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Purpose : Phospholipase C(PLC) isozymes play significant roles in transmembrane
signal transduction. PLC—7 1 acts as the intracellular effector in signal transduction
for cellular proliferation and differentiation. Ras oncoprotein is also involved in cell
growth. We determined the biological significance of PLC and ras oncoprotein in re-
generation following radiation and the effect of different modes of administration of
5-FU.

Materials and Methods : To determine the effect of the administration mode of 5-
FU on the regeneration of intestinal mucosa of rats following radiation, we com-
pared the expression of PLC and ras oncoprotein in six groups. Group I had no
treatment. Group II received radiation(8 Gy) only. Group Il received radiation(8 Gy)
and 5-FU(150mg/kg) continuous intravenous (iv) infusion for 12 hours. Group V re-
ceived radiation(8 Gy) and 5-FU(150mg/kg) iv bolus injection. Group V received only
5-FU(150mg/kg) continuous iv infusion for 12 hours. Group VI received only 5-FU
(150mg/kg) iv bolus injection. Through immunoblotting and immunohistochemistry,
we examined the expression of PLC and ras oncoprotein in rat jejunum at 96 hours
after radiation or 5-FU administration and at 120 hours after radiation and 5-FU
adminstration. We also investigated the histological findings using hematoxylin and
eosin stain.

Results : In the immunohistochemistry study. PLC—y 1 expression was the highest in
group II followed by groups II and VI in that order and was weakly positive in
groups V and VI. PLC—~ 1 was hardly detected in the control group. The expression
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of ras oncoprotein was the same as the PLC— 1 expression for all groups. These
results were confirmed by the histological findings regarding the mucosal regenera-
tion. In the immunoblotting analysis, PLC~r 1 expression was the highest in group I
followed by group IV and II in that order. This difference between the immunoblot-
ting and immunohistochemistry study was due to the high expression of PLC~y 1 on
the damaged surface epithelium rather than to its expression in the regeneration re-
gion as observed in the immunohistochemistry study for group V. The expression of
PLC-0 1 was positive only in group V and VI, which received both radiation and 5-FU,
and the expression of PLC-4# 1 was negligible for all groups.

Conclusion : These results suggest that PLC-r 1 mediated signal transduction ana
ras oncoprotein may have a significant role in mucosal regeneration after radiation,
and that continuous iv infusion of 5-FU may induce active regeneration in intestinal
mucosa following radiation. In addition, the expression of PLC- 1 in combined group
of radiation and 5-FU implies that PLC— 1 may be involved in signal transduction me-
diated by concerted action between radiation and 5-FU.

Key W ords : Radiotherapy—5—fluorouracil interaction, Jejunal crypt cell, Phospholipase C,

Ras oncoprotein.
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AgEEe FA 2009 39 3 (Sprague
Dawley )& 4 7dgle] AR} 7 & A
A AZ2F (1), AEAL GEF (1), WAL b
FU 122417} 244 AF 93871, WA 5-FU
AA| AF HAZ(V), 5FU 12212 A&A AP &
EZ(V), 5-FU 44 AF 5L (M) vy
BAstdel(Table 1).

2.8 9

1) YA XA} 5-fluorouracil 0 2

6 Megavoltage X-d(CLINAC 1800)& °]-&3}
o] 80 cGy/ming Adek8-(dose rate) = 3AY A
Aol 8 GyE o A

bFU g8k 150mg/kgs LAl AFTA
ether w4 #of el A4S T4 527
kg AEA AFFAAE pentothal sodiume)
B whFslel A 9] ae] AE T 1247k
AA A8 FA8r.

2) 8 =59 3MA|7|

b Ad Al oFE Rl g AndAle] A A7E
of Pgoi2 Al ©hEFI 5-FU 5ol w
APAFEARY oFF FoiF 9OAIZEFoll, WA oFE
WAl 120417 Foll & WA

-
>

Table 1. Experimental Design

Radiation Dose 5-FU Dose

Group (Gy) (mg/ka) No. of Rat
I. Control — — 6
II. Radiation alone 8 — 6
II. Radiation & 5-FU continuous iv infusion 8 150 6
V. Radiation & 5-FU iv bolus injection 8 150 6
V. 5-FU continuous iv infusion — 150 6
VI. 5-FU iv bolus injection — 150 6

iv  intravenous
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PLCESEA9 ras Azl ® (C-H-ras(Ab-
1), Oncogene Science Inc.) <] W& B2 & s
7} $18to Ala3gt AgzAstst QAL Hsuse)® 7]
£ Wylol 7o) AL ko] AllEgd). F sl
el Zoj® =AE SpmFAE A5t xylene
alcoholg ¢)43le wsale}dls} hydrationd A3
t}. xyleneols 5¥7 3W4 Fpow alcohold
100%, 90%, 80%. 70%°] ¢o& 7 294, 287
A3 et vlEo)Fd o] A r]9s] 10
% goat serumo.g 2087} w-g-Al7ia 22 per-
oxidase ¥4& ADE7) #8ked. 3% hydrogen
oxideoll 15&7F uhgAlZc). 2 & Z2/55+2 A3
2 phosphate buffer saline(PBS)el} 587} g%
1:2002.8 3AAZ PLC 59iE4E A2 2
A|ZF w321k, ras RAAREYE 1:10002 3]
AR DA 2417} Aol uk-$-AlZ1F PBSE b
E7+ 394 FA3F DAKOARS] LSAB kitE A&
3o} wWogzAsErgdAE Attt £ link anti-
body& 20¥7} whg-Al7l2 2% streptavidine.&
20%-7 urg-¥ PBSE FAIF AEC(3-aminoethyl
9—carbasol) 2 #4312 Mevyer's hematoxyline.
2 dz 9A8%F mountdtz du)Re g 73y
t}. negative control- 2713 Wy o 2 AH43t5E
g}, ke PLC F$l&2ol o A4 PBSE
YA F e £AE JA% An g2 s

PLC &A1 AAE PLC Faxel vHeAl F
Z, preabsorptionA)?) FAE AAFAR s 72
& F£AZ GAste] fAub-S-o] 2AEE AS #al
o] |59 ekAdukg-o] SeolH g &astr}. Posi-
tive control2+ 714 fAdubse] 2 ves &elo]
s Fe) v AR 144 2ol sl 94
< u|w Ak

5) Immunoblotting

= Tl B St | Y G B B i B R
WA 2% 222 10% glycerol, 150mM Nacl, 1%
Triton X-100, 10xg/ml leupeptin 2 1mM
PMSF 20mMe] 4% 10mM HEPES(pH 7.2)¢]
FANS wET o]7& 20,000xg, 4TCelAH 30#
7t 433k o ASAE gt 100uge &9
Ao Laemmli cooking ¢+&g- Frlsle] 95Tl
A BEzZ} 7hE3le] Q& ARE 8% SDS-PAGER
FA) k. Eels dale Ar)d ols - (elect-
rotransfer) 22 nitrocellulose paperol ©]&A]7]
T 5%W/V) 2AE%(non fat dry mik)&
blockingstatt. <lA& Z7e} PLC F9ael &
014l RAEFIFAZ 4A)745< WH-EAZF 0.0b
% tween 20°] 5% PBSE 5¥l AFs.
Immunoreactive band¥ horse-radish peroxi-
daser} ZAgE goat anti-mouse IgG antibody
(Kirkegaard and Perry Laboratories, Inc., Gait-
hersburg)® ¥+g-A1# ECL system(Amersham).2.
2 hstgdct.

6) &0 &#y

37 gwlelgd T4 409 AGHEE Lo he-
matoxylin ¥} eosin g4& 3o 72+ F9 SAZq
zAgeE A 4748 BAdsa AEe AAAZE A
#Ao2 Hrlstr] $18le 574 43T AR
9] $5 Ao] 2 #9 FFE& T3l t-testE AW}
o EAA Fo4 355 Bt

Immunohistochemistry 8] $3& 4 d4x3

Table 2. The expression of PLC isozymes shown by immunohistochemistry

Group I 1I m v A Vi
71 0 +++ ++++ + +/0 +/0
o1 0 0 +++ +++ 0 0
81 0 0 0 0 0 0
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Fig. 1. The expression of PLC—y 1 shown by immunostain(brown color) in the jejunal sec-
tion of rats(x200). (A) Normal jejunal mucosa : hardly detected expression of
PLC—y 1. (B) Radiation alone gruop : moderately increased expression of PLC—y 1
in glandular epithelium. (C) Combined radiation and 5-FU continuous infusion
group : markedly increased expression of PLC—y 1 in regenerating glands. (D)
Combined radiation and 5-FU bolus injection group : moderately increased expres-
sion PLC— 1, but it is localized to damaged surface epithelium rather than to its
expression in the regeneration region.

ety AlA=EE 84 Zb=(intensity)et S HQl ALE(+ 44 +)T §F I Afo]¢ kA
EE(distribution)& AH&stsdch. & A djz2Fe W8 AEEL Ao mel(++), (+++)2 3
74-?—3(0) 7k ZEo] e = st AR e & Aslgdch ImmunoblotoliA= band7t 2]

$E(+/0) 2 sta FdHe] Hal3] Vephtx|at oFgh %= A95(0), BA% A FAA| 42 A5
’45*”)5"& A 7Fska chF-E-2] Al Eel A kA (+/0)2 &bt oFs}Aat 2HAE bandS Bol: AS

[l‘lo
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E(+), AL #slz AR bandE(++++)
I g 1 Abe)o] oFAbS A wleb(++),
(+++)E BF3t9ch

AR BFU AEA AF WalTeA Ak dlzgel
L
i=]

2 RAEAL SHEZ (++ +), AR 5-FU QA
B WAZ(+)2) Fol9l7 5 FU 5o REZSo
A vleret 3a4S Rark(Table 2, Fig. 1). PLC
519 WAE WA W 5FU A4 35 AT
Wt 5 5FU QA AR maEelR e A
(+++)9) FUYe pedm 29 BE oA By

o

) zx=Fo) uls) 2Fo)7} il (Table 2). PLC-819
o BE AT A 2T 2po]E BolA
gkcH(Table 2).

PLCy 19 wdg 4 Ao F9HE vpo
Bokew), AAe) BAZ 7Pl AT b
—FU A& AF galdeds] 7p g ke 94
A Bgm, thge Al AEAl 5T, WA
5-FU dA] AF W] wolglont, At £4be
2 AuAze) geg Bol AR9dAde Wik
3} 5-FU odA] AF #HalFolA 7Py 74g gl o
AR (++/++ +)&BHcHTable 3, Fig 1).

&g Immunoblottingsl4 PLC—y 1<) w&le 1
b g BFU ALA AF Wil 7 A ok
A band® Pz 2 oo WA 2 5-FU
dxl AF WY, Al 5T FAE KA
band& Eglom 2.9 Foli& immunobiotting.2.

Table 3. The differences of PLC—y 1 expression according to location shown by immunohisto-

chemistry
Group I Il i} j\g v VI
Surface 0 +/++ ++ +++ + +
Base 0 ++ +++ + + 0
Repair 0 +++ ++++ + +/0 +/0
Table 4. The expression of PLC isozymes shown by immnoblotting
Group 1 11 il i v Vi
71 Grade 0 + +++ ++ 0 +/0
No. 0/6 5/6 6/6 5/6 0/6 3/6
61 Grade 0 ) +/0 + ++ 0 0
No 0/6 1/6 2/6 5/6 0/6 0/6
81 Grade 0 0 0 0 0 0
No. 0/6 0/6 0/6 0/6 0/6 0/6

Fig. 2. The immunoblot analysis of phospholipase C— 1. PLC—y 1 expression was highest in group I followed
by groups II and W in that order and was weakly positive in groups V and VI. PLC-y 1 was hardly de-
tected in the control group. STD indicate purified PLC—y 1(50ng).
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Fig. 3. The immunoblot analysis of phc;éﬁﬁéllpasé C¥6 1. The expressfon of ﬁLC—M as positive only in group
Il and NV, which received both radiation and 5—FU, strongly positive in group IV and weakly positive in
group . STD indicate the purified PLC—¢ 1(100ng).

GROUP

- = 150 kDa

Fig. 4. The |mmunoblot analysis of phospholipase C-8 1. The expression of PLC-81 was negligible for all groups.

STD indicate the purified PLC-31(100ng).

Table 5. The expression of PLC— 1 and ras oncoprotein shown by immunohistochemistry

Group I It m N \ Vi
PLC—1 0 +++ ++++ ++ +/0 +/0
ras 0 ++ +++ + +/0 +/0

2 2y Axrt 24 =A@k (Table 4, Fig. 2).
PLC-0 19 ae v o 5-FU A&A AF
HYF ()3 A 2 5-FU 9] AF el (+
+)ollAat ko] S BT 29 BE FoilA
A4 izl wls zelrt ¢dsick(Table 4, Fig.
3). &9 PLC-A 19 Hde BE AFF4 A4 ol
ZF-) W3 #elz} ¢ldek(Table 4, Fig. 4).

2. ras URTX Ehse] L

RelzAsEIY A5} ras AT BRe
WAL R 5FU A5 AT Fazeld A1 e
4o JHPE Bem, 7 theoR WA} BF
F, PR 5FU U4 45 Ha7e) £ PLC-
71 9Rs] AEs} YAsks 473 LgeK(Table 5).

3. YHalsty oA

B4 WAs] T4 gRe AR S} 2 8

2Eo] ola wiAAlEZ(goblet cell)7} FEHe & B
Z50o] giEdl(Fig. 5A) vlsle] WA AL G50l
A Aty 2 Zol7} AA R golAA FHuhe

AN&g zstdar, FE2Q A ALY S
Adgdch adAde] AL Iistgod, MY AdA
e A E7} Ao B A ekskeh(Fig. 5B).

wpAlg 5-FU wWalE 2 5-FU 12217k R&A
AF W g = Ao A F27 FAEHHA o)
AANET FAHAQD, 7|AFA A A s
st ok (Fig. bC), 5FU 4A AF HHF 12
A AEA AF HYFelA Bk o] 5] Al
s g2 Zolrt oS gobx|w, adAdel WA
3} tjBo] AfAYe) AF FREG oA, AIAES] ¥
o] FA¢ BguA ez Wkl Usick(Fig. bD). 5-
FU F4} 957 3 1247 ASA AFTaAe A
A A Aupel P} FAEAL, WA ES} gol
Fa=gon 2 AME Bukstdn(Fig. 5E),
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Fig. 5. Histopathological findings of the jejunal mucosa of rats(H & E, x 100). (A) Normal
jejunal mucosa_showing even villous surface, crypts with goblet cells and basal
proliferative zone. (B) Radiation alone group: the villi are evenly atrophic and the
regenerative glands are frequently seen. (C) Combined radiation and 5—FU contin-
uous infusion group: the mucosal architecture is well preserved compared with
the radiation alone group(Fig. 5B). (D) Combined radiation and 5-FU bolus injec-
tion group: the mucosal villi are more atrophic and damaged in radiation plus 5—+FU
bolus injection group compared with the radiation alone group(Fig. 5B).

AN BFFANAE Huke) A T2 £HT 9 o el 12407 &4 AFFo] | Bl v
25)0] glomA Auhi Pz Ao sl ARn 4% 3 £43o] ek
He) Aol BB 27 HA(Fig. 5F) 2& 4F  adAdHe fApRd] S Bads 5-FU A
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Fig. 5. (E) 5-FU continuous infusion group: the villi are slightly shortened and the goblet
cells of crypts are focally decreased. (F) 5-FU bolus injection group: the mucosa
is atrophic, the villi are much shortened, and the epithelial cells are actively regen-
erated.

Table 6. The number of mitoses per five gla-

nds

Group Mean+S.E.

I 8.33+1.202
I 30.83+3.936
il 31.33+£3.887
v 21.50+1.839
v 12.33+2.011
Vi 13.50+2.693

S.E. : Standard error

p-value : Group II vs. M(p=0.930)
Group I vs. N(p=0.057)
Group III vs. W(p=0.045)

&4 AF WaFolA 71 Bt thee R b
%, A5 5FU Q4] 3T WaRe] $o2 27
Helsha a7 Aol By Axsh sk 2
& gk o) Al T F Wb 5FU AS4 BF
WAL AT 6FU A AT HYE Aol

FAH o §elg AolE BorKTable 6).

2k

I

WA 5-FUE Aol Fojstnes b-FULt Wit

A Z4zbe) gk Hrh(additive) 2B o 2 4
+(synergistic) 248 BoiF 7|2y Asp*rt
Ed7} 5o 5-FUE Ahd 30d7 Akl (radio
sensitizing) <FE=2M de] AH-Ee] $foo, 432t
£ 7)1A6 dAH A= b-FUQ %7} AAEEA (cyto
toxicity)S deo AxZ ZEsbd whala YEFA
o} 71& 7)ol f-23t H3E rHA e AEE5Y 374
2748 Holm®, md 5-FU anaerobic Alze}
aerobic AlFel| £ AEFHEAE Ho WA
o) Ag2 HolE hypoxic celld] M= {83517
o2 Muyxyu® glor) ofx 1 71AE A3
a2 eksgtrh.

5-FUe A& ui7P7h 10802 7] wiel
kbl 5-FU2) Ad5ahe-e %%k A E7} Az
A} 3 8417} o)Ak 5-FUo| R&EH o B eFE ojokul
b sle, dA] AFAE ole|dt Agakg-ol A FH A
oty ¥ FHH" Y, Lelieveld5™e Asad}
£ 7|El7) slalA 48417 o] xkFo] dadjcls
HAT, Viettis"s} ByfieldE™e i ZA1E
Ax7} 5-FU 8AIZF ol A&How wEEYS

ot Apatgo] depdi UA] AFAll= AF
zhgo] olo}A] b5-& Bastgich. wheba oadellA
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gA| dA] FAel] 2Jg FHak%(peak concentra-
tion)g FAgezs AMA §8& Foln AHAHY
WAL d7kak g #Hradiosensitization)s Qe Xz A
H(therapeutic gain)E 17l Hstd g8 A%
3 AFE ol&3ka gih.

JaelA b-FUE F2 fuit, a3, A3
2 FAReHF A o) &ET 9T oJe) HFH i
A7 (prospective randomized trial)oll+] wkA}Ad x|
8o} 5FUE FAl FoFozd o A387]gtl
A AEEo] 4ol WA B 9 2 9o
A4 A8A] 5-FUE WaEA 3ot aepd At =
zlo) gk 5-FU9 FHZ o2 FFAT) gk B4,
T Aodo) dAsted M&E4 AFA I 44 A
FAll 71 AL He FeAE gk 54 2
adht Fdat Ade] 3 T oR A gt
9wk 24 Ak wAAle e wizkg uhS
Hol7] wlo wkald3 6-FUE WA 24 &4bo)
vg 71EEe FAE Aok o’ of-E A aA
Huol] ozt 5FUS] WAzt R A ] TS Zha
W A7} AlgEe] ghort Bl Wbt 5-FU
o] o &4 9 Fo 7HAF 5-FU] Azt uh
2 AsFsd g3t A7t FFE olFn® d
A7A v AL 5-FU WA 2w &4 A
£ 3R ool 5FUS A& AFe} dAAF
Zhol] 2ol gk WALzt EAE vlagt Q7= 9
At

AT BAF YY) 9453 e w E43se
ks sk We F A A4S el sl 2
Ag o] B ¥ dale) iy digk a7
7} @3] o)]FoAn Slx, WAMIAES Folel 3l
oM whAbAe] digh ME2] ubg AN Az d
71AE gl aAse A7Ee] AEH7] Alaste]
WAl =A% protein kinase C*%, tyrosine ki-
nase® ¢} mitogen-activated protein kinase®7}
#A5E T raf~1 FAXZE GARe) g uksT)
dso] AP yrezlon} ofx Az AGr)He
AAA HAe grsAA gkgkom] el ool digt
AT s APE gk 2eh @A471A gt
A A 3G SRS BFe=d 9lelA
B FEAu A HelgAnd S B2 micr
ocolony survival assay*®& °]4% dA7Eo|dx

Az AR 7| Ae H3lof A= vhrt glelrt.

FHT 9B 2ol gz QA A AZAANA T2
5 548 o2]3 phospholipase C(PLC) F$84:
o] gge 239 2R9) WA ne 5ol
FAe Holn 53] PLC FH84F PLCr 12 A
29} AR, B3 9 246 354 82® IA
o, ras ARG A2 S ke A
o2 & glek. webAd 24 Hetel g WAt}
5-FUSl dates B Sl 2etel A
A AEE wlwshed olo] wWAbads 6FU Fo F
g A ZA B35S Hols 24 e A
3R 4 PLC T84} ras --aArde 2
o] o¥el Wy Ar g wale ATE T oS
Ao 2 Ayzhgct,

Az AGAAAN F93 PLC FHE3A2 4.6 2
y Z4zke) DNA 7149 3 opw|wAl Ad& wlats
2, Al FHEAES BAlge] Aol EE, o}
w4k wjde] A (homology)el wi-$- wekA]dt
B4 F E(XF9 E YD oMe fo% wist
FrAE Bgdrh o5& ofuliAte] 27t oF 2607K(
XE91)9} % 1707/M(YF-$) 2 olFojx dlom, o]
5 FAstm U ofnlxabe XE9elA 54%,
Yol 42%7F AR FLERAGT. olE ¥
7 32 g7 PLCe) 1Al phosphoinositide s
AAF 5 A FH FEEF HA4ske 7139 pho-
sphodiester 23S ¥ 5 de 29 Ade 7}
AAY, B PLCE 248l A9 4a48% =+
Ade 92 A= ot

E3] o]5 PLC ¥4 £4% PLCv 9 A v&
FYiieE 28 src AFY AT i ¥
#4314 tyrosine kinase2] noncatalytic domain
3 gl gl ¥l SH2 % SH3E 7Hx3 9l
o3 PLCy9] FAHZAL HFAAPAEA
srcot gt 7|Ae 9] o]FojA Ao it
A3E Bef® PLCy 7t AEe ARl Fo3 4
$ e AL AXslge. #TEe] PLCr 9]
epidermal growth factor(EGF)&} platelet-de-
rived growth factor(PDGF), nerve growth fac-
tor(NGF) % fibroblast growth factor(FGF) %<
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