15 v}&]|& -
A3t Wl matingdtal tha¢ vaginal plugging
S F3le] AAl 04 & AXEALE dAFAE FEA

5
=3 F 397 4871k THia, HEA
&

!
AF 51.313.3
A ZUTHP>0.05). Recombinant human KGF,
rhEGF (Chemicon International, CA, USA) %
dexamethasone (Sigma™)2 A3}

2. & ¢
%z (Con), KGF+(KGF), dexamethasonei*
(Dexa), KGF-dexamethasonei-(KGF-Dexa), %

EGF (EGF) ez o] 94l 16¥el 47 AT ¢
F 10 ul. 294, rh-KGF 5 ug/kg, dexamethasone
5 mg/kg, th-KGF 5 ug/kg+dexamethasone 5
mg/kg, @ th-EGF 1 mg/kgs AT g T 10 ul 2
Aol B8] B2 Ul FARSFTE OFE o] 244
b AAF A AAES] pentobarbital (50 mg/
kg)¥} ketamine (5 mg/kg)S FAF & AYENE
ArEdch Eukd F eake] #AE SA4% F &

o F

AN

Zre oshaae

3. Isolation of total RNA and Reverse
Transcription

% RNAZE RNeasy® procedure (Qiagen)® %2
stk WesE ¥ Z3ZAS rotor-stator (PowerGen

700%, Fisher Sci)& ©]€3le] guanidine isothio-
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cyanate (GITC)E 3$H-3k W] w2 3FAch o2
3ld %2 AES silica-gel-based membrane®] U
+= RNeasy mini columnse] %1 HUAE3 &

RNAE 50 uL RNase-free THF= &&3HAth

RNA &% 2fERuER 260 nmolA F433
t}. 448 F RNAE cDNAZ @1 A} akelnh S,
% RNAE 100 ng/uL® 343 F 5 ul (500 ng)

RNAE 55 mM MgCl, 500 uM dATP, dCTP,
dGTP¢} dTTP, 25 uM random hexamers, 0.4 U/
uL RNase inhibitor, 1.25 U/ul. MultiScribe re-
verse transcriptase % 1X TagMan RT buffer<}
M F 50 pLo] WHEEFES FHlskh vEEF
S 25T 10%7h 48C°1] O%ﬂ—ﬁ J%/\]?J 9
5CallA 5#3F 7k ate] v

4. Real time PCR

Real time PCR< ABI PRISM™ 7700 Se-
quence Detection System (Applied Biosystems,
Foster City, CA)< ©]-&3to] 3ujs= ¥h-g-AZt) v
SE%E2 1X universal master mix, 2 300 nM
forward % reverse primer, 1#]3 200 nM fluore-
scent probe (TaqMan‘E’ Molecular Beacons, Applied
Biosystems, Foster City, CA)E& &3] 25 L=
THEQlth PCR WHg9o] A4 H4AL no template

control AF&-3le] #<2139)t) 18s rRNAE internal
positive control® AME-3FTE FE3H 2 279 50

TolA 283, 9BTAA 10, 1 F BHTAA 15x%
-60CelA 132 Mol&S 403 wHEsIGTh 23 <]
SP-A, SP-B, ¥ SP-C9| primere} probeZ t]=}<l
3ol Applied Biosystems, Foster City, CA°l ¢33}
o FAsdk. SP-A primere 5 -TGGTCCAT
GTTGAGGAGTGA-3" ¥ 5-CATGGTCGCATTC
CACATAG-3" probe= 5 -6FAM-TGCATGGAAT
GGATTATGGGATTCATAMRA-3'S  AM&&FlaL,
SP-B primer+= 5'-TGTCCACCTCCTCACAAAGA
-3 % 5'-TTGGGGTT AATCTGGCTCTG-3'
probet 5 -6FAM-TGACCAAGGAAGATGCTTTC
CAGGA-TAMRA-3'& AH&-3l93L, SP-C primers=

5'-GAGATGGTCCTTGAGATGAGC-3" ¥ 5-GC
AGTAGGTTCCTGGAGCTG-3" probex= 5 -6FAM

-~ATCGGAGCACCGGAAACTCAGAAA-TAMRA-
& A&k
Fluorescence thresholds &
linear phase°l| 951l active reporter fluorescence
7} threshold& Av= A17]19] Mol2& AAsto]
cycle threshold (Cp)& A3IAvt f+4xF wale] A
2 e 98 val CT e ARgsto] ALt
stk AlARAAe] CTA A 18s Cr A& 73]
ACrE T893 [F, Cr (target gene)-Cr (18s)],
AACr A= AT ACrA A tzwe] ACA
& zstel Fekdth [F, AACr=ACr(test group)-
Ald 9] mRNAS] gz
T s

intensity Z L7149

ACr(reference group)].
o Hig A e 2°

AN AGWIER LT A
1 - 0.79+0.09 gol
AEHP>0.05).

_L

A ERXE Fo HILH SP-A mRNA &

24 EzF # 9] Al SP-A mRNA 2de] ®stE
gk Ay, KGFFolit2 txa-(1.01+0.11)°] o

Fig. 1. Relative SP-A mRNA expressions measur-
ed by real-time RT-PCR in the lungs of premature
mouse pups delivered on gestational day 17 from
pregnant mice treated with intraperitoneal injection

of saline (Con), th-KGF 50 ug/kg (KGF), dexame-
thasone 5 mg/kg (Dexa), rh-KGF 50 ug/kg+de-
xamethasone 5 mg/kg (KGF+Dexa), or th-EGF 1
mg/kg (EGF) on the 16th day of gestation.
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Fig. 2. Relative SP-B mRNA expressions measured
by real-time RT-PCR in the lungs of premature
mouse pups delivered on gestational day 17 from
pregnant mice treated with intraperitoneal injection
of saline (Con), th-KGF 50 pg/kg (KGF), dexame-

thasone 5 mg/kg (Dexa), rh-KGF 50 ug/kg+

dexamethasone 5 mg/kg (KGF+Dexa), or th-EGF 1
mg/kg (EGF) on the 16th day of gestation.

g ¥ SP-A mRNAXA7F 1.15+0.32, KGF+
Dexaiw2 0.95*0.46, Dexaw2 1.04+0.47, EGF*
< 07604124 thz=Tell Hlste] Fog AfolE B

A kkTh ZF b ko] Hlal Aol oJm] gl Aol

]
= ATHP>0.05).
2. &Y E{Xt F9| HLH SP-B mRNA &

o 27(1.0010.06)e  Hg KGFFod-9]
SP-B mRNAXA&= 1.50+0.61, KGF+Dexaw 2 2.08
+0.39, Dexav& 1.48+052, EGF+2 3.35t1.73%
A FookEe] mE g Afo]E HolA]
3 post hoc EA]o] iM% 2z 7+ 719
ol UATh LEvt FHEAE Hlaste] &
% Dexa’t zbzb i ztol wls) oF 1.5u1¢] <
RL, F e A Fol® of 2vje] FUHE L}EPLH

w3 FEeAt Av)e sk

ol nls) 3u) o)del &

AT A

i) =

Felg
o, KGF
7=

rr

= FAE B =
EGFFolte] A%
she SAg e,

3. MM EfX} Fo| HILH SP-C mRNA &8

SP-C mRNAX+= 7z} ++ 9] a7t SP-AY
SP-BRT o 27 ueht AQAt #E ¢ 5 9
A

Atk KGFFolT2 tixa(1.03+0.20)0 oigh i
1 SP-C mRNAA|7} 1.62+0.88, KGF+Dexaw
2.77%2.02, Dexau 2 3.66+2.09, EGFv &

. LIV—L?]: .

Fig. 3. Relative SP-C mRNA expressions measured
by real-time RT-PCR in the lungs of premature
mouse pups delivered on gestational day 17 from
pregnant mice treated with intraperitoneal injection

of saline (Con), th-KGF 50 pg/kg (KGF), dexame-
thasone 5 mg/kg (Dexa), th-KGF 50 ug/kg +dexa-
methasone 5 mg/kg (KGF+Dexa), or rh-EGF 1
mg/kg (EGF) on the 16th day of gestation.

49224 22te) Folobol o BHA &
SR glot EARA R Feld Aol wol

o) o)
s )»}\

o}, 1969L1 Liggins V0] glo} oA 2 Ro|=2

»ro%a}oa A Aol FAPe AxE A old A

A 2ERolE ol RDSS MES 4] Y
BeAE ERHQ x

2001 Wz A s o= F

FAukepol Qo 1994d W= mAA A=

Azgoz 9l

247 A 345 Abolo] ZFAEHE BE u|Zolo] s}
o] Abd zERol= FolE Axaln glon] #A g
A8 g5 Busa gt e 2y ~gE
o= AAUREAG BE A B A 4He F2
A71E 597 Y Aom nuws ot

Ty olobE WHR AbH 2HRe|=9] gt
nujslthE RuEE FAE gtk Abd 2H R

wasta HEdo] A

ek gl



— Antenatal KGF on Surfactant Protein mRNA —

% SP-C mRNA®| HuAe AdHez AssHe
FAE BoY, AR ooE IS FE A
t}. Dexamethasoneo] ¥ o A&TE FIATE =
Aol A = wf HEA Z3tel tEo] FHAAHEIA
°of A B #He FUHE AAYE F Jded tran
scriptional leveloll A o] W&& FI7IA|71%] Falle o]
n AE HARGAAA ] RS AT AR
°o2% Ho VeddsE =T F

H A4 3 "ol g dols
+ EGF (epidermal growth factor), HGF (hepa-
tocyte growth factor), VEGF (vascular endothelial

I~

KO ¥

E o4y anse

growth factor), TGF (transforming growth factor)
2 KGF (keratinocyte growth factor) S°] $th
oA KGF= #l Ax3 wfe 2% #AE 7t
AE Qakz Basa gtk KGF= 19 kDa®] dd
WNAZ in vitro AFNA 49 719 Axe] A
Y AT FAE AFdE A8 @0 KGF:
go} = 7] AfrotMzelA AL wElEdL A
Al Z4 ME(stromal celDolA] FTAFY 1 58
¢l KGF-R (Z-&FGFR-2IIb)& ¥ /3w 4 3o At
ARG, KGFe A28 Ax v Aol w3
mitogen©. 2 #gat1'”, KGF-Re 27] #9] £
FAoH Fad gzs du ™ 2y KGR ¥
AR G4 @l A (surfactant protein, SP)oll th3k
P TgsA B vk wElE As A9

A2 HE AT AEAA LA FF KGFE
Aol @A A SP-Ast SP-Be] L ZF7HA
7t SP-Ce| # w oA A

Aol primordiumS AFE-3 Aol AE KGF7F SP-

o= o dFo) 0}\0—]]‘;]_)1
& Oizs]:o]

B¢} SP-Co ®dS F7MAN7IY4 SP-Ad+=
gorks w1sl 9 wa? Ax zHomiy N

g8 AxE A |4+ SP-A¢] Edo] %—7]—

op
of o
e
-
2

w1} SP-CollEs ddke] gk Rus A, o]}
2o AFELS AAREAAAZE FH4E7] R HA
wlob/) 2 mEE @ glolch, AT YA F719] WA

A A2 AXE gy AEE 7, wdste] KGFE
Fost 23 DSPC (disaturated phosphatidylcho-
line) ¥ SP-A, B, Co %8S 5% I7MAAYE B

b e & KGE7F #HE 33 Az o
mitogenS. 249 A&y HE A AEe] A%
% 7530l itk A4 E7dl KGFE ¢
TollAE AAEGGAS] pools F7FAIZIAL AR
Foll FAIGLe] WA A9 DSPCHS S7HA17IH =
FUlo] DSPCol= o] fivke Ad7E AAIHAT
O wd HAx 49 AE wgelA KGFS dexame-
thasone W&%Fo]7} SP-A ¥ SP-B mRNA %3S
AeAow FANG BRuHAY”. wElA in
vivo TEAE, AHEE T8 Yol % Fow ME
i 5 AW wE) dolgt AnE UrE}LH A
g B ARE FPsl md KGFe
2s o= FAl HAHEA
HE ST AeR H°1D]—
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de ozt AFA71M, KGFF dexamethasone©]
& Fol® 49olx SP-A mRNAS| dwdo= ¥ o
Fo] gidert, SP-B ¥ SP-C mRNA®] &2 4
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H Aol AH A FHoA FAEAY wigE Al
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AE & 5 ok
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2 3H : Keratinocyte growth factor (KGF)<}
epidermal growth factor (EGF) #& A&eztso)
A FERUAA HE FA4 9 ARG A
AHE F7MAIZITk AL dElA Qlek ol E gk AARIAE
Rk ol Fojste] wE] HAHEAAA ] AihS
EA F B e AAtEF
5 < Zlolghs 7HAd st B ATE
T8kt

gt B FE 5o R vrol Al 16UA 2zt
2192 recombinant human KGF (thKGF), rhKGF
+dexamethasone (Dexa), Dexa, recombinant hu-
man EGF (thEGF)E 37; U FAFSFaL 244]7F $-o
AGdNez & A1 5 F B HE HEsH
RNAZ #3530t} Real-time RT-PCRY-S ©]-&3}
o] surfactant proteins (SP)-A, B, ¥ C mRNA<]

Z o XE AudoA SP-A mRNAS #d 2

= L
wat FAEeR on| Sl AolE WolA &

CRAE - dFR o] A

Atk KGF Ei= Dexa wollAE tlxzad A A4
£9] SP-B mRNA®| @d& B3, KGF+Dexair*
3} EGF#olAE izl vl %S mRNA 23&
e e Aoli= It SP-C
mRNA®] A9 RE Agios tzxdrt o
A& Hol7|E o, o] wek FASHoR:E A
ol& HolA ¢kttt

A E:Ev A gaFCA KGF, EGF, E&
Dexa® 87 U2 Foq¢ 4 2vd nsex o
oAl HANEY we] mRNA Wdols I
FA ekt Eu 8%, Fol AlY], Fo] AR ol
g g2 g3s Jed § genz old g 3
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